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1
THE ZMAPP, ZMAB, AND MB-003 COCKTAIL ANTIBODIES 
INHIBIT EBOLA VIRUS BY BINDING TO NON-IDENTICAL 
EPITOPES ON THREE DOMAINS OF THE GLYCOPROTEIN

Edgar Davidson, Christopher Bryan, Rachel H. Fong, Trevor 
Barnes, Benjamin J. Doranz
Integral Molecular, Inc., Philadelphia, PA, United States

Cocktails of monoclonal antibodies (MAbs) that target the Ebola virus 
(EBOV) surface glycoprotein (GP) have been used under emergency 
compassionate treatment protocols in fifteen patients. However, the 
detailed epitope binding sites for the MAbs in ZMapp, ZMAb, as well as 
the related MB-003 cocktail, have not been fully elucidated. In this study 
we resolved the amino acid epitopes of all six MAbs in these cocktails, as 
well as the commonly used reference MAb KZ52. Comprehensive alanine 
scanning (shotgun mutagenesis) was used to create 641 EBOV GP variants 
that were individually expressed in human cells to enable identification of 
the most energetically important GP residues required for the binding of 
each MAb. Identification of epitope residues for these MAbs helps explain 
their breadth of reactivity against different EBOV species, predict viral 
evasion against these MAbs, and design new cocktails of MAbs that may 
offer improved complementarity.

2
HETEROGENEITIES IN THE CASE FATALITY RATE IN THE 
EBOLA OUTBREAK IN WEST AFRICA

Tini Garske1, WHO Ebola Response Team2

1MRC Centre for Outbreak Analysis and Modelling, London, United 
Kingdom, 2World Health Organization, Geneva, Switzerland

The ongoing Ebola outbreak in West Africa is the largest on record with 
over 24,000 case and 10,000 deaths officially recorded by April 2015, 
the true burden likely considerably higher - a humanitarian catastrophe 
for which we were not adequately prepared. The case fatality ratio (CFR, 
proportion of cases that are fatal) is a key indicator of disease severity 
useful for gauging the appropriate public health response or for evaluating 
treatment benefits if estimated accurately.We analysed the VHF databases 
of the three most heavily affected countries Guinea, Liberia and Sierra 
Leone. The overall CFR in was 68.4% (95% CI: 67.4% - 69.5%) in 
confirmed and probable cases, with age the most important modifier 
of survival probabilities: the CFR decreased throughout childhood with 
a minimum around 15 years of age, then increasing monotonically with 
age.We classified Treatment Centers (TCs) into 6 types. The CFR varied 
significantly between TC types: it was higher among cases who were not 
hospitalized or whose hospitalization status was unknown than that of 
hospitalized patients (p<0.001). Furthermore, the CFR varied between 
districts and between TCs more than would be expected by chance. We 
developed a statistical analysis to detect outliers in CFR between districts 
(n=41) and TCs (n=32) with 10 or more cases, adjusting for known factors 
influencing survival and identified twelve districts - eight (two in Liberia 
and three each in Guinea and Sierra Leone) with significantly higher 
and four (two in Sierra Leone and one each in Guinea and Liberia) with 
significantly lower CFR than the average, while there were two TCs with 
significantly higher and two TCs with significantly lower CFR than average.
From the current dataset we cannot determine whether the observed 
variation in CFR seen by district or TC reflects real (perhaps care-related) 
differences in survival or was caused by differences in reporting practices 
or case ascertainment. We will update these results with the latest dataset 
available in October 2015.

3
PRECLINICAL DEVELOPMENT OF AN EBOLA VIRUS VACCINE 
BASED ON RECOMBINANT SUBUNITS EXPRESSED IN INSECT 
CELLS

Axel T. Lehrer1, Michael M. Lieberman1, Teri-Ann S. Wong1, Heinz 
Feldmann2, Andrea Marzi2
1University of Hawaii, Honolulu, HI, United States, 2National Institute of 
Allergy and Infectious Diseases, Laboratory of Virology, Hamilton, MT, 
United States

Soluble recombinant Ebola virus glycoproteins (GP) and matrix 
proteins (VP24 and VP40) were generated in the Drosophila S2 cell 
expression system and purified by immunoaffinity chromatography. The 
immunogenicity of recombinant subunits and admixtures formulated with 
or without clinically relevant adjuvants was evaluated in mice, guinea 
pigs and macaques. Strong antigen-specific IgG titers as well as virus 
neutralizing titers were observed after administering two or three doses 
of adjuvanted formulations. In mice and non-human primates subunit 
proteins were also shown to elicit cell mediated immune responses. 
Analysis of secreted cytokines in batch-cultured, antigen-stimulated 
splenocytes or PBMC’s demonstrated antigen-induced Th1 and Th2 
type responses.Recombinant vaccine candidates were tested in mice 
for protection against challenge with mouse-adapted EBOV. All vaccine 
formulations containing EBOV GP generated protective responses and 
serum transfer from such animals into naïve mice demonstrated that 
humoral immunity alone can be fully protective. Furthermore, the transfer 
of immune splenocytes into naïve mice showed that recombinant GP and 
VP24 subunits elicit functional T cell responses that lead to protection 
against live virus challenge.Immunogenicity and efficacy studies in guinea 
pigs were focused on optimized antigen dosing, antigenic balance 
and adjuvantation. Multiple formulations consistently produced strong 
antibody responses and demonstrated 100% protective efficacy in the 
EBOV guinea pig model.Results from studies in two species of non-human 
primates suggest that vaccination with GP+VP40+VP24 and an emulsion-
based adjuvant consistently produces high anti-EBOV IgG and virus 
neutralizing titers. This prevents viremia subsequent to live virus challenge 
and protects animals from terminal EBOV disease. These studies suggest 
that we have defined a viable Ebola virus vaccine candidate based on non-
replicating viral subunits.

4
PROTEIN-LEVEL SPECIFICITY OF ANTIBODY RESPONSES TO 
EBOLA AND MARBURG VIRUSES BY HUMAN SURVIVORS OF 
INFECTION 

Mohan Natesan, Teddy Kamata, Sarah Keasey, John M. Dye, 
Robert G. Ulrich
U.S. Army Medical Research Institute for Infectious Diseases, Fort Detrick, 
MD, United States

The lack of approved Ebola vaccines or therapeutics has contributed 
to the high mortality rate of the current outbreak. Clinical evidence 
suggests that serum from recovered individuals may be effective in the 
treatment of active cases. The epidemic caused by Zaire ebolavirus 
has infected >20,000 people, yet previous outbreaks involving other 
species of filoviruses also resulted in many fatalities. It follows that 
variability in human responses to infection can influence the therapeutic 
effects of antibody products. We examined antibody specificity with sera 
collected from survivors of outbreaks that were caused by Marburg 
marburgvirus(MARV), Bundibugyo ebolavirus (BDBV), or Sudan 
ebolavirus (SUDV). To measure antibody responses, we used a protein 
microarray that displayed NP,VP40, and GP antigens from isolates of 
the six species of filoviruses that are primate pathogens. Analysis of the 
microarray data by hierarchical clustering revealed clear separation of 
positive signals from negative controls. The control samples clustered 
according to geographical region, with non-infected US subjects exhibiting 
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the lowest background levels of antibodies. Statistically significant 
antibody responses to autologous antigens were observed for all three 
outbreak cohorts. Consistent with amino acid sequence similarities, 
NP was most cross-reactive and exhibited the highest level of antibody 
responses, while antibody responses to GP were the most specific. 
Antibodies to GP, NP and VP40 were also long-lived, as observed for 
Gulu SUDV survivors 14 years after infection. While most sera were not 
monospecific, antibodies from MARV survivors presented the lowest 
level of cross-reactivity with heterologous antigens. Our results suggest 
that there is a considerable amount of variability in human responses 
to Ebola and Marburg viruses. The observed anti-GP antibodies, which 
are important for blocking virus entry into cells, were primarily directed 
towards the infecting species, whereas antibodies to VP40 and NP may 
also serve as biomarkers of infection. 

5
COMPARISON OF RIFT VALLEY FEVER VIRUS PREVALENCE 
AMONG COMMUNITY MEMBERS AND SLAUGHTERHOUSE 
WORKERS IN WESTERN KENYA

Elysse N. Grossi-Soyster1, Elizabeth A. Cooke2, William A. de 
Glanville2, Lian F. Thomas2, Njeri C. Wamae3, Sam Kariuki3, Eric M. 
Fèvre4, A. Desiree LaBeaud1

1Stanford University School of Medicine, Stanford, CA, United States, 
2Center for Infection, Immunity and Evolution, University of Edinburgh, 
Edinburgh, United Kingdom, 3Center for Microbiology Research, Kenya 
Medical Research Institute, Nairobi, Kenya, 4International Livestock 
Research Institute, Nairobi, Kenya

Rift Valley fever virus (RVFV) is a virus of the Bunyaviridae family that 
infects both domesticated animals, primarily livestock, and humans. 
The spread of RVFV and the occurrence of zoonotic infections are both 
considered to be related to the handling and trading of infected livestock. 
RVFV is also transmitted by mosquitoes, yet determining the contribution 
of mosquito-borne transmission towards RVFV infection in humans is 
difficult, mainly due to limited surveillance. The goal of this study was to 
measure the seroprevalence of RVFV in a rural community that may have 
exposure to livestock through animal herding and husbandry (n=2071), 
and compare this to the seroprevalence of RVFV in persons employed in 
slaughterhouses in the study area in western Kenya (n=720). Samples 
were screened in-house for anti-RVFV IgG by indirect ELISA. Of the 
community samples, 16 samples (0.77%, CI95 0.44 to 1.25) were positive 
for RVFV IgG, whereas 19 of 720 samples (2.64%, CI95 1.6 to 4.1) from 
slaughterhouse workers were positive for RVFV IgG (p=0.0003). Anti-
RVFV IgG concentrations in positive samples were higher overall in the 
slaughterhouse worker samples than those of the community samples 
(geometric mean concentrations of 5.583 AU/ml (p=0.0292) versus 
3.522 AU/ml (p=0.0003), respectively). Variation in anti-RVFV antibody 
concentrations between the two groups may reflect inherent differences in 
the nature of the exposure to RVFV and inoculum size. Risk factors for the 
community samples include occupation as a farmer (OR 4.8, CI95 1.1 to 
21.2, p=0.040) and age of >36 years (OR 8.2, CI95 2.0 to 34.2, p=0.004). 
Risk factors associated with the slaughterhouse samples include age of 
>36 years (OR 2.8, CI95 0.8 to 10.2, p=0.12), position as a slaughterman 
compared to other occupations in the slaughterhouse (OR 3.3, CI95 1.0 
to 11.2, p=0.06), and working with only cattle (OR 3.9, CI95 0.8 to 18.0, 
p=0.08) instead of in a mixed-ruminant slaughterhouse. These results 
confirm the presence of RVFV in western Kenya, of which direct contact 
with livestock may increase risk for RVFV transmission, and suggest that 
mode of transmission influences host immune response to RVFV.

6
CO-CIRCULATION OF HUMAN MONKEYPOX VIRUS AND 
VARICELLA-ZOSTER VIRUS (CHICKENPOX) IN THE SANKURU 
DISTRICT, DEMOCRATIC REPUBLIC OF CONGO

Chelsea L. McMullen1, Nicole A. Hoff2, Reena H. Doshi2, 
Patrick Mukadi3, Benoit Kebela-Illunga4, Robert Shongo3, Emile 
Okitolonda5, Jean-Jacques Muyembe3, Anne W. Rimoin2

1Duke University, Mooresville, NC, United States, 2University of California 
Los Angeles Fielding School of Public Health, Los Angeles, CA, United 
States, 3National Institute of Biomedical Research, Kinshasa, Democratic 
Republic of the Congo, 4DRC Ministry of Health, Kinshasa, Democratic 
Republic of the Congo, 5Kinshasa School of Public Health, Kinshasa, 
Democratic Republic of the Congo

Monkeypox virus (MPXV) is considered the most important virus in the 
orthopoxvirus genus since the eradication of smallpox (variola). MPXV 
causes similar clinical features to chickenpox, caused by varicella zoster 
virus (VZV). There have been reports of the co-circulation of MPXV and 
VZV in Central Africa. However, a sustained outbreak of both viruses 
has never been confirmed. Here, we use data from a 2005-2007 
active surveillance program for human MPX in Kasai Oriental province, 
Democratic Republic of Congo (DRC) to show that co-circulation is 
occurring in 9 health zones of the Sankuru District. Demographic and 
contact tracing information was collected as well as samples of vesicles, 
crusts, or fluid from active lesions. . Samples were tested for both MPXV 
and VZV by PCR and test results were aggregated into the following 
categories: -MPXV/-VZV, +MPXV/-VZV, -MPXV/+VZV, and +MPXV/+VZV. 
Proportions were compared across the 9 health zones to determine 
which zones had the highest incidence of co-circulation. Cases with 
GPS coordinates were plotted geographically by time period to assess 
the spatiotemporal spread of the outbreaks. Additionally, an adjacency 
matrix of contacts was used to create a graph of the contact network. All 
analyses were completed using R and Excel. Of the 1115 cases investigated 
during the active surveillance period that were tested for MPX V and VZV, 
53% tested positive for MPXV only, while 24% were only VZV positive. 
Approximately 8% of cases were negative for both viruses and 14% had 
evidence of MPX/VZV co-infection. At least one +MPXV/+VZV case was 
detected in each of the health zones, with Lodja and neighboring Djalo 
Ndjeka containing the most significant amount of both +MPXV/+VZV and 
+MPXV/-VZV.Although MPXV and VZV have been confirmed to co-infect 
humans, their co-circulation within the same outbreaks has never been 
confirmed, and its epidemiological significance is little understood. Here, 
we show the chains of transmission where MPXV and VZV both thrived, as 
well as potential geographical factors involved in co-circulation success.

7
OUTBREAK INVESTIGATION OF KAYSANUR FOREST DISEASE 
(KFD) IN WAYANAD DISTRICT, KERALA, INDIA 2015

Preeti Padda1, Aakash Srivastava1, Samir V. Sodha2, N. 
Balakrishnan3, Vidhya N4, Anil Kumar1, S. Venkatesh1, Neeta 
Vijayan4

1National Centre for Disease Control, New Delhi, India, 2Centre for Disease 
Control and Prevention, New Delhi, India, 3National Centre for Disease 
Control, Bangalore, India, 4Government Health Services, Wayanad, India

Kyasanur Forest disease (KFD), a tickborne viral hemorrhagic fever, is 
endemic to Karnataka State but has been reported spreading to bordering 
states of Tamil Nadu and Kerala. Infected ticks transmit infection to 
monkeys, the amplifying host, which disseminate infection (hotspots). 
Vaccination of high risk populations is the primary strategy for controlling 
KFD along with use of personal protection measures. On February 6, 
2015, Kerala reported its first KFD outbreak in an area adjoining Chikenji 
forest range of Wayanad district. The outbreak was investigated to assess 
its extent and identify risk factors. Residents of Sulthan Bathery taluk 
(sub-district) who during 25 December 2014 - 13 March 2015 presented 
with sudden onset of fever, headache, and myalgia were defined as 
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cases. For each case we selected two healthy controls matched for age, 
sex and place of residence and they were interviewed regarding recent 
exposures using a structured questionnaire. Entomological and monkey 
death investigations were also conducted. We identified 113 cases (attack 
rate 6.9 cases/10,000 persons) with a case fatality rate of 5.3%. Most 
cases (96%) were over 14 years of age and 62% were females. None 
had received vaccination prior to this outbreak. Of 81 cases laboratory 
tested, 43 (53%) confirmed for KFD virus (KFDV) by reverse transcription 
polymerase chain reaction (RT-PCR). Among the enrolled 59 cases and 
118 controls, a recent visit to forest (OR=4.8, 95%CI=2.1-10.6), grazing 
animals in forest (OR=3.1, 95%CI=2.2-6.9), exposure to monkey death 
(OR=4.1, 95%CI=2.2-7.2) and collection of heaps of leaves around house 
(OR=1.9, 95%CI=1.09-2.8) were significantly associated with the disease. 
The tick vector (Hemophysalis spinigera) for KFD was found in abundance 
in the affected forest area. Out of 18 monkey deaths (Macaca radiate 
species) reported, 5 tested positive for KFDV by RT-PCR. The evidence 
suggests transmission of KFDV within the district as both the virus and the 
vector have been found. We recommended vector control, use of personal 
protective measures and an effective vaccination policy for prevention of 
KFD outbreaks in future.

8
FAILURE OF DIHYDROARTEMISININ-PIPERAQUINE 
IN NORTHERN CAMBODIA FOR THE TREATMENT OF 
UNCOMPLICATED PLASMODIUM FALCIPARUM

Rithea Leang1, Cesia Quintero1, Sara E. Canavati2, Bunkea 
Tol1, Bunthai Leang1, Didier Menard3, Jack S. Richards4, Pascal 
Ringwald5, Rekol Huy1

1The National Center for Parasitology, Entomology and Malaria Control, 
Ministry of Health, Phnom Penh, Cambodia, 2Department of Clinical 
Tropical Medicine, Faculty of Tropical Medicine, Mahidol University, 
Bangkok, Thailand, 3Malaria Molecular Epidemiology Unit, Institut Pasteur 
in Cambodia, Phnom Penh, Cambodia, 4Centre for Biomedical Research, 
Burnet Institute of Medical Research, Melbourne, Victoria, Australia, 
5Antimalarial Drug Resistance, Global Malaria Programme, World Health 
Organization, Geneva, Switzerland

Since artemisinin drug resistance was first observed in 2006, a series of 
artemisinin-based combination therapies (ACTs) have been selected for 
the treatment of Plasmodium falciparum malaria in Cambodia; partner 
drugs with favourable pharmacological properties are selected in order 
to minimise the impact of artemisinin resistance. Dihydroartemisinin-
piperaquine (DHA-PQP), introduced as first-line treatment for P. 
falciparum in Cambodia in 2009, is the most recent of five artemisinin-
based combination therapies (ACTs) to be recommended by World 
Health Organization (WHO). Although DHA-PQP initially demonstrated 
a high efficacy, there has been recent evidence of parasitological and 
clinical failure. This study presents the data collected in several 2014-
15 therapeutic efficacy studies using DHA-PQP for the treatment of P. 
falciparum in Cambodia. This study utilised the standardized WHO 
protocol for assessment of antimalarial treatment efficacy. It was 
conducted in the northern Cambodian provinces of Siem Reap, Stung 
Treng and Mondulkiri between August 2014 and February 2015, during 
the malaria transmission season. A total of 120 patients infected with 
P. falciparum were included. Efficacy data and risk of PCR-adjusted 
recrudescence up to Day-42 (D42) were evaluated using intention-to-
treat and Kaplan-Meier analysis. High DHA-PQP treatment failure rates 
were observed at D42: 62.5% in Siem Reap, 40% in Stung Treng and 
10% in Mondulkiri. In the context of regional artemisinin resistance, 
these results are suggestive of P. falciparum resistance to Piperaquine. 
Piperaquine is a bisquinoline and is structurally similar to chloroquine, for 
which there is known resistance in Cambodia. This is the first time that 
the northern provinces of Cambodia have been found to have higher 
treatment failures and a higher proportion of D3-positive participants 
than the western provinces. It is concerning that western and northern 
Cambodia have a high volume of population movement, which is likely 
to contribute significantly to the spread of spread of multidrug resistance; 

this population movement is a considerable hindrance to the elimination 
of malaria. These findings demonstrate that it is becoming increasingly 
difficult to find a highly effective antimalarial treatment for P. falciparum 
in both western and northern Cambodia. There is an urgent need for new 
antimalarial regimens for these populations.

9
SAFETY AND EFFICACY OF PYRONARIDINE-ARTESUNATE 
AGAINST UNCOMPLICATED PLASMODIUM FALCIPARUM IN 
WESTERN CAMBODIA

Sara E. Canavati1, Rithea Leang2, Harrriet L. Lawford2, Pisal 
Heng2, Bunkea Tol2, Mey Bouth Denis3, Nimol Khim4, Saorin Kim4, 
Jack S. Richards5, Lasse S. Vestergaard6, Didier Menard4, Rekol 
Huy2, Arjen M. Dondorp7, Pascal Ringwald8

1Mahidol-Oxford Tropical Medicine Research Unit, Faculty of Tropical 
Medicine, Mahidol University; Department of Clinical Tropical Medicine, 
Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand, 2The 
National Centre for Parasitology, Entomology and Malaria Control, Phnom 
Penh, Cambodia, 3World Health Organization, Phnom Penh, Cambodia, 
4Institut Pasteur du Cambodge, Phnom Penh, Cambodia, 5Burnet Institute 
of Medical Research; Department of Microbiology, Monash University, 
Melbourne, Victoria, Australia, 6World Health Organization, Manila, 
Philippines, 7Mahidol-Oxford Tropical Medicine Research Unit, Faculty of 
Tropical Medicine, Mahidol University, Bangkok, Thailand, 8World Health 
Organization, Geneva, Switzerland

The first signs of artemisinin resistance were reported from Pailin Province 
in western Cambodia. There are now increasing reports of parasitological 
and clinical failure following most widely used ACTs indicating resistance 
to both the artemisinin compound and the partner drugs. There is an 
urgent need for new malaria treatment options, including new ACT 
regimens, especially in areas of known multi-drug resistance. The 
combination of pyronaridine-artesunate could be an alternative option 
for the treatment of uncomplicated Plamodium falciparum malaria in 
western Cambodia. In an open-labelled, controlled clinical trial conducted 
in two sites in western Cambodia (Pailin and Pursat provinces), patients 
with P. falciparum mono-infection were treated with pyronaridine-
artesunate and were followed up for 42 days. The primary endpoint was 
PCR-adjusted adequate clinical and parasitological response (ACPR) by 
day 42, and secondary endpoints included: PCR-adjusted ACPR on day 
28, parasite positivity rate on day 3, liver function test and other safety 
outcomes, and prevalence of molecular markers of drug resistance. One 
hundred and twenty-three patients were enrolled and completed the full 
course of treatment and 42 days of follow-up. Fourteen (14/116=12.1%) 
patients had RT-PCR confirmed recrudescence, all of which carried the 
C580Y K13-propeller mutant allele associated to artemisinin resistance. 
Recrudescent infections at the Pailin site (n=8), all shared the same msp1, 
msp2 and glurp genotypes as well as 10-SNPs bar coding, but all occurred 
within a single village. Transient elevations of liver enzymes occurred in 15 
(12%) patients but values returned to normal by day 28 in the majority 
patients. The WHO criterion for introducing a new first-line malaria 
treatment (i.e. an adequate clinical and parasitological response in more 
than 95% of patients at follow-up on day 28) was not met western in 
Cambodia. However, pyronaridine-artesunate was observed to be a safe 
drug and well tolerated with no reports of severe adverse effects including 
no indications of significant liver toxicity.
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10
TRANSMISSION-BLOCKING EFFICACY OF SINGLE DOSE 
PRIMAQUINE ADDED TO ACT IN CAMBODIANS WITH 
UNCOMPLICATED PLASMODIUM FALCIPARUM MALARIA

Jessica Lin1, Ratawan Ubalee2, Worachet Kuntawunginn2, 
Thay Kheang Heng3, Sok Somethy4, Soklyda Chann3, Dav Vy3, 
Nareth Kong3, Sujata Balasubramanian1, Montri Arsanok5, Ponsa 
Chanudom2, Piyaporn Saingam2, Nitima Chanarat2, Michele 
Spring2, Char Meng Chuor6, Panita Gosi2, Chanthap Lon3, David 
Saunders2

1University of North Carolina, Chapel Hill, NC, United States, 2Armed 
Forces Research Institute of Medical Sciences, Bangkok, Thailand, 3Armed 
Forces Research Institute of Medical Sciences, Phnom Penh, Cambodia, 
4Royal Cambodian Armed Forces, Phnom Penh, Cambodia, 5Armed Forces 
Research Institute of Medical Sciences, Bangkok, Cambodia, 6National 
Center for Parasitology, Entomology and Malaria Control, Phnom Penh, 
Cambodia

In low transmission areas, single dose primaquine is recommended by 
the WHO to be given alongside artemisinin-based combination therapy 
to Plasmodium falciparum patients to prevent transmission. While 
multiple studies have shown that this intervention reduces post-treatment 
gametocytemia, no clinical studies have directly measured its effect on 
infectiousness to mosquitoes in those already treated with ACT. We 
conducted an open-label clinical trial in 101 Cambodian patients with 
normal to moderately deficient G6PD-activity deficiency randomized 
to either 45mg single dose primaquine or no primaquine on Day 3 
of dihydroartemisinin-piperaquine (DP) therapy. Human-to-mosquito 
infectivity was assessed using membrane feeding assays pre-treatment 
and at days 4, 7, and 14 on 300 Anopheles dirus mosquitoes. We 
examined 50 of the roughly 220 engorged mosquitoes per feed for the 
presence of midgut oocysts, saving the rest for PCR and genetic analyses. 
Only 6/101 (5.9%) patients were infectious to mosquitoes prior to DP 
treatment. On day 4 post-treatment, 3/6 remained infectious (1 of 3 had 
received primaquine 20hrs earlier) and 3 more patients became infectious 
(none of whom had received primaquine). By week 1 post-treatment, 
4/6 patients remained infectious, none of whom had been treated with 
primaquine. This transmission-blocking effect was statistically significant 
(0/48 patients vs. 4/49 patients transmitted in the PQ vs no PQ group at 
week 1, p=0.043). There were no clinically significant adverse hematologic 
events. Details of mosquito infection, gametocyte, and PCR endpoints 
will be discussed. This study supports the transmission-blocking utility of a 
45mg dose of primaquine in subjects without severe G6PD deficiency. We 
are currently studying the lower dose of primaquine (0.25mg/kg) recently 
recommended by the WHO for all patients without G6PD screening.

11
IMMUNITY TO MALARIA AND EMERGING ARTEMISININ 
RESISTANCE

Freya J. Fowkes1, Ricardo Ataide1, Elizabeth Ashley2, Mehul 
Dorda2, Rosanna Powell1, Gaoqian Feng1, Jo-anne Chan1, Michael 
Malloy3, Takafumi Tsuboi4, Eizo Takashima4, Katherine O’Flaherty1, 
James Beeson1, Francois Nosten5, Julie A. Simpson3, Nicholas 
J. White2, On behalf of the Tracking Resistance to Artemisinin 
Collaboration (TRAC)2

1Burnet Institute, Melbourne, Australia, 2Mahidol–Oxford Tropical 
Medicine Research Unit, Faculty of Tropical Medicine, Mahidol University, 
Bangkok, Thailand, 3Centre for Epidemiology and Biostatistics, University 
of Melbourne, Melbourne, Australia, 4Division of Malaria Research, Proteo-
Science Center, Ehime University, Ehime, Japan, 5Shoklo Malaria Research 
Unit, Mahidol-Oxford Tropical Medicine Research Unit, Faculty of Tropical 
Medicine, Mahidol University, Mae Sot, Thailand

Resistance to artemisinin, the first-line treatment against falciparum 
malaria, was first reported in Western Cambodia in 2009. Recently, 
the Tracking Resistance to Artemisinin Collaboration (TRAC) a unique 

multicentre artemisinin therapeutic efficacy study, including 15 sites 
of varying malaria transmission across Asia and Africa, confirmed that 
resistant falciparum malaria (defined by a slow clearing phenotype and the 
presence of the kelch13 molecular marker) is firmly established in Western 
Cambodia, Thailand, Eastern Myanmar, and Southern Vietnam, and is 
emerging in Northern Cambodia and Southern Laos. Naturally acquired 
immunity to malaria has the ability to clear parasites and is an important 
host factor to understand in the context of understanding the emergence 
of resistant parasites. To date, there have been no large multinational 
studies of malarial immunity or any investigations into how variations in 
population levels of immunity may impact on the geographical spread of 
artemisinin resistance. We aimed to quantify variations in Plasmodium 
falciparum antibody responses and their impact on parasite clearance 
time after artemisinin treatment across multiple populations experiencing 
varying levels of malaria transmission. We determined antibody levels and 
function to a panel of P. falciparum antigens representing various stages 
of the life-cycle to enable us to identify immune biomarkers that predict 
parasite clearance time in 16 sites and 9 countries participating in TRAC. 
We show that i) host-immunity to P. falciparum varies across populations 
and is lowest in areas where the prevalence of kelch13 mutations and 
the slow clearing phenotype is the highest; ii) P. falciparum antibodies 
are associated with faster P. falciparum clearance times, even in areas 
of relatively low immunity; iii) P. falciparum antibodies have the biggest 
impact on P. falciparum clearance in the presence of slower-clearing 
parasites carrying kelch13 mutations. We conclude that immunity is 
an important confounder in the assessment of emerging artemisinin 
resistance and may also contribute to the emergence of artemisinin 
resistance in the region.

12
METABOLIC PROPERTIES OF PLASMODIUM FALCIPARUM 
SUB-POPULATIONS ASSOCIATED TO ARTEMISININ 
RESISTANCE IN CAMBODIA

Ankit Dwivedi1, Christelle Reynes2, Nimol Khim3, Frédéric Ariey3, 
Didier Ménard3, Emmanuel Cornillot1

1Institut de Biologie Computationelle, Montpellier, France, 2Institut de 
Génétique Humaine, Montpellier, France, 3Pasteur Institute in Cambodia, 
Phnom Penh, Cambodia

The undergoing WHO Malaria elimination program is threatened by 
emergence and the potential spread of the Plasmodium falciparum 
artemisinin resistant parasite. Artemisinin resistant parasites have emerged 
in the western part of Cambodia, where chloroquine and pyrimethamine 
drug resistance emerged in the past. Recent reports have shown (1) 
presence of several P. falciparum sub-populations in Cambodia and 
(2) evidence that mutations in the propeller domain of the K13 gene 
are major determinants of artemisinin resistance in Cambodian parasite 
population. To characterize the Cambodian parasite sub-population 
metabolic properties and identify genetic evidence associated to the 
acquisition and the transmission of artemisinin resistance, a reliable 
SNP variant calling pipeline based on analysis of signal parameters in 
comparison with 3D7 reference genome was applied to around 170 NGS 
Cambodian genome sequences recovered from ENA database. In addition, 
a barcode approach based on LUMINEX technology was used to screen 
for parasite population structure in Cambodia. Genome wide analysis 
revealed presence of major hot spots of variation and specific haplotypes 
among the Cambodian sub-populations. The annotation for sub-
population specific gene set based on proteins and domain associated GO 
terms, pathways and networks (co-expression, metabolism, Y2H, ⋯) was 
determined. Distribution of K13 mutant alleles provide genetic evidence 
that acquisition and transmission of artemisinin resistance is related to 
parasite population structure in Cambodia. Presence of admixture parasite 
sub-population was found as a major risk for artemisinin resistance 
transmission. Based on the barcode analysis, a new sub-population located 
in south Cambodia, was associated with the most common C580Y K13 
allele. Parasite sub-populations differed in metabolic capacities and specific 
genes in some sub-populations were associated to various housekeeping 
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functions including cytoskeleton and ubiquitination, likely involved in K13 
protein interaction. Our findings question the origin and the persistence of 
the P. falciparum sub-populations in Cambodia.

13
COMPARISON OF TWO REGIMENS OF ARTEMETHER-
LUMEFANTRINE FOR THE TREATMENT OF UNCOMPLICATED 
PLASMODIUM FALCIPARUM MALARIA IN PREGNANT 
WOMEN IN THE DEMOCRATIC REPUBLIC OF CONGO

Marie A. Onyamboko1, Caterina I. Fanello2, Gareth Turner2, 
Nikki Jackson2, Joel Tarning2, Francois Nosten3, Nick J. White2, 
Antoinette K. Tshefu4, Nick P. Day2

1Kinshasa School of Public Health/Centre for Tropical Medicine and Global 
Health, NDM, University of Oxford, Mahidol, Democratic Republic of 
the Congo, 2Mahidol-Oxford Tropical Medicine Research Unit, Faculty 
of Tropical Medicine, Mahidol University, Centre for Tropical Medicine 
and Global Health, NDM, Mahidol, Thailand, 3Mahidol-Oxford Tropical 
Medicine Research Unit, Faculty of Tropical Medicine, Mahidol University, 
Shoklo Malaria Research Unit, Mahidol, Thailand, 4Kinshasa School of 
Public Health, Kinshasa, Democratic Republic of the Congo

Malaria in pregnancy is a major cause of maternal and newborn 
morbidity and mortality. Artemether-lumefantrine (AL) is an effective 
3-day therapy, however its pharmacokinetic properties are altered in 
pregnancy resulting in reduced plasma concentrations. The aim of this 
study was to compare an extended regimen of AL to the standard one in 
a group of pregnant women (PG) and a control of non-pregnant women 
(NP) with uncomplicated falciparum malaria. Ninety-six patients were 
randomly allocated to 5-day (extended) or 3-day (standard) regimen. AL 
was administered DOT and with milk. Drug plasma concentrations were 
characterized for each patient. Therapeutic efficacy was assessed using 
the standard 42-days WHO protocol. Tolerability and safety (including 
pregnancy outcomes) were also assessed. The maximum concentrations 
(Cmax) were significantly higher in the PG-5d arm than the PG-3d arm: 
75 ng/mL (range 29 to 118) vs. 52 ng/mL (27 to 130), p=0.008. Similarly 
the median day 7 lumefantrine plasma level was higher in the PG-5d 
arm, 1545 ng/mL (537 to 3650) vs. 597 ng/mL (216 to 928). The day-42 
efficacy, PCR unadjusted, was similar in the PG-5d and PG-3d arm, 90% 
vs. 91%. The 4 pregnant women with a recurrent episode of malaria 
had a day-7 level of lumefantrine between 320 and 750 ng/mL. One 
patient only (PG-3d) had a value below 280 ng/mL, the critical cut-off 
predicting treatment failure. Results were comparable in the control group 
of non-pregnant women. There were no hematological or biochemical 
abnormalities but more patients in the 5-d regimen had GI symptoms. 
Active placental malaria at delivery was observed in 6 cases in the 3d arm 
and 3 in the 5d arm (p=0.02). Four neonatal deaths (unrelated to study 
treatment) were reported: 3 stillbirths in the 3d arm and 1 neonatal sepsis 
in the 5d arm. Thirty-nine babies (87%) were followed-up for 1 year 
and displayed a normal physical and neurological development. Further 
analyses are currently being performed. The extended regimen improved 
the exposure to lumefantrine in pregnancy with a good safety profile.

14
COMPARING ARTEMETHER-LUMEFANTRINE AND 
CHLOROQUINE--WITH AND WITHOUT PRIMAQUINE--FOR 
THE TREATMENT OF UNCOMPLICATED VIVAX MALARIA IN 
ETHIOPIA: A RANDOMIZED CLINICAL TRIAL

Tesfay Abreha1, Jimee Hwang2, Yehualashet Tadesse1, Samuel 
Girma1, Bereket H. Alemayehu3, Ashenafi Assefa4, Moges Kassa4, 
Keren Z. Landman5, Joseph L. Malone6, S. Patrick Kachur5, 
Venkatachalam Udhayakumar5, Ya Ping Shi5, Daddi Jima4, Amha 
Kebede4, Hiwot Solomon7, Addis Mekasha8, Zenebe Melaku1, 
Hiwot Teka9, Gunewardena Dissanayake9, Sarah Auburn10, Lorenz 
von Seidlein10, Kamala Thriemer10, Ric Price10

1Columbia University ICAP, Addis Ababa, Ethiopia, 2President’s Malaria 
Initiative/Centers for Disease Control and Prevention, Atlanta, GA, United 
States, 3Columbia University ICAP, New York, NY, United States, 4Ethiopia 
Public Health Institute, Addis Ababa, Ethiopia, 5Centers for Disease Control 
and Prevention, Atlanta, GA, United States, 6President’s Malaria Initiative/
Centers for Disease Control and Prevention, Addis Ababa, Ethiopia, 
7Ethiopian Federal Ministry of Health, Addis Ababa, Ethiopia, 8Oromia 
Regional Health Bureau, Addis Ababa, Ethiopia, 9President’s Malaria 
Initiative/United States Agency for International Development, Addis 
Ababa, Ethiopia, 10Menzies School of Health Research, Darwin, Australia

Chloroquine (CQ) is currently the first line treatment for Plasmodium 
vivax monoinfections in Ethiopia and artemether-lumefantrine (AL) for 
those with mixed infections or P. falciparum. Treatment of hypnozoite 
stages with primaquine (PQ) is not widely practiced due to G6PD 
deficiency-related safety concerns. To determine the safety and efficacy 
of primaquine radical cure and confirm the P. vivax schizontocidal 
efficacy of AL and CQ, we conducted a 4-armed randomized open label 
controlled trial comparing AL and CQ--with and without PQ (0.25mg/
kg once daily x 14 days). The study was conducted in two sites in Oromia 
State: Bishoftu and Bulbula. Patients older than 1 year of age presenting 
with uncomplicated vivax malaria were randomly assigned to one of 
four treatments: AL alone, AL+PQ, CQ alone and CQ+PQ. Initial efficacy 
outcomes were measured for day 28 and 42, but follow up was continued 
for 12 months irrespective of recurrence. Patients with recurrent episodes 
after 42 days were treated with the same treatment as on enrolment. 
Between October 2012 and December 2014 a total of 399 patients were 
enrolled. Preliminary analyses revealed the uncorrected efficacy rate at 
day 42 was 81.2% (95% CI: 71.8-87.7) following CQ, 70% (95% CI: 
59.5-78.4) after AL, 98.8% (95% CI: 91.9-99.8) after CQ+PQ, and 93.3% 
(95% CI: 85.3-96.8) after AL+PQ. The risk of recurrence at 12 months was 
60% (96% CI: 43.6-74.4) in the CQ arm, 66.6% (95% CI: 50.3-97.8) in 
the AL arm, 20.5% (95% CI: 10.8-35.5) in the CQ+PQ arm and 37.8% 
(95% CI: 15.4-43.0) in the AL+PQ arm. The full analysis of the completed 
study including additional laboratory testing results will be presented. 
The high risk of recurrence at day 42 likely reflects emerging resistance 
in the CQ arm and lower post treatment prophylaxis following AL. The 
addition of the standard 14-day dose PQ was well tolerated and reduced 
recurrences, but the risk of recurrence at 12 months was significantly 
higher when combined with AL compared to CQ.
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15
THE CONTRIBUTION OF HUMORAL IMMUNITY TO CLINICAL 
OUTCOMES IN AN AREA OF MULTIDRUG-RESISTANT 
PLASMODIUM FALCIPARUM IN CAMBODIA

Michele Spring1, Chanthap Lon2, Sathit Pichyangkul3, Kosol 
Yongvanitchit3, Thay Kheang Heng4, Sok Somethy5, Soklyda 
Chann2, Soch Va4, Mok My4, Savoeun San4, Davy Taing2, Samon 
Nou2, Utaiwan Srichairatanakul3, Amporn Limsalakpeth3, Montri 
Arsanok3, Rathvicheth Bun4, Sut Thang Phann4, Sheetij Dutta1, 
Worachet Kuntawunginn3, Satharath Prom5, Char Meng Chuor4, 
Jessica Lin6, Evelina Angov1, David Saunders3

1US Military Malaria Vaccine Program, Silver Spring, MD, United States, 
2Armed Forces Research Institute of Medical Sciences, Phnom Penh, 
Cambodia, 3Armed Forces Research Institute of Medical Sciences, 
Bangkok, Thailand, 4National Center for Parasitology, Entomology and 
Malaria Control, Phnom Penh, Cambodia, 5Royal Cambodian Armed 
Forces, Phnom Penh, Cambodia, 6University of North Carolina, Chapel Hill, 
NC, United States

Mutations in the kelch 13 propeller gene of Plasmodium falciparum 
have been implicated as molecular markers of artemisinin resistance 
associated with prolonged parasite clearance times. We recently reported 
that Cambodian patients with the k13 C580Y mutation were 5.4 times 
more likely to fail dihydroartemisinin-piperaquine (DP) therapy for 
uncomplicated P. falciparum infection than those with non-C580Y 
mutations. However, 47% of those with C580Y mutation did not 
recrudesce, suggesting other factors involved in cure, particularly pre-
existing immunity. We compared clinical outcomes among 93 evaluable 
patients with antibody levels by median fluorescent intensity (MFI) and 
seropositivity rates to 4 P. falciparum antigens (MSP1, AMA1, CelTOS, 
CSP) using a multiplexed bead array (Luminex®). Approximately 90% 
of patients were seropositive for MSP1, AMA1 and CelTOS while 56% 
were seropositive for CSP. Volunteers who were seropositive for AMA 
were more likely to have complete cure (ACPR) at 42 days compared to 
those with malaria recurrence (53% vs 8% p=0.003). Seropositivity for 
AMA was also associated with ACPR versus recrudescence in those with 
the C580Y k13 mutation (p=0.04) but not the R539T mutation (p=0.1). 
PfMSP1 titers at admission in those who went on to ACPR were higher 
versus those who had recrudescence (unpaired t-test p=0.025). Neither 
MFI nor seropositivity for any antigen was predictive of parasite clearance 
half-life or day 3 positivity. Humoral immunity, particularly the presence of 
AMA1 antibodies, appeared to contribute to the cure of malaria infection 
in populations residing in areas of multi-drug resistance, suggesting 
efficacious vaccine could play an important adjunctive role in malaria 
elimination in the region.

16
DISSECTING THE FUNCTIONAL DIFFERENCES AMONG 
SPECIFIC HUMAN IGG SUBCLASSES AGAINST PLASMODIUM 
FALCIPARUM MEROZOITES

Vashti Irani1, Peck Szee Tan1, Andrew J. Guy1, Dean Andrew1, 
Catherine F. Latham1, Paul Sanders1, Gaoqian Feng1, Linda 
Reilling1, Kathirvel Alagesan2, Daniel Kolarich2, Peter Siba3, Ivo 
Mueller4, James G. Beeson1, Paul A. Ramsland1, Jack S. Richards1

1Burnet Institute, Melbourne, Australia, 2Max Planck Institute of Colloids 
and Interfaces, Potsdam, Germany, 3Papua New Guinea Institute of 
Medical Research, Goroka, Papua New Guinea, 4Walter and Eliza Hall 
Institute, Melbourne, Australia

Individuals living in malaria endemic areas develop natural immunity that 
protects them from symptomatic malarial disease, and antibody responses 
against blood stage antigens play a major role. Some antibodies target 
the invasive form of the parasite, the merozoite, and are able to inhibit 
erythrocyte invasion. Antibodies targeting Plasmodium falciparum 
erythrocyte binding antigen 175 (EBA-175) have been shown to inhibit 

binding to its erythrocyte receptor, glycophorin A. Interestingly, naturally 
acquired antibodies to EBA-175 and other merozoite antigens are 
typically skewed towards either IgG1 or IgG3, and the IgG3 responses 
are generally more strongly associated with protection. It remains unclear 
how the important differences in the functional effector responses 
between IgG subclasses impact malaria immunity. To assess this, we 
used a well-characterised invasion inhibitory monoclonal antibody (mAb) 
to EBA-175 (R217). We determined that Papua New Guinean children, 
following natural infection, acquire antibodies that target the same EBA-
175 epitope as the mAb R217. We then expressed this R217 mAb as 
recombinant chimeric human IgG1, IgG2, IgG3 and IgG4 and examined 
potential functional differences in a series of in vitro functional assays. 
These chimeric antibodies contained the same Fv region as R217 but had 
different human IgG backbones. These chimeric human mAbs showed 
similar epitope-specificity, affinity, glycosylation patterns and the ability to 
inhibit parasite growth and EBA175-glycophorin A binding interactions. 
Subclass specific differences were observed for other functional effector 
responses including complement deposition and opsonic phagocytosis. 
These findings suggest that human IgG subclasses do mediate differences 
in functional immunity and have important implications for assessing 
outcomes from vaccine studies.

17
FCRL5 EXPRESSION IS ASSOCIATED WITH PLASMODIUM 
FALCIPARUM EXPOSURE AND DEFINES A FUNCTIONALLY 
DISTINCT SUBSET OF ATYPICAL MEMORY B CELLS

Richard T. Sullivan1, Charles C. Kim1, Mary F. Fontana1, Margaret 
E. Feeney1, Prasanna Jagannathan1, Michelle J. Boyle1, Chris J. 
Drakeley2, Isaac Ssewanyana2, Harriet Mayanja3, Grant Dorsey1, 
Bryan Greenhouse1

1University of California, San Francisco, San Francsico, CA, United States, 
2London School of Hygiene & Tropical Medicine, London, United Kingdom, 
3Makerere University, Kampala, Uganda

Atypical memory B cells (MBCs) are associated with Plasmodium 
falciparum (Pf) exposure, and have been hypothesized to be functionally 
exhausted due to long-term Pf exposure. Recent reports by our group 
and others have found that a majority of atypical MBCs express FCRL5, 
not FCRL4 as previously thought, however, the functional relevance of 
FCRL5 expression has not been assessed. We tested the hypothesis that 
poor antibody recall was associated with FCRL5 expression, and that 
FCRL5 expression relates to Pf exposure. When we stimulated FCRL5+ 
and FCRL5- atypical and classical MBCs in vitro with the poly-clonal 
B cell mitogen CpG, we found that FCRL5+ MBCs, either classical or 
atypical, had decreased antibody recall responses compared to their 
FCRL5- counterparts (mean of 1.7 and 33.7 antibody secreting cells per 
1000 atypical MBCs, FCRL5+ and FCRL5- respectively, p=0.03). We also 
assessed the frequency of FCRL5+ atypical MBCs from individuals living in 
an area of intense Pf exposure compare to age matched individuals with 
more moderate exposure, and found that frequencies of FCRL5+ atypical 
MBCs were increased in individuals with higher Pf exposure. Since FCRL5 
expression was functionally important and associated with Pf exposure, we 
tested whether Pf infected red blood cells could directly induce expression 
of FCRL5 on B cells. Preliminary findings indicate that infected red blood 
cells can induce FCRL5 expression on class-switched B cells from non-Pf 
exposed individuals in a dose dependent fashion (MFI of 500 to 1400 
with iRBC), and this FCRL5 induction was augmented with the addition of 
CpG (MFi of 2500 with CpG and 6000 with CpG + iRBC). These findings 
suggest that induction of FCRL5 on B cells may be, at least in part, non-
specific or innate-like since these B cells were unlikely to have memory 
responses, but we are also currently testing the hypothesis that FCRL5 
expression may be antigen-specific in people highly exposed to Pf. In 
summary, our findings suggest that FCRL5 expression is strongly associated 
with B cell exhaustion and exposure to Pf, and may be driven, at least in 
part, through non-specific or innate-like mechanism(s) during infection.
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18
CHARACTERIZATION OF IMMUNE RESPONSES TO 
PLASMODIUM FALCIPARUM GAMETOCYTES

Kathleen W. Dantzler1, Karl Seydel2, Miriam Laufer3, Terrie 
Taylor2, Matthias Marti1
1Harvard T.H. Chan School of Public Health, Boston, MA, United States, 
2College of Osteopathic Medicine, Michigan State University, East Lansing, 
MI, United States, 3Center for Vaccine Development, University of 
Maryland School of Medicine, Baltimore, MD, United States

Drugs and vaccines targeting Plasmodium falciparum transmission 
stages have recently gained prominence as necessary tools for malaria 
elimination and eradication. Current transmission-blocking vaccine 
strategies target the stages in the mosquito while the developing sexual 
stages in the human host, or gametocytes, have so far been neglected. 
However, we would argue that targeting these stages has tremendous 
potential to decrease the global burden of malaria. As in asexual 
sequestration, the recently described gametocyte sequestration process in 
human bone marrow is likely mediated by interactions between specific 
host receptors and adhesins on the surface of infected red blood cells 
(iRBCs). Antibodies recognizing early-stage gametocytes could confer 
protection by 1) inhibiting binding necessary for entry and/or development 
in the bone marrow, 2) increasing killing by effector cells, and/or 3) 
inducing phagocytosis by macrophages and neutrophils. Hypothesizing 
that early-stage gametocytes entering into or developing inside the bone 
marrow are targets of host antibody responses, we performed the first 
systematic characterization of immune responses targeting gametocytes. 
After establishing a flow cytometry assay to screen Malawian patient sera 
for antibody recognition of gametocyte-iRBCs, we were able to identify 
samples that are significantly positive for the gametocyte-iRBC surface. 
Some of these positive sera also recognize asexual-iRBCs while others 
uniquely recognize gametocyte-iRBCs, particularly early gametocyte-
iRBCs. Immunofluorescence microscopy confirms that early gametocytes 
are recognized more than later gametocytes. We are currently further 
defining the stage specificity of the response, using qRT-PCR to correlate 
gametocyte densities with immune responses, and using proteomics to 
identify the corresponding target antigens. Understanding the human 
immune response elicited by Plasmodium gametocytes and the target 
antigens involved is essential for understanding host-pathogen interactions 
and designing transmission-blocking vaccine strategies.

19
COMPLEMENT AND ANTIBODY-MEDIATED ENHANCEMENT 
OF RED BLOOD CELL INVASION BY PLASMODIUM 
FALCIPARUM

Sergei Biryukov1, Evelina Angov2, Mary E. Landmesser1, Michele 
D. Spring2, Christian F. Ockenhouse3, Jose A. Stoute1

1Pennsylvania State College of Medicine, Hershey, PA, United States, 
2Walter Reed Army Institute of Research, Silver Spring, MD, United States, 
3PATH, Washington, DC, United States

Plasmodium falciparum malaria results in close to one million deaths 
worldwide each year due to repeated cycles of red blood cell (RBC) 
invasion and destruction. Attempts to develop a vaccine to block RBC 
invasion have failed. Although antibodies induced against merozoite 
vaccine antigens show inhibition of invasion in vitro in the presence of 
heat-inactivated (HI) serum (to remove complement), there is poor efficacy 
in vivo. The reasons for this discrepancy are unknown. We hypothesized 
that complement activation and opsonization of merozoites actually 
enhances complement receptor 1 (CR1)-mediated invasion of RBCs. 
We tested this hypothesis by studying the effect of mouse monoclonal 
anti-merozoite surface protein 1 (MSP-1) antibody 5.2 (mAb5.2) and 
antibodies from recipients of a merozoite vaccine (MSP-142) for their ability 
to enhance or inhibit invasion in the presence or absence of complement. 
Invasion of RBCs was enhanced by fresh serum relative to 3 min, 5 min, 
or 30 min HI serum. Furthermore, addition of mAb5.2 to fresh serum 

increased the enhancement effect. Addition of C2 and Factor B to 3 min 
HI serum, but not to 30 min, rescued the enhancement of invasion in the 
presence of mAb5.2. Likewise, Compstatin, a C3 specific inhibitor, and 
soluble CR1 w(sCR1) ere able to negate the enhancing affects of mAb5.2 
in fresh serum but not that of fresh serum alone. Purified antibodies from 
MSP-1 vaccinees showed inhibitory activity in C3/C4-inactivated serum, 
but inhibition was drastically reduced in C3/C4 reconstituted serum. 
Our results demonstrate that anti-merozoite antibodies in the presence 
of complement can enhance RBC invasion via CR1 constituting a novel 
mechanism of immune evasion by P. falciparum. These findings are of 
great importance to the efforts to develop a merozoite blocking vaccine 
since understanding the mechanisms of parasite immune evasion will aid 
in the development of more effective vaccines. Further studies will be 
needed to understand the relevance of our findings to in vivo models.

20
PLASMODIUM FALCIPARUM INDUCES DIFFERENTIAL 
CHANGES ON DENDRITIC CELLS IN SYMPTOMATIC AND 
ASYMPTOMATIC PATIENTS FROM THE AMAZON REGION

Katherine Torres1, Pamela Rodriguez1, Katherine Garro1, Dionicia 
Gamboa1, Joseph Vinetz2

1Universidad Peruana Cayetano Heredia, Lima, Peru, 2University of 
California San Diego, San Diego, CA, United States

Dendritic cells (DCs) play an important role in the induction and regulation 
of immune responses via antigen-presentation, co-stimulation and 
production of cytokines and chemokines. Circulating circulating DCs are 
essential for adequate immunity as they continually replenish the pool of 
tissue-residing DCs. In malaria, the functionality of DCs remains elusive 
because of immunomodulatory properties of the Plasmodium falciparum 
parasite. Changes in peripheral populations of DCs during acute P. 
falciparum malaria were characterized in other setting transmission, but 
no data are available for P. falciparum infections in the Peruvian Amazon. 
We characterized peripheral populations of DCs in uncomplicated malaria 
patients infected with P. falciparum and in healthy controls living in the 
same area of endemicity and exposed to relatively low levels of malaria 
transmission. Cryopreserved PBMCs from P. falciparum infected patients 
(symptomatic and asymptomatic) and endemic controls were stained with 
an antibody mixture containing lineage-specific mAbs to CD3, CD14, 
CD16, CD19, CD20, and CD56 conjugated with FITC (lin-FITC), antibodies 
to CD11c conjugated with APC and CD123 conjugated with PE, and 
antibodies to HLA-DR conjugated with PerCP. 50000 events were analyzed 
in a C6 Accury flow cytometer (BD). HLA-DR+CD123+lin−cells were 
defined as plasmocytoid dendritic cells (PDC) and HLADR+CD11c+lin− 
as myeloid dendritic cells (MDC). The results showed that the absolute 
number of PDC and MDC increased in both symptomatic (3,48 x10e7 
cells/L) and asymptomatic (2,96 x10e7 cells/L) P. falciparum patients 
compared to control individuals (1,83 x10e7 cells/L). Furthermore, it was 
found a greater absolute number of PDC but not MDC in symptomatic 
patients versus asymptomatic patients and controls. Here, we also observe 
the relationship between increased levels of plasma IL-10 and numbers 
of DC in patients with clinical Pf infections. In conclusion, Plasmodium 
falciparum is associated with a clear increase in the absolute number of 
plasmacytoid DCs (CD123+) phenotype in symptomatic patients.

21
MONOCYTE SUBSET PHENOTYPES AND FUNCTIONS IN 
KENYAN CHILDREN WITH UNCOMPLICATED MALARIA

Katherine Dobbs1, Paula Embury1, John Vulule2, Peter Odada 
Sumba2, James Kazura1, Arlene Dent1

1Case Western Reserve University, Cleveland, OH, United States, 2Kenya 
Medical Research Institute, Kisumu, Kenya

Monocytes/macrophages play an important role in innate and adaptive 
immunity to malaria. Human blood monocytes are classified into 3 subsets 
according to levels of expression of CD14 and CD16, surface molecules 
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functionally significant to tissue migration, and inflammatory cytokine 
production. Cryopreserved PBMC were obtained from 23 children at 
presentation with acute uncomplicated malaria and at 6 weeks following 
recovery, 17 healthy child controls, and 14 healthy adult controls in 
western Kenya. We determined the proportions of monocyte subsets 
and levels of TLR2, TLR4, CD36, PD-L1, CD86, and BAFF expression. 
Children with acute malaria had an increased proportion of intermediate 
“inflammatory” monocytes (CD14hiCD16+) compared to 6 week recovery 
samples and healthy children and adults (p values <0.03). Compared to 
6 week recovery samples and healthy child controls, acute malaria was 
associated with increased TLR2,TLR4, BAFF, and PD-L1 expression on 
intermediate monocytes and decreased CD36 and CD86 expression on 
classical and nonclassical monocytes (p values <0.05). An increased PD-
L1/CD86 ratio was seen on all 3 monocyte subsets during acute malaria 
compared to 6 week recovery and healthy child controls (p values <0.001). 
Functional assays of these subsets, including phagocytosis and cytokine 
production, are in progress, and results will be correlated with phenotypic 
data. These data indicate that monocyte surface expression phenotypes 
are altered with acute malaria, and these changes are subset-specific.

22
I GET HEIGHT WITH A LITTLE HELP FROM MY FRIENDS: HERD 
PROTECTION FROM SANITATION IN RURAL ECUADOR

James A. Fuller1, Eduardo Villamor1, William Cevallos2, Joseph N. 
Eisenberg1

1The University of Michigan, Ann Arbor, MI, United States, 2Universidad 
Central de Quito, Quito, Ecuador

Infectious disease interventions, such as vaccines and bednets, have the 
potential to provide herd protection to non-recipients. Similarly, improved 
sanitation in one household may provide community-wide benefits if 
it reduces contamination in the shared environment. Sanitation at the 
household-level is an important predictor of child growth, but less is 
known about the effect of sanitation coverage in the community. From 
2008 to 2013, we took repeated anthropometric measurements on 1,314 
children under five years of age in 24 rural Ecuadorian villages. Using 
mixed effects regression, we estimate the household and neighborhood 
effects of sanitation on child growth.Sanitation coverage at the 
neighborhood level was strongly associated with child height, as those 
with 100% coverage in their neighborhood had a 5 fold reduction in the 
odds of being stunted (OR 0.21, 95%CL 0.05-0.84) compared to those 
with 0% coverage. Children from households with improved sanitation 
had a slightly lower odds of being stunted (OR 0.70, 95%CL 0.43-1.15). 
This protective effect of neighborhood sanitation is manifested primarily 
among girls during the second year of life, the time at which growth 
faltering is most likely to occur. Discussion-Our study highlights that a 
household’s sanitation practices can provide herd protection to overall 
community. Studies which fail to account for the positive externalities that 
sanitation provides will underestimate the overall protective effect. Future 
studies could seek to identify a threshold of sanitation coverage, similar 
to a herd immunity threshold, above which increases in coverage have no 
marginal benefit.

23
SCALE-UP OF MOBILE-TO-WEB COMMUNITY-LED 
SANITATION ACROSS 13,000 RURAL VILLAGES IN ZAMBIA: 
CHALLENGES AND OPPORTUNITIES

Laurie Markle1, Amy Tiwari1, Alexandra Hoehne2, David A. 
Larsen3, Chinyama Lukama4, Sharon Mazimba1, Engervell 
Musonda4, Anne Mutunda1, Nicolas Osbert2, John Pinfold2, Scott 
Russpatrick1, Anna Winters1, Benjamin Winters1

1Akros, Lusaka, Zambia, 2UNICEF Zambia Country Office, Lusaka, Zambia, 
3Syracuse University, Syracuse, NY, United States, 4Ministry of Local 
Government and Housing, Lusaka, Zambia

The Ministry of Local Government and Housing in Lusaka has adopted 
community-led total sanitation (CLTS) as its intervention of choice for 
driving progress toward an open defecation free (ODF) Zambia. CLTS is a 
behavior-change intervention that generates community engagement and 
impetus to achieve ODF. As with all public health interventions, accurate 
targeting and timely monitoring are critical for sustainable, efficient 
uptake, however the traditional, paper-based systems used to monitor 
CLTS and other community-based interventions are slow, unwieldy and 
expensive. We instituted a mobile-to-web monitoring system in 29 districts 
to target intervention efforts and track community progress toward ODF. 
Community-level sanitation action groups collect household-level hygiene 
and sanitation information on paper forms, aggregate to the community-
level and submit via mobile phone into the DHIS2 decision support 
platform. Automated data validations, dashboards and reports are then 
fed back to community, district, traditional leadership and central level 
stakeholders. Monthly reporting rates in the system exceed 85% thanks 
to the dedication of community volunteers and traditional leaders, further 
reinforced by informed, timely feedback provided by districts using DHIS2. 
National progress toward ODF is substantial. Over 1,500,000 new users of 
improved sanitation have been produced in less than 2 years. Further one 
full district is already certified as ODF, the first documented instance of its 
kind in southern Africa and more likely to be certified later in 2015. Cost 
savings have been substantial. Districts implementing CLTS through the 
mobile-to-web platform save, on average, 34% in total implementation 
costs compared to districts implementing CLTS without mobile-to-web. 
Zambia is now scaling mobile-to-web CLTS to 46 districts and the system 
is being augmented to include indicators measuring village-level access 
to safe, clean drinking water. We will discuss challenges, solutions and 
opportunities in developing and sustaining real-time monthly monitoring 
across thousands of villages in resource-deprived settings.

24
PROGRESS TOWARD COMMUNITY ACHIEVEMENT OF OPEN-
DEFECATION FREE BEFORE AND AFTER INVOLVEMENT OF 
TRADITIONAL LEADERS IN ZAMBIA

Amy Tiwari1, Scott Russpatrick1, Chinyama Lukama2, Paul 
Mboshya2, Tumba Mupongo1, Engervell Musonda2, Anne 
Mutunda1, Joseph Ngambi3, Ilenga Nkhata1, Nicolas Osbert3, 
Goeffrey Saloka4, Rabson Zimba1, Benjamin Winters1, David A. 
Larsen5

1Akros, Lusaka, Zambia, 2Ministry of Local Government and Housing, 
Lusaka, Zambia, 3UNICEF Zambia Country Office, Lusaka, Zambia, 4Ministry 
of Chiefs and Traditional Affairs, Lusaka, Zambia, 5Syracuse University, 
Syracuse, NY, United States

Community-led total sanitation (CLTS) is a behavior change intervention 
intended to cease the practice of open defecation, a leading risk factor 
for the transmission of diarrheal disease and soil-transmitted helminths. 
CLTS engages district and sub-district agents who ‘trigger’ communities 
by clearly illustrating fecal transmission between open-defecation piles 
and common food sources, rousing the collective disgust and pride of 
residents; households are subsequently encouraged to build latrines in 
effort to become open defecation free (ODF). The Zambia Ministry of 
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Local Government and Housing implements CLTS through community 
champions who use mobile phones to transmit monthly data on latrine 
coverage and adequate sanitation for each of roughly 13,000 villages 
in rural districts. These data post to an instance of DHIS2, a web-
based decision management system, which then pushes feedback to 
various stakeholders. We devised one such automatic feedback loop - a 
mechanism for routing intervention impact data - for traditional leaders 
who are outfitted with tablet computers which display DHIS2 data for 
the relevant chiefdom. The mobile-to-web CLTS system has been rolled 
out in 14,020 villages across 29 districts in Zambia, with plans to scale 
nationwide. A total of 47 out of 71 chiefdoms have been oriented into 
the system. Before chiefdom orientation only 12.8% of triggered villages 
achieved ODF; after chiefdom orientation mean progress was doubled 
with 25.6% of remaining villages achieving ODF. Further nine Chiefdoms 
are verified as ODF. The engagement of traditional leaders is an important 
consideration for interventions requiring community engagement, though 
there are certain limitations. Some of the chiefs in Zambia are less engaged 
in the push toward ODF and some chiefdoms are in dispute limiting 
their effectiveness in engaging the community. In Zambia feedback of 
data empowers traditional leaders and is likely to have impact in other 
sectors beyond sanitation. In areas without traditional leaders feedback 
to community-level stakeholders may elicit a similar response in the 
community.

25
SOIL-TRANSMITTED HELMINTH CONTAMINATION OF SOIL IN 
RURAL KENYAN HOUSEHOLDS

Lauren E. Steinbaum1, Kara Nelson2, Ayse Ercumen2, Laura 
Kwong1, Jimmy Kihara3, Sammy Njenga3, Alexandria Boehm1, 
Jenna Davis1, Clair Null4, Amy Pickering1

1Stanford University, Stanford, CA, United States, 2University of California, 
Berkeley, Berkeley, CA, United States, 3Kenya Medical Research Institute, 
Nairobi, Kenya, 4Emory University, Atlanta, GA, United States

Globally, about 1.5 billion people are infected with at least one species of 
soil-transmitted helminth (STH). We developed a method to test for STH 
in soil and conducted a pilot study to determine the prevalence of STH in 
soil among rural households in Kenya. We adapted the US EPA method for 
detecting and enumerating Ascaris in biosolids via microscopy to identify 
STH eggs in soil. Soil was seeded with a known number of Ascaris suum 
eggs and then processed to determine a recovery efficiency of 73%. 
Viability of the eggs was not determined, although an incubation step 
could easily be added to allow determination of viability. We conducted 
a pilot study from June to September 2014 in Kakamega, Kenya to 
characterize the prevalence of soil-transmitted helminth contamination 
of household soils using a version of the method described above. Field 
staff collected soil samples from the household entrance and the latrine 
entrance (if present) from each household. We found that 27% of 
households (N=67) had at least one type of STH egg in the soil. Ascaris 
was the most common STH detected at the household-level (19%), 
followed by Trichuris (9%), and hookworm (1%). Prevalence of any STH 
egg in soil was slightly higher at the household entrance (19%, N=67) 
compared to the latrine entrance (11%, N=62), but the difference was 
not statistically significant (p=0.31). Among positive samples, the median 
STH concentration was 0.7 eggs/g dry soil. Detection of soil-transmitted 
helminth eggs in soil at almost one-third of households suggests that child 
exposure to soil may be a substantial health risk. Contamination of the 
soil at both the house and latrine entrances could indicate that there are 
multiple sites of helminth transmission and exposure within the home. 
The results from this study will inform soil sampling methods in a large 
randomized controlled trial to assess the impact of improved sanitation on 
levels of STH in household soil.

26
WASH FOR WORMS: A CLUSTER RANDOMIZED 
CONTROLLED TRIAL OF THE IMPACT OF A COMMUNITY-
BASED WASH PROGRAM ON SOIL-TRANSMITTED HELMINTH 
INFECTIONS IN TIMOR-LESTE - MID-POINT RESULTS AT SIX 
MONTHS FOLLOW-UP

Susana V. Nery1, Suzy Campbell1, Stacey Llewllyn2, Ross 
Andrews3, Darren Gray1, Rebecca Traub4, James S. McCarthy2, 
Archie Clements1

1Australian National University, Canberra, Australia, 2QIMR Berghofer 
Medical Research Institute, Brisbane, Australia, 3Charles Darwin University, 
Darwin, Australia, 4University of Melbourne, Melbourne, Australia

Soil-Transmitted Helminths (STH) are most prevalent in communities 
lacking adequate clean water, sanitation and hygiene (WASH). 
Deworming programmes with anthelminthic drugs are highly effective in 
reducing morbidity but rapid reinfection occurs if there is no reduction 
in environmental contamination with infective stages, impeding the 
sustainability of STH control programmes based on deworming alone. 
“WASH for Worms” is a cluster randomised controlled trial (RCT) assessing 
the impact of a community-based WASH intervention, implemented 
by WaterAid Australia, on infection with intestinal parasites following 
mass albendazole (ALB) chemotherapy in villages in Timor-Leste. In this 
trial, initiated in 2012, twelve intervention villages receive the WASH 
programme and ALB treatments every six months. Twelve control villages 
receive only the six-monthly ALB. All villages are followed-up for two 
years after the first ALB distribution. Infection prevalence and intensity 
is measured by a modified qPCR. An overview of the study design and 
implementation progress will be presented. Additionally, the prevalence 
and intensity of STH infections at baseline and after the first (6-monthly) 
follow-up will be discussed and compared across trial arms. At baseline 
the prevalence of STH in the 24 villages was high, with more than 70% 
of the 2225 participants who provided stools infected with at least one 
STH, mostly comprising Necator americanus (62.3%) followed by Ascaris 
lumbricoides (30.4%). At the first follow-up the overall prevalence of 
STH infection decreased to 46.3%, with 34.6% of the 1630 participants 
who provided stools infected with N. americanus and 21.0% infected 
with A. lumbricoides. In the intervention arm, N. americanus decreased 
from 62.8% to 32.2% whereas A. lumbricoides decreased from 31.6% 
to 22.0%. In the control group, N. americanus decreased from 61.8% to 
36.9% whereas A. lumbricoides decreased from 29.2% to 20.1%.This trial 
is the first reported RCT evaluating the impact of integrated WASH and 
deworming programmes on infection with STHs; and will provide essential 
evidence for scaling up integrated programmes for STH control.

27
FECAL MARKERS OF ENVIRONMENTAL ENTEROPATHY ARE 
ASSOCIATED WITH ANIMAL EXPOSURE AND CAREGIVER 
HYGIENE IN RURAL BANGLADESH

Christine M. George1, Lauren Oldja1, Shwapon Biswas2, Jamie 
Perin1, Gwenyth O. Lee1, Shahnawaz Ahmed2, Rashidul Haque2, 
R. Bradley Sack1, Tahmina Parvin2, Ishrat J. Azmi2, Sazzadul Islam 
Bhuyian2, Kaisar A. Talukder2, Abu G. Faruque2

1Johns Hopkins University, Baltimore, MD, United States, 2International 
Center for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh

Recent estimates by the World Health Organization (WHO) report that a 
quarter of children under five years of age are stunted globally. There is 
a growing body of literature indicating an association between stunting 
and environmental enteropathy (EE), a disorder defined by abnormal 
intestinal morphology, reduced intestinal barrier function, and increased 
inflammation. To determine if household unsanitary environmental 
conditions were significantly associated with environmental enteropathy 
and stunting in children, we conducted a cross-sectional study of 
216 children(<30 months) in rural Bangladesh. Stool was analyzed 
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for fecal markers of environmental enteropathy: alpha-1-antitrypsin, 
myeloperoxidase, and neopterin combined to form an environmental 
enteropathy disease activity(EE) score, and calprotectin. We observed a 
significant association between having an animal corral in a child’s sleeping 
room and elevated EE scores (1.0 point difference, 95% confidence 
interval (CI): 0.13,1.88) and stunting(height for age z-score <-2) (Odds 
Ratio(OR): 2.53, 95% CI: 1.08,5.43), after adjusting for potential 
confounders. In addition, children of caregivers with visibly dirty hands 
had significantly elevated fecal calprotectin(µg/g )( 384.1, 95% CI: 152.37, 
615.83). These findings suggest that close contact with animals and 
caregiver hygiene are potential risk factors for environmental enteropathy 
in young children. These findings are consistent with the hypothesis that 
unsanitary environmental conditions can potentially lead to environmental 
enteropathy in susceptible pediatric populations.

28
HOUSEHOLD SANITATION AND HYGIENE INDICATORS OF 
ENTERIC PATHOGEN TRANSMISSION AND CHILDHOOD 
DIARRHEAL EXPOSURE RISK IN MIRZAPUR, BANGLADESH 

Kurt Z. Long1, Shamsir Ahmed2, Abul S. Faruque2, Tahmeed 
Ahmed2, Inong Gunanti1, Mohammad E. Hoque2, Sumon K. Das2, 
Shahnawaz Ahmed2, Dilruba Nasrin3, James P. Nataro4, Karen 
Kotloff3, Myron M. Levine3

1Swiss Tropical and Public Health Institute, Basel, Switzerland, 
2International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, 
Bangladesh, 3University of Maryland Medical School, Baltimore, MD, 
United States, 4University of Virginia Medical School, Charlottesville, VA, 
United States

The effectiveness of water quality, sanitation and hygiene (WASH) 
interventions in reducing diarrheal disease can be strengthened through 
the identification of enteric pathogen transmission pathways. Our aim was 
to determine associations between significant diarrheal pathogens among 
rural Bangladeshi children and potential pathogen sources and household 
risk factors that may make up such transmission pathways. Stools collected 
from children aged < 59 months with moderate-to-severe diarrhea (MSD) 
and matched healthy controls enrolled in the Bangladeshi component of 
the Global Enteric Multicenter Study (GEMS) were screened for enteric 
pathogens. Multinomial logistic regression was used to determine 
associations of Shigella flexneri, Cryptosporidium spp, enterotoxigenic 
Escherichia coli (ETEC), rotavirus and Aeromonas outcomes with WASH 
measures. Children from households with improved sanitation facilities 
and disposed children’s feces had lower S. flexneri and Cryptosporidium 
diarrhea risk. Cryptosporidium diarrhea risk was higher when cow dung 
was used as fuel and mothers did not wash hands before eating. Children 
from households with toilets and that disposed children’s feces had lower 
ETEC infection risk when no handwashing was practiced after cleaning 
a child, following defecation and before cooking, respectively. Rotavirus 
diarrhea was lower among children from households with deep tube wells 
when no hand washing was practiced after handling of animals. Finally, 
children from households with improved sanitation facilities and whose 
mothers washed hands before nursing had lower Aeromonas diarrhea. 
We have identified household sources and factors that are critical points 
in pathogen transmission pathways and children’s exposure to selected 
enteric pathogens and shown how distinct hygiene behaviors may modify 
these pathways. These findings have important implications for the 
development of more cost-effective intervention that reduce pathogen 
exposure risk and overall diarrheal burden through targeted interventions 
that focus on critical points in pathogen-specific transmission pathways.

29
HIGH RATES OF CHAGAS DISEASE CO-INFECTION IN HIV-
INFECTED BOLIVIANS

Natalie M. Bowman1, Daniel Clark2, Jeong Choi3, Mauricio 
Dorn4, Enzo Fortuny5, Omar Gandarilla5, Roxana Bravo Nevarro4, 
Clare Sepping6, Jorge Flores4, Roni Colanzi7, Leny Sanchez8, Lisbeth 
Ferrufino5, Anne Palumbo5, Gerson Galdos Cardenas9, Maritza 
Ramirez Jaldin8, Eliana Saenza Vasquez5, Janeth Acosta8, Manuela 
Verastegui8, Caryn Bern10, Robert H. Gilman9

1University of North Carolina, Chapel Hill, Chapel Hill, NC, United 
States, 2Vanderbilt University, Nashville, TN, United States, 3University 
of California, Davis, Davis, CA, United States, 4Hospital San Juan de 
Dios, Santa Cruz, Plurinational State of Bolivia, 5AB PRISMA, Santa Cruz, 
Plurinational State of Bolivia, 6London School of Tropical Medicine & 
Hygiene, London, United Kingdom, 7Universidad Catolica Boliviana, 
Santa Cruz, Plurinational State of Bolivia, 8Universidad Peruana Cayetano 
Heredia, Lima, Peru, 9Johns Hopkins Bloomberg School of Public Health, 
Baltimore, MD, United States, 10University of California, San Francisco, San 
Francisco, CA, United States

Chagas disease, caused by protozoa Trypanosoma cruzi, affects 8-12 
million Latin Americans. Reactivation Chagas disease with microscopy-
positive parasitemia can manifest with severe neurological and cardiac 
symptoms in patients with advanced HIV, but there are few systematic 
studies of the syndromes of coinfection. We recruited hospitalized 
HIV-infected patients from the emergency or inpatient departments of 
Hospital San Juan de Dios in Santa Cruz, Bolivia to better characterize 
the epidemiology and clinical spectrum of HIV/T. cruzi coinfection. All 
subjects underwent interview, physical examination, and laboratory 
testing. Parasitemia was quantified using RT-PCR. T. cruzi infection was 
defined as a positive result by 2 serological tests or parasites detected by 
microscopy or PCR. CD4 counts and HIV viral loads were performed by 
the Bolivian government agency CENETROP. 157 HIV-infected subjects (54 
women, 103 men) were recruited, and 37 of 150 (25%) were infected 
with T. cruzi. 28 subjects (80% of T. cruzi-infected subjects) had PCR-
detectable parasitemia ranging from 0.71-556,726 parasites/ml. Sex was 
not related to T. cruzi infection, but coinfected subjects were almost 6 
years older (p=0.01). T. cruzi infected subjects had higher CD4 counts 
(median 307 vs. 134, p=0.03); among coinfected subjects, CD4 counts 
were lower in subjects with PCR-detectable parasitemia (median 161 vs. 
563, p=0.09) and HIV viral loads were higher (median 597 vs. 65,357.5 
p=0.01). Prevalence of T. cruzi infection in HIV-positive people in our study 
was high, reflective of the high burden of disease in Bolivia. Parasites were 
detectable by RT-PCR in most coinfected subjects and were more prevalent 
in those with advanced HIV. A more refined definition of reactivation 
Chagas disease is needed that incorporates the increased sensitivity of PCR 
technology and characteristic clinical manifestations in order to define the 
epidemiology of HIV/T. cruzi coinfection and guide studies of treatment 
and prophylaxis of these patients.

30
A PROSPECTIVE COHORT STUDY TO ASSESS THE EFFECT OF 
COTRIMOXAZOLE PROPHYLAXIS IN HIV-EXPOSED CHILDREN 
ON MALARIA IN SOUTHERN MALAWI

Nyanyiwe M. Mbeye1, Zinenani Truwah1, Misho Chibwe1, 
Thandile Nkosi1, Ndamiwe Mweso1, Feiko O. ter Kuile2, Kamija S. 
Phiri1
1Malawi College of Medicine, Blantyre, Malawi, 2Liverpool School of 
Tropical Medicine, Liverpool, United Kingdom

A number of studies on the use of malaria chemoprophylaxis have 
reported an increase in episodes of malaria and other morbidities in the 
year following termination of prophylaxis. Cotrimoxazole prophylaxis (CPT) 
is given to HIV exposed but not infected children until HIV infection can 
be excluded and the child is no longer exposed through breastfeeding. 
CPT may provide effective prophylaxis against malaria, and may modulate 
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the development of malaria-specific immunity. It is unclear if cessation of 
chemoprophylaxis in these circumstances is associated with a rebound 
in malaria disease. We have studied the protective efficacy of CPT and 
determined if there was an increased risk of malaria after cessation. 
We recruited a birth cohort at 6 weeks of age of HIV exposed (HIV-
exp) children who were prescribed CPT for 12 months at the PMCT 
clinic in Zomba, Malawi. Simultaneously age and residency-matched 
non-HIV exposed children who were not on CPT were recruited from 
the community. Both cohorts were systematically followed until their 
second birthday. HIV-exp children who stopped breastfeeding (usually 
at 12 months) were tested for HIV and those who tested negative had 
CPT stopped. All children were encouraged to come to the research 
clinic at anytime for all morbidities. Data on malaria-related and all-
cause OPD visits, admissions and deaths was collected over the 2 years 
of follow-up. We recruited 500 HIV exposed and 500 HIV non-exposed 
children. Recruitment and follow-up is now complete and analysis is 
on going. Results will be presented at the conference and will enhance 
an understanding of the implications of this HIV prevention strategy on 
malaria and hence directly inform the policies on HIV and malaria control 
in areas where both diseases are endemic.

31
RISK FACTORS, SEXUAL BEHAVIOR AND HIV PREVALENCE 
AMONG MEN WHO HAVE SEX WITH MEN (MSM) IN LOME, 
TOGO

Horacio Ruisenor-Escudero1, Vincent Pitche2, Simplice 
Anato3, Dometo Sodji4, Jules Tchalla4, Ashley Grosso5, Sosthenes 
Kathende5, Stefan Baral5
1Michigan State University, East Lansing, MI, United States, 2Conseil 
National de Lutte contre le SIDA et les IST, Lome, Togo, 3Arc-en-ciel, Lome, 
Togo, 4Famme, Lome, Togo, 5Johns Hopkins Bloomberg School of Public 
Health, Baltimore, MD, United States

Men who have sex with other men (MSM) have been consistently 
identified to be at higher risk of HIV infection and transmission. In Togo, 
there is limited epidemiological information about HIV prevalence, risk 
factors and behaviors that render them at higher risk of infection. Three 
hundred and fifty four MSM ≥18 years of age were recruited using 
respondent driven sampling (RDS) for a cross-sectional survey in Lome, 
Togo. Participants completed a structured questionnaire. Participants 
were tested for HIV and syphilis. Statistical analysis included RDS-
weighted proportions, bootstrapped confidence intervals and logistic 
regression models. Mean age was 22 years; 71.5% were between 18 
and 24 years. Ever having anal sex without a condom was reported by 
155 (43.8%) MSM. In the final RDS-weighted multiple logistic regression 
model, higher risk of HIV infection was observed among MSM who 
were 25 years or older (RDS aOR=7.4, 95% CI=2.3-23.6) and among 
those reporting community/social stigma and discrimination (RDS 
aOR=2.1,95%CI=1.2-3.9). MSM who reported having sex with another 
man for the first time when they were 18 years of age or older had lower 
risk of HIV infection (RDS aOR=0.03, 95% CI=0.0-0.03). RDS weighted 
HIV prevalence was 9.2% (5.4%-13.2%) and syphilis RDS weighted 
prevalence was 1.3% (0.0-2.9%). Results indicate that HIV prevalence in 
MSM is approximately three times that of the general population, making 
it a priority group for HIV prevention, care and treatment services in Togo. 
Individual level, social, community and public policy factors might all be 
affecting the HIV epidemic within this key population and should be seen 
as targets for interventions. Multilevel approach is required to address risk 
of HIV infection. Community and social interventions to address stigma 
and policy change should be key to fight the epidemic in Lome.

32
INTRA-VAGINAL PRACTICES AND STRETCHING OF THE LABIA 
MINORA MAY CONTRIBUTE TO AN INCREASED RISK OF STI/
HIV INFECTION IN MOZAMBIQUE

Carolyn M. Audet, Charlotte Buehler, Meridith Belvins, Ann 
Green, Troy D. Moon
Vanderbilt University, Nashville, TN, United States

The magnitude of risk for HIV and sexually transmitted infection (STI) 
acquisition among women in sub Saharan Africa (SSA) is unparalleled. 
In 2011, HIV prevalence among pregnant women in Mozambique was 
estimated to be 16%. Intra-vaginal drying/ tightening and stretching of 
the labia minora may contribute to an increased risk of STI/HIV infection. 
We sought to describe the intra-vaginal and labia stretching practices of 
women in Zambézia Province, Mozambique. A 2014 population-based 
survey gathered information from 3892 female heads of household 
from 255 enumeration areas across 14 districts. Kriging analyses using 
Geographic Information Systems (GIS) were used to map spatial patterns 
of traditional vaginal practice prevalence in three heavily sampled 
districts, and statistical analyses were conducted to estimate associations 
of covariates with vaginal practices. To determine if specific vaginal 
practices were associated with HIV infection, we modeled the probability 
of HIV diagnosis at last pregnancy among 810 women who reported HIV 
test receipt at ANC using multivariable logistic regression with robust 
covariance estimates. Among all women surveyed, 56% were planning 
to use intra-vaginal substances for drying/ tightening in the next year. 
Almost 100% of women who had heard of labia stretching reported they 
either had or planned to undergo labia stretching in the coming year. 
From inspection of GIS maps, both practices varied remarkably intra- and 
inter-district. There was a bivariate association between women who 
planned to use intra-vaginal substances and HIV infection (p=0.049), but 
this relationship was not detected in our multivariable model (p=0.21). 
Given the association between intra-vaginal agent use and STIs/ bacterial 
vaginosis and the potential link between vaginal infections and HIV 
acquisition, understanding local practices may be an essential first step to 
addressing high rates of HIV in young women.

33
A CLINICAL SNAPSHOT OF HOSPITALIZED, NEWLY 
DIAGNOSED, HIV-POSITIVE MALAWIAN CHILDREN REVEALS 
OPPORTUNITIES FOR IMPROVED HIV HEALTHCARE DELIVERY

Theresa Madaline1, Sarah Hochman1, Karl Seydel2, Terrie Taylor2, 
Alice Liomba3, Alex Saidi3, Grace Matebule4, Lario Chigaru4, 
Bernadette O’Hare3, Dan Milner5, Kami Kim1

1Albert Einstein College of Medicine, Bronx, NY, United States, 2Michigan 
State University, East Lansing, MI, United States, 3University of Malawi 
College of Medicine, Blantyre, Malawi, 4Queen Elizabeth Central Hospital, 
Blantyre, Malawi, 5Harvard Medical School, Boston, MA, United States

In Malawi, all HIV-positive children under 5 years old qualify for 
antiretroviral treatment (ART), but CD4+ T cell quantification (CD4 
count), when available, or WHO clinical staging of HIV severity is used 
to determine ART eligibility for children ≥5 years old. Few studies have 
examined the clinical or immunological status of older children with 
newly diagnosed HIV infection. We studied children ≥ 18 months of age 
admitted to Queen Elizabeth Central Hospital in Blantyre, Malawi, from 
May 2013-June 2014. Initial HIV testing followed the WHO-recommended 
serial testing algorithm using HIV rapid diagnostic tests (RDT) Determine 
and Uni-Gold. Guardians of 222 children with positive HIV RDT consented 
to CD4 count and HIV-1 RNA PCR (HIV VL) while in hospital. We examined 
age, discharge diagnosis, total and percent CD4 count, HIV VL, and clinical 
HIV stage using 2013 WHO guidelines. Median age of the children was 
48 months (range 18-192 months) and median absolute CD4+ T-cell 
count was 541 cells/mm3 (range 1-3888 cells/mm3). Of the 182 subjects 
with HIV VL results, 16 had low (<1000 copies/ml) or undetectable HIV 
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VL, prompting confirmatory HIV Western Blot and Enzyme Immunoassay. 
Ten out of 16 patients had positive confirmatory HIV serological testing, 
consistent with elite-controller status, while 6 had negative confirmatory 
test results, indicating that 3.3% of children incorrectly reported to have 
positive HIV RDTs were not HIV seropositive. The most common reasons for 
hospitalization were sepsis (n=43, 19%), pneumonia (n=42, 19%), malaria 
(n=38, 17%), malnutrition (n=36, 16%), and meningitis (n=14, 6%). 
There was poor correlation between clinical and immunologic staging. Of 
patients aged ≥5 years (n=106), 33% (n=35) qualified for ART by CD4 
count but would have been ineligible by WHO clinical stage alone. These 
findings highlight the importance of regular quality assessment and need 
for confirmatory testing prior to initiating ART, and support the current 
WHO algorithm of routine staging of all children, initiation of ART in 
children who are WHO stage III or IV, and obtaining CD4 count in children 
who are stage I or II.

34
MENTAL HEALTH OF HIV+ FEMALE CAREGIVERS IN 
RURAL UGANDA. IMPLICATIONS FOR RESEARCH AND 
PROGRAMMING

Itziar Familiar-Lopez1, Horacio Ruisenor-Escudero1, Michael J. 
Boivin1, Neoline Nakasujja2, Robert Opoka2, Judith K. Bass3

1Michigan State University, East Lansing, MI, United States, 2Makerere 
University, Kampala, Uganda, 3Johns Hopkins Bloomberg School of Public 
Health, Baltimore, MD, United States

In Sub-Saharan Africa the intersection of mental health and HIV/
AIDS frequently constitutes a double burden for HIV+ caregivers. 
The physiological and psychological effects of HIV disease, the effect 
of antiretroviral therapies, social stressors (including stigma and 
discrimination), and financial strains associated all inform the mental 
health status of women living this the disease. Findings from three studies 
in rural eastern Uganda assessing mental health of HIV+ caregivers of HIV 
infected and affected children showcase potential research and clinical 
implications for global health. In our first two studies, results suggest that 
caregiver’s depression can significantly bias parent-reported ratings. First, 
caregivers (N=150) with greater depressive symptoms (as measured by 
the Hopkins Symptom Checklist-HSCL) reported their children as having 
more behavioral problems related to executive functioning (as measured 
by the Behavior Rating Inventory of Executive Function-BRIEF) (b=11.0, 
t(150)=3.97, p<0.01), with the association being stronger in HIV-infected 
as opposed to HIV-exposed children. Caregivers (N=118) from a second 
study with higher depressive symptoms in the HSCL reported more 
Internalizing (b=.25, t(118)=2.29; p=.02) and Total Problems (b=.22, 
t(118)=2.23; p=.03) in the Child Behavior Check List (CBCL) evaluating 
their children. Finally, a third study including 288 HIV-positive women; 
most of who were the biological mothers (98%) of HIV affected children, 
we found that lower family support was significantly associated with 
higher depressive symptoms (b= -.10, t (286)= -2.61, p= .01), while 
higher socio-economic status predicted less depression (b= -.16 t (34)= 
-.47, p=.01). Findings highlight the relevance of maternal mental health 
and on identifying and addressing the mental health concerns of HIV 
infected mothers, which can allow for research design and adjustment, 
for planning community-level programs aimed at identifying and treating 
depression, and enhanced child development through maternal well-
being.

35
TRACKING DEVELOPMENT ASSISTANCE FOR THE 
PREVENTION AND TREATMENT OF HIV/AIDS, 1990-2014

Joseph Dieleman, Lavanya Singh, Elizabeth Johnson, Casey 
Graves, Annie Haakenstad
Institute for Health Metrics and Evaluation, University of Washington, 
Seattle, WA, United States

Millennium Development Goal (MDG) six focuses on halting the spread 
of HIV/AIDS. Since this goal was established, more resources have been 
devoted to combat HIV/AIDS in low- and middle-income countries than 
any other cause of illness. This presentation will cover findings related to 
tracking the development assistance for health (DAH) disbursed for the 
prevention and treatment of HIV/AIDS. We extract data from the Institute 
for Health Metrics and Evaluation’s Financing Global Health 2014 report. 
This report systematically tracks DAH from 1990 to 2014, splits disbursed 
DAH into 15 health focus areas, and draws data from all the major 
international development agencies engaged in combating HIV/AIDS. The 
sources of the funds, primary channels of delivery, and country recipients 
of DAH are reported. Since 2000, $100.4 billion of DAH has been provided 
for HIV/AIDS. In 2014 alone, $10.9 billion was disbursed. Between 2000 
and 2010, DAH for HIV/AIDS grew at an annualized rate of 22.5%. Since 
2010, the annualized rate of growth has only been 0.7%. The United 
States government was the largest source of DAH for HIV/AIDS during 
this period, proving $56.5 billion, or 56.3% of the total, since 2000. 
81.0% of the DAH for HIV/AIDS from the US was channeled through US 
government agencies, while 9.2% was channeled through the Global 
Fund to Fight AIDS, Tuberculosis, and Malaria. The Bill & Melinda Gates 
Foundation was the largest private organization providing DAH targeting 
HIV/AIDS, furnishing $3.3 billion since 2000. Of DAH for HIV/AIDS that 
could be tracked to a single recipient country, 38.6% was disbursed to 
sub-Saharan Africa. Across all recipient countries, an average of $3,600 
of HIV/AIDS DAH per HIV/AIDS disability-adjusted life-year (DALY) was 
disbursed between 2000 and 2014. With the post-MDG era in sight, these 
estimates and trends hold lessons for future global health ambitions and 
the unfinished agenda of the MDGs.

36
THE ABILITY OF CHIKUNGUNYA TO REEMERGE IN A 
PREVIOUSLY EXPOSED POPULATION

Henrik Salje1, Simon Cauchemez2, Isabel Rodriguez-Barraquer1, 
Maria Theresa Alera3, Butsaya Thaisomboonsuk4, Anon 
Srikiatkhachorn5, Catherine B. Lago3, Daisy Villa6, Chonticha 
Klungthong4, Stefan Fernandez4, John M. Velasco3, Vito G. 
Roque Jr7, Ananda Nisalak4, Louis Macareo4, Jens W. Levy4, Derek 
Cummings1, In-Kyu Yoon4

1Johns Hopkins School of Public Health, Baltimore, MD, United States, 
2Institut Pasteur, Paris, France, 3Philippines-Armed Forces Research Institute 
of Medical Sciences, Cebu, Philippines, 4Armed Forces Research Institute 
of Medical Sciences, Bangkok, Thailand, 5University of Massachusetts, 
Worcester, MA, United States, 6Cebu City Health Department, Cebu, 
Philippines, 7National Epidemiology Center, Manilla, Philippines

Chikungunya is a mosquito-transmitted alphavirus, causing potentially 
severe disease manifestations that can last for many months or even 
years. There have been a number of large-scale outbreaks in recent 
years. However, it is unclear if the virus will become established in 
these populations. This knowledge gap is unsurprising as the locations 
of chikungunya outbreaks are often unpredictable and local immunity 
levels at the start of an epidemic are usually unknown. In addition, 
many surveillance systems have not historically recorded cases. To help 
address this gap, we used data from two studies conducted in the same 
community in Cebu, Philippines 39 years apart (in 1973 and 2012). In 
both studies, individuals of all ages (N=150 in the 1973 study, N=854 
in the 2012 study) were tested for evidence of historic exposure using 
neutralization tests. The proportion of seropositive individuals varied 
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greatly by age in both studies. In particular, no one under the age of 14 
in the 2012 study had been exposed (out of 316 tested) compared to 
28% overall, suggesting an absence of chikungunya since before 2000. 
We used the age of individuals and serostatus to estimate the proportion 
of the population that was infected in each year between 1950 and 
2012. We used historical census records to estimate the proportion of 
the population that remained susceptible to infection at any time point. 
Overall our models identified four short-lived outbreaks since 1950 (in 
1968, 1986, 1993 and 1999), with an average of 24% of the susceptible 
population infected following each introduction (range: 16% to 37%). 
These dates are consistent with historical case reports from the area. We 
estimated that at least half of the population remained susceptible in 
any year with an average of 56% unexposed, suggesting there existed a 
significant pool of people capable of becoming infected at any time point. 
These findings are consistent with occasional introductions resulting in 
brief but rapid dispersal of the virus, followed by long absences. Local 
environment, in particular climactic factors and regional human movement 
patterns may drive these observations.

37
CLINICOPATHOLOGIC CHARACTERISTICS AND 
IMMUNOLOCALIZATION OF VIRAL ANTIGENS IN 
CHIKUNGUNYA-ASSOCIATED FATAL CASES- PUERTO RICO, 
2014

Tyler M. Sharp1, Wun-Ju Shieh2, Rebecca Levine2, Dianna M. 
Blau2, Jose V. Torres3, Aidsa Rivera1, Janice Perez-Padilla1, Dana 
Thomas4, Julu Bhatnagar2, Dianna Ng2, M. Kelly Keating2, 
Elizabeth Hunsperger1, Jorge Munoz-Jordan1, Dario Sanabria3, 
Brenda Rivera Garcia4, Harold S. Margolis1, Sherif R. Zaki2
1Centers for Disease Control and Prevention, San Juan, PR, United States, 
2Centers for Disease Control and Prevention, Atlanta, GA, United States, 
3Insituto de Ciencias Forenses de Puerto Rico, San Juan, PR, United States, 
4Puerto Rico Department of Health, San Juan, PR, United States

Chikungunya virus (CHIKV)-related deaths are uncommon and usually 
occur in neonates exposed intrapartum, older adults, or people with 
underlying medical conditions. We describe the epidemiology and 
histopathologic findings for people that died and had evidence of acute 
CHIKV infection during an outbreak in Puerto Rico in 2014. We identified 
patients who died following an acute febrile illness and had CHIKV RNA 
detected by RT-PCR in a pre-mortem serum specimen, or in serum or 
tissue specimens collected at autopsies. Immunohistochemical staining 
for CHIKV antigen was performed on post-mortem tissue specimens. 
Data from medical records, autopsy findings, family interviews, and 
diagnostic test results were compiled. We identified 26 people who 
died in Puerto Rico during May-December 2014 and had laboratory 
evidence of acute CHIKV infection. Median age was 61 years (range: 6 
days-85 years) and 16 (62%) were male. All had ≥1 underlying medical 
condition, most frequently hypertension (54%), diabetes (46%), and 
obesity (35%). Seven (27%) people died at home without seeking medical 
care. Median day of death post-illness onset was 6 (range: 1-28) for the 
18 (69%) cases where these data were available. Of 21 cases with post-
mortem tissue available for evaluation, CHIKV antigen was detected 
in 10 (48%). Common histopathologic findings included intraalveolar 
hemorrhage and edema. Viral antigen was detected in multiple organs, 
predominantly in mesenchymal tissues and cells of the mononuclear 
phagocytic system. CHIKV RNA was detected in the serum or tissue of 
26 people who died during a chikungunya outbreak in Puerto Rico. All 
had comorbid conditions and most were older adults. Half of the patients 
evaluated had viral antigen detected in post-mortem tissue. Evaluation 
of autopsy tissue from patients infected with CHIKV provides evidence 
on the pathologic consequences of the disease that cannot be gained by 
diagnostic laboratory testing alone. This underscores the importance of 
enhanced surveillance, autopsies, and tissue-based diagnostic testing in 
understanding mortality associated with an emerging infectious disease. 

38
EXPOSURE OF EPITOPE RESIDUES ON THE OUTER FACE OF 
THE CHIKUNGUNYA VIRUS ENVELOPE TRIMER DETERMINES 
ANTIBODY NEUTRALIZING EFFICACY

Rachel H. Fong1, Soma S. Banik1, Kimberl-Anne Mattia1, Trevor 
Barnes1, David Tucker1, Nathan Liss2, Kai Lu2, Suganya Selvarajah2, 
Surabhi Srinivasan1, Manu Mabila1, Adam Miller1, Marcus O. 
Muench3, Alain Michault4, Joseph B. Rucker1, Cheryl Paes1, 
Graham Simmons2, Kristen M. Kahle1, Benjamin J. Doranz1

1Integral Molecular, Inc., Philadelphia, PA, United States, 2Blood Systems 
Research Institute, San Francisco, CA, United States, 3Blood Systems 
Research Institute; Department of Laboratory Medicine, University of 
California, San Francisco, CA, United States, 4Centre Hospitalier, Groupe 
Hospitalier Sud-Reunion, La Réunion, France

Chikungunya virus (CHIKV) is a reemerging alphavirus that causes a 
debilitating arthritic disease and infects millions of people and for which 
no specific treatment is available. Like many alphaviruses, the structural 
targets on CHIKV that elicit a protective humoral immune response in 
humans are poorly defined. Here we used phage display against virus-like 
particles (VLPs) to isolate seven human monoclonal antibodies (MAbs) 
against the CHIKV envelope glycoproteins E2 and E1. One MAb, IM-
CKV063, was highly neutralizing (50% inhibitory concentration, 7.4 ng/
ml), demonstrated high-affinity binding (320 pM), and was capable of 
therapeutic and prophylactic protection in multiple animal models up to 
24 h post-exposure. Epitope mapping using a comprehensive shotgun 
mutagenesis library of 910 E2/E1 mutants with alanine mutations 
demonstrated that IM-CKV063 binds to an intersubunit conformational 
epitope on domain A, a functionally important region of E2. MAbs against 
the highly conserved fusion loop have not previously been reported but 
were also isolated in our studies. The fusion loop MAbs were broadly 
cross-reactive against diverse alphaviruses but were non-neutralizing. 
Fusion loop MAb reactivity was affected by temperature and reactivity 
conditions, suggesting that the fusion loop is hidden in infectious virions. 
Visualization of the binding sites of 15 different MAbs on the structure of 
E2/E1 revealed that all epitopes are located at the membrane-distal region 
of the E2/E1 spike. Interestingly, epitopes on the exposed topmost and 
outer surfaces of the E2/E1 trimer structure were neutralizing, whereas 
epitopes facing the interior of the trimer were not, providing a rationale 
for vaccine design and therapeutic MAb development using the intact 
CHIKV E2/E1 trimer.

39
ARTHRITIS PATHOGENESIS IN TWO MOUSE MODELS OF 
CHIKUNGUNYA VIRUS INFECTION

Brad A. Goupil, Margaret A. McNulty, Michael K. McCracken, 
Rebecca C. Christofferson, Christopher N. Mores
Louisiana State University, Baton Rouge, LA, United States

Chikungunya virus (CHIKV) is an alphavirus spread by Aedes aegypti 
and Ae. albopictus mosquitoes. Currently, an outbreak affecting more 
than 1 million people is occurring in the Caribbean and the Americas, 
representing a significant emerging threat to the United States. Generally, 
infection results in high fever and arthralgia, with resolution of symptoms 
in a few weeks. However, in 20-60% of cases, people develop a painful 
chronic relapsing arthritis lasting months to years. Currently there are 
no commercially available vaccines for CHIKV and treatment is mainly 
supportive. While persistent arthritis can be a significant and debilitating 
component of the disease, little is known about the pathogenesis. We 
hypothesize that CHIKV-induced arthritis is an erosive and inflammatory 
arthritis exhibiting articular degeneration and osteoclastic bone resorption. 
To investigate this, two mouse models exhibiting a wide spectrum of 
disease severity were employed: IRF 3/7-/- mice and wild-type C57Bl/6 mice. 
Mice were intradermally or subcutaneously inoculated with 105 pfu of 
virus [Southeast Asian strain SVO 476-96] in the hind footpad or adjacent 
to the stifle; control mice were inoculated with a sterile PBS solution. 



14

astmh.org

IRF 3/7-/- mice were sacrificed at various timepoints post inoculation and 
analyzed by micro-computed tomography to assess for changes in bone 
volume, density and morphometry and by histopathology to determine the 
pathogenesis of arthritis. Additionally, various serological parameters will 
be evaluated to assess for correlation with disease severity and potential 
utility as novel prognostic markers. Virus inoculated mice developed 
significant swelling associated with the inoculation site by 2 days post 
inoculation (dpi) and at 6 dpi had a mild pleocellular tenosynovitis and 
moderate to marked cellulitis and myonecrosis of adjacent tissues. 
Control mice had no significant gross or histological lesions. The C57Bl/6 
mouse experiment is currently ongoing. Detailed characterization of the 
pathogenesis of CHIKV-induced arthritis could provide novel targets for 
disease prevention or alternative treatment modalities.

40
CENTRAL NERVOUS SYSTEM ENTRY OF NEUROINVASIVE 
ALPHAVIRUSES IN MICE FOLLOWING PERIPHERAL ROUTE OF 
INFECTION

Amber B. Rico, Aaron T. Phillips, Charles B. Stauft, Tawfik A. 
Aboellail, Ken E. Olson
Colorado State University, Fort Collins, CO, United States

Alphaviruses most often associated with neuroinvasive disease include 
EEEV, VEEV, and WEEV. Alphavirus entry into the CNS of infected 
vertebrates after peripheral challenge is associated with hematogenous 
spread of virus although the precise entry sites are not well described. 
We determined the site of CNS entry following footpad inoculation of 
CD-1 mice using a combination of in vivo/ex vivo bioluminescence 
imaging, CLARITY, and traditional histological examination methods. 
We found a consistent pattern of virus entry among imaged brains that 
implicated circumventricular organs as the initial site for neuroinvasion. 
Confirmatory histological analyses of the imaged tissues, led to the finding 
that CNS entry by EEEV, VEEV, and WEEV likely occurs in areas of the CNS 
where the blood-brain barrier is naturally absent. These areas include 
the hypothalamus, the subfornical organ, the pineal gland, and the area 
postrema. Importantly, these results reveal a previously unrecognized 
method of alphavirus entry into the CNS.

41
SRC FAMILY KINASE INHIBITORS BLOCK ALPHAVIRUS 
STRUCTURAL AND NONSTRUCTURAL PROTEIN 
TRANSLATION IN VITRO

Rebecca Broeckel1, Jennifer Vomaske1, Craig Kreklywich1, Patricia 
Smith1, Michael Diamond2, Thomas Morrison3, Mark Heise4, Victor 
DeFilippis1, Daniel Streblow1

1Oregon Health and Science University, Beaverton, OR, United States, 
2Washington University School of Medicine, St. Louis, MO, United States, 
3University of Colorado, Aurora, CO, United States, 4The University of 
North Carolina at Chapel Hill, Chapel Hill, NC, United States

Alphaviruses are arthropod-transmitted positive-sense single-stranded 
RNA viruses that derive evolutionarily from the New World [e.g. Eastern 
(EEEV), Venezuelan (VEEV), and Western Equine Encephalitis (WEEV) 
viruses] and Old World [e.g. Chikungunya (CHIKV), Ross River (RRV), 
Semliki Forest (SFV), and Sindbis (SINV) viruses]. Two distinctive virus-
dependent pathologies are manifest during Alphavirus infection. 
Neurological disease including encephalitis is primarily associated with 
New World species and can present high mortality rates especially in hosts 
with weakened or immature immune systems as well as the young and 
aged populations. Arthralgia and inflammatory syndromes are typically 
associated with Old World species and while these are uncommonly fatal 
they can elicit incapacitating effects that persist long after viral clearance. 
Currently no FDA approved vaccines or antiviral therapeutics are available 
to prevent Alphavirus infection or treat Alphavirus-associated disease. 
Importantly, Alphavirus genomes mutate rapidly, greatly facilitating 
spontaneous changes in their host and vector ranges and virulence, and 

escape from prior immunity. However, all viruses intimately rely on host 
cellular machinery for crucial components of their replication cycles. 
Herein we screened inhibitors of host kinases using a CHIKV replication 
assay. We have identified a number of kinases as playing essential roles 
in CHIKV replication. Specifically, we found that inhibition of host Src 
family kinases blocks Alphavirus replication. Src family kinase inhibition 
blocked late events of virus replication reducing the release of infectious 
particles. While viral RNA amplification was unaffected by kinase inhibitor 
treatment, we saw a reduction in viral protein expression and reduction 
in titer and genomic copy number in the supernatant. Targeting host 
factors involved in Alphavirus replication represents an innovative, perhaps 
paradigm-shifting strategy for antiviral therapeutic development.

42
A ROLE FOR THE INTERFERON-STIMULATED EXONUCLEASE, 
ISG20, AND ITS REGULATED GENES IN THE RESTRICTION OF 
CHIKUNGUNYA VIRUS

Christopher M. Weiss1, Hanqi Tang2, William B. Klimstra1, Kate 
D. Ryman1

1University of Pittsburgh, Pittsburgh, PA, United States, 2Tsinghua 
University, Beijing, China

Chikungunya virus (CHIKV) is an arthritogenic alphavirus that has spread 
globally, causing a pandemic of acute febrile disease and viral arthritis 
across Asia, Europe and the Americas. CHIKV and related alphaviruses 
are controlled to varying degrees by the activity of effector proteins 
induced by type I interferon (IFN). We previously used a systems biology 
approach to identify interferon-stimulated genes with potential roles in 
controlling alphavirus infection. This analysis identified ISG20, a 3’-5’ 
interferon-induced exonuclease with specificity for RNA substrates, as 
having a potent antiviral effect against CHIKV and other alphaviruses. In 
the current studies, ISG20 restricted CHIKV replication immediately after 
entry through a disruption of early viral gene translation. This restriction 
appeared to be independent of direct exonuclease activity on the viral 
RNA. RNA deep sequencing analysis of cells overexpressing ISG20 revealed 
cell-wide changes in gene transcription. Notably, ISG20 overexpression 
induced a number of other known antiviral genes, including IFIT1, 
independent of IFN production. We further examined the role of IFIT1 
as a potential mediator of ISG20 restriction of CHIKV due to its related 
function in translation inhibition. Using overexpression of mouse IFIT1 
in murine fibroblasts, we demonstrated a similarly potent restriction of 
CHIKV as seen with ISG20. Our findings demonstrate a role for IFIT1 in 
the restriction of CHIKV replication and provide a possible mechanism 
by which ISG20 may indirectly inhibit translation of incoming CHIKV 
genomes. Continuing work is aimed at determining the importance of 
these two antiviral proteins using knockout mice in an established mouse 
model for CHIKV pathogenesis coupled with in vivo imaging (IVIS) for 
longitudinal monitoring of disease progression in individual mice.

43
MINIMAL TISSUE FACTOR EXPRESSION REDUCES BLOOD 
BRAIN BARRIER PERMEABILITY AND SUSCEPTIBILITY TO 
NEUROLOGICAL SYMPTOMS IN EXPERIMENTAL CEREBRAL 
MALARIA

Tara C. Bracken, Catherine Smith, Caitlin Cooper, Demba Sarr, 
Julie M. Moore
University of Georgia, Athens, GA, United States

Sequestration of Plasmodium falciparum-infected erythrocytes in the 
brain results in a severe neurological syndrome, cerebral malaria (CM). 
Although the extent to which coagulation is responsible for severe 
disease is incompletely understood, thrombosis and endothelial disruption 
likely play a significant role in CM pathogenesis and may provide useful 
diagnostic and therapeutic targets. To assess the role of Tissue Factor 
(TF) in CM-induced blood brain barrier (BBB) disruption and neurological 
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symptoms, mice with a null mutation in TF that are transgenic for human 
TF expressed at 1% of the normal level (low TF; LTF), mTF heterozygous 
littermates (LTF+/-) and TF-intact C57BL/6J (B6) mice were infected with P. 
berghei ANKA, a CM-inducing malaria strain, and were serially sacrificed 
between days 4 (ED4) and 6 (ED6) post-infection. TF procoagulant activity 
was assessed in homogenized brain samples using a one-step clotting 
assay. To assess the extent of BBB permeability, mice were injected with 
Evans blue dye and intensity of staining in the brain was quantified. 
Brain pathology was assessed in H&E-stained histological sections. Pro-
inflammatory cytokines were measured in plasma and tissue by ELISA. The 
strains exhibited varying susceptibility to CM; 47% (B6), 100% (LTF+/-), 
or 30% (LTF) of mice succumbed to CM on ED5, and 75% (B6) or 0% 
(LTF) succumbed on ED6. TF activity was increased in brains of CM-positive 
(CM+) B6 (100-fold, ED5; 10-fold, ED6), LTF +/- (1000-fold, ED5) and LTF 
(100-fold, ED5) mice versus those with uncomplicated malaria. Though 
extensive hemorrhage was seen in histological sections from CM+ B6 
and LTF+/- mice, minimal to no hemorrhage was seen in brains of CM+ 
LTF mice. Extensive Evan’s blue staining was seen in brains of CM+ B6 
and LTF+/- mice; however, LTF mice that exhibited neurological symptoms 
showed minimal, focal Evan’s blue staining. Increased TF activity in brains 
of CM+ mice and reduced BBB permeability of LTF mice together suggest 
TF is playing a significant role in the pathogenesis of CM. Ongoing studies 
are assessing the mechanisms by which this occurs, with emphasis on 
thrombin-dependent PAR1 signaling.

44
TCR USAGE IN PATHOGENIC CD4+ AND CD8+ T CELLS 
DURING EXPERIMENTAL CEREBRAL MALARIA

Joanna Chorazeczewski, Victoria Majam, Mark Kukuruga, Adovi 
D. Akue, Sanjai Kumar, Miranda S. Oakley
Food and Drug Administration, Silver Spring, MD, United States

T cells are major mediators of the pathogenesis of experimental cerebral 
malaria (ECM) in mice. While CD4+ T cells exert their pathogenic effect 
during the induction phase of disease, brain sequestered CD8+ T cells 
target endothelial cells of the blood brain barrier for destruction during the 
effector phase of disease contributing to the symptoms of ECM. Although 
it is understood that T cells play a critical role in the pathogenesis of ECM, 
the biology and diversity of the T cells that are expanded during ECM are 
poorly understood. Specifically, it is unclear whether a dominant clone of 
pathogenic T cells is expanded during ECM or whether a rare population 
is sufficient to induce ECM. To determine T cell receptor (TCR) usage by 
pathogenic T cells in ECM, we isolated highly pure populations of CD4+ 
and CD8+ T cells during the induction phase (day 3 post-infection) from 
spleen and during the effector phase (day 6 post-infection) from brain 
and spleen of P. berghei ANKA-infected C57BL/6 mice by fluorescence 
activated cell sorting (FACS). We then sequenced the complementarity-
determining region 3 (CDR3) of the TCRβ gene by template-switch 
anchored RT-PCR on RNA isolated from sorted cells. Analysis is currently 
being performed using the IMGT/V-QUEST alignment tool for TCR 
nucleotide sequences. The T cell populations under investigation are 
malaria specific (CD49b+CD11a+) CD4+ and CD8+ T cells. TCR sequences 
analysis and their association with ECM will be presented. A better 
understanding of the antigen repertoire recognized by these pathogenic T 
cells may facilitate the design of an anti-disease vaccine that could prevent 
the activation and migration of pathogenic T cells during a severe malaria 
episode.

45
IMMUNOPATHOLOGY ASSESSMENT OF CENTRAL NERVOUS 
SYSTEM IN PLASMODIUM COATNEYI-INFECTED RHESUS 
MACAQUE AS A CEREBRAL MALARIA MODEL

Piyanate Sunyakumthorn1, Sujitra Tayamun1, Laksanee 
Inamnuay1, Rawiwan Im-erbsin1, Robin L. Burke1, Arthur E. 
Brown1, Gareth D. Turner2, Eric D. Lombardini1
1Armed Forces Research Institute of Medical Sciences, Bangkok, Thailand, 
2Mahidol Oxford Tropical Medicine Research Unit, Bangkok, Thailand

Cerebral malaria (CM) is one of the major manifestations of severe 
falciparum malaria causing not only significant numbers of deaths but also 
neuro-disability in surviving patients. Relevant animal models represent 
an important way of investigating the pathogenesis of falciparum 
malaria and potential adjuvant neuroprotective treatments. Plasmodium 
coatneyi-infected rhesus macaques (Macaca mulatta) have been proposed 
as a suitable non-human primate model for human CM; however, the 
pathogenesis of disease in the model has not been well characterized. 
Here we investigated the immunohistochemical changes of the central 
nervous system (CNS) in P. coatneyi-infected rhesus macaques. Animals 
were splenectomized and infected with P. coatneyi which progressed 
to high levels of parasitemia (32-39%). All infected monkeys developed 
severe lethargy, markedly decreased mentation without coma, anemia, 
mild to moderate thrombocytopenia, and signs of hepatic and renal 
dysfunction. After euthanasia and necropsy, sections of the cerebrum, 
cerebellum, brain stem, and spinal cord were immunostained with glial 
fibrillary acidic protein (GFAP) as a marker of astroglial activation, and 
β-Amyloid precursor protein (βAPP) to detect axonal injury, both of which 
have been demonstrated in brain from human cases of CM. Staining 
patterns of fibrinogen were also examined to detect blood-brain barrier 
leakage. Generalized astrogial activation was not seen, whereas significant 
axonal injury was detected most predominantly in the brainstem and spinal 
cord. In addition, we evaluated cytokine expression levels in cerebrospinal 
fluid (CSF) from malaria-infected animals in comparison to controls. These 
demonstrated increases in inflammatory biomarkers including IL-8, IL-15, 
MCP-1, and TGF-○, which may be involved in the immunopathology of 
CM. A better understanding of CM pathogenesis and pathophysiological 
processes will facilitate research into therapeutics in the treatment of 
severe falciparum malaria.

46
PROTEOMIC ANALYSIS OF PLASMODIUM FALCIPARUM 
3-DAY LIVER STAGE PARASITES

Patricia A. Gonzales Hurtado1, Sumana Chakravarty2, Minglin 
Li3, Yun Wu3, Abraham Eappen2, Tao Li2, B. Kim Lee Sim2, Stephen 
Hoffman2, Michal Fried1

1National Institute of Allergy and Infectious Diseases, Rockville, MD, United 
States, 2Sanaria Inc., Rockville, MD, United States, 3Protein Potential, 
Rockville, MD, United States

Malaria caused by the Plasmodium falciparum parasite is one of 
the most deadly diseases in the world causing over 600,000 deaths. 
Developing a vaccine that targets the pre-erythrocytic stage of 
Plasmodium falciparum (Pf) would be facilitated by identification of 
antigens that are the targets of protective immune responses. The goal of 
this study was to describe the proteome of Pf liver-stage parasites cultured 
in cell-free environment for three days and compared it to previously 
identified sporozoite and other parasite’s stages proteomes. The first 
proteomics analysis of a 3-day axenic cultured sporozoites identified 1,517 
Pf proteins with 175,481 peptide spectrum matches and 65% of the 
proteins were identified with multiple peptides. These 3 days liver-stage 
parasites were grown in an axenic culture with a final count of 9E7 of 
which 72% transformed into liver-stage mimicking parasites based on 
morphology and expression of new liver stage proteins. The sample was 
electrophoresed followed by in-gel digestion with trypsin. Peptide samples 
were analyzed by LC-MS/MS with exclusion runs using the LTQ Orbitrap 
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Velos. 7% of the proteins identified were unique. They previously have not 
been identified in Pf sporozoites, or asexual or sexual stages erythrocytic 
stages, and include proteins which are members of the VAR gene family. 
We will present data describing the molecular function of the proteins 
uniquely expressed during the parasite’s liver-stage development.

47
UIS2, A UNIQUE PHOSPHATASE REQUIRED FOR THE 
DEVELOPMENT OF PLASMODIUM LIVER STAGES

Min Zhang1, Satish Mishra, Victor Nussenzweig2

1New York University Medical Center, New York, NY, United States, 2New 
York University School of Medicine, New York, NY, United States

Plasmodium salivary sporozoites, the infectious form of the malaria 
parasite, are dormant while inside salivary glands of Anopheles 
mosquitoes. During dormancy, protein translation is inhibited by the 
kinase UIS1 that phosphorylates serine 59 in eIF2α. De-phosphorylation 
of eIF2α-P is required for the transformation of sporozoites into liver 
stages. In mammalian cells the de-phosphorylation of eIF2α-P is mediated 
by protein phosphatase 1 (PP1). Instead, we report here that in malaria 
sporozoites the eIF2α-P phosphatase is UIS2. Both uis1 and uis2 are highly 
transcribed in salivary gland sporozoites, but the translation of uis2 is 
inhibited by the Pumilio protein Puf2. The translational repression of uis2 
is alleviated when sporozoites developed into liver stages. UIS2 belongs to 
the PP2C/PPM phosphatase family. While most eukaryotic phosphatases 
attach transiently to their substrates, UIS2 binds tightly to phosphorylated 
eIF2α, but does not recognize unphosphorylated eIF2α, raising the 
possibility that high throughput searches may identify chemicals that 
disrupt the interaction and prevent malaria infection.

48
CHARACTERIZATION OF THE EXPANDED ACYL CO-A 
SYNTHETASE GENE FAMILY

Selina Bopp1, Allison Demas1, Pamela Magistrado1, Sarah 
Volkman1, Ulf Ribacke2, Dyann F. Wirth1

1Harvard School of Public Health, Boston, MA, United States, 2Uppsala 
University, Uppsala, Sweden

Plasmodium falciparum has the ability to quickly adapt its genome to 
selective pressures encountered in the human host by acquiring single 
nucleotide polymorphisms, recombination or gene duplications. The acyl 
Co-A synthetase (ACS) gene family is one example of such duplication 
and recent positive selection. In P. falciparum and P. reichenowi four 
conserved orthologs of ACS are predicted to perform classical ACS 
function while nine paralogs have expanded and diverged from the 
PfACS9 ortholog. ACSs activate fatty acids (FA) scavenged from the 
host, which can then be used for protein modification, phospholipid 
biosynthesis, FA elongation, and beta-oxidation. To characterize the 
function of individual family members, we tagged single genes and 
observed different subcellular localization and protein abundance 
throughout the asexual lifecycle. Using different protein extraction 
methods, we also observed distinct membrane associations for individual 
family members. Taken together, these results suggest different roles for 
individual ACSs and potential neo-functionalization. The CRISPR/CAS 
system allowed us to generate knock out parasites lines for PfACS5, 
PfACS8, PfACS9 and PfACS12. None of the knock out lines showed a 
major growth defect in complete media when compared to the parental 
line. We are currently testing different growth conditions to further 
characterize the biological function of the individual ACSs. We hypothesize 
that the expansion and recent positive selection of the PfACS gene family 
are the consequence of metabolic pressures driving parasite evolution, 
and understanding FA metabolism will give us insight into key metabolic 
pathways that might serve as potential targets for novel antimalarials.

49
PLASMODIUM SPP. PREFERENCE FOR IMMATURE RED 
BLOOD CELLS: THE MISSING RECEPTOR?

Richard Thomson-Luque1, Francis Ntumngia1, Amy Taylor2, 
Karoly Szekeres3, Kenneth Udenze1, Suzanne Li1, Wanlapa 
Roobsoong4, Samantha Barnes1, John H Adams1

1University of South Florida Global Health, Tampa, FL, United States, 
2DRAPER, Tampa, FL, United States, 3University of South Florida, Tampa, 
FL, United States, 4Mahidol Vivax Research Center, Faculty of Tropical 
Medicine, Mahidol University, Bangkok, Thailand

Plasmodium vivax is the predominant form of malaria outside of 
Africa and is an important public health and economic development 
problem in many countries. The blood stages of P. vivax, which cause 
the disease, have a strong preference to infect immature red blood 
cells, or reticulocytes. In contrast, the other major human malaria 
parasite, P. falciparum, can infect mature and immature red blood cells. 
Understanding unique mechanisms regulating P. vivax-specific host cell 
preferences is fundamental for basic research of this parasite, limiting 
our ability to maintain long term continuous cultures of P. vivax, and 
consequently hinders development of more effective drugs and vaccines to 
prevent vivax malaria. In this study we have investigated surface receptors 
present subpopulation of reticulocytes (CD71neg/CD71low/CD71med/
CD71high) preferentially infected by clinical isolates of P. vivax. We 
discovered P. vivax had better invasion rates into CD71med/CD71high 
reticulocytes, which occurred also with laboratory lines of P. falciparum, 
suggesting that there may be a common receptor on immature 
reticulocytes for all Plasmodium species. Further characterization of these 
subpopulations revealed that cell surface markers CD49d-alfa4 integrin, 
CD44, as well as mitochondria were more abundant on the CD71med/
CD71high reticulocytes. Nevertheless we could not find positivity for 
CD49d, CD44 as well as CD36 for any red blood cells hosting the four P. 
vivax ring stage’s frozen isolates from Thailand that we tested. Binding 
assays with PvSal1 DBP into different population of reticulocytes confirmed 
a better binding to CD71med/CD71high reticulocytes consequently to 
the higher expression of DARC in reticulocytes compared to mature 
erythrocytes. Consistent with the preferred invasion patterns, in vitro 
binding assays with P. vivax recombinant RBP1 showed a sharp increase in 
binding into CD71med/CD71high. These results reveal new insights into 
the molecular basis for the preference of P. vivax to invade very immature 
reticulocytes.

50
EFFECT OF DEWORMING ON NUTRITIONAL INDICATORS, 
COGNITIVE ABILITIES AND SCHOOL PERFORMANCE 
AMONG SCHOOLCHILDREN IN RURAL CHINA: A CLUSTER-
RANDOMIZED CONTROLLED TRIAL

Louise Lu1, Chengfang Liu2, Alexis Medina3, D. Scott Smith4, 
Linxiu Zhang2, Scott Rozelle3

1Yale University School of Medicine, New Haven, CT, United States, 
2Chinese Academy of Sciences, Beijing, China, 3Stanford University, 
Freeman Spogli Institute for International Studies, Stanford, CA, United 
States, 4Stanford University School of Medicine, Stanford, CA, United 
States

Chronic infection with soil-transmitted helminths (STH) among school-
aged children has been correlated with nutritional deficiencies, cognitive 
impairment, and lower rates of school attendance, but the effectiveness 
of deworming in improving these outcomes is unclear. This aim of this 
cluster-randomized controlled trial was to examine the impact of a 
deworming intervention on STH infection prevalence, infection intensity, 
nutritional indicators, cognitive abilities, and school performance among 
2,028 school-aged children in rural Guizhou Province, China, where 
STH prevalence is over 40 percent. The intervention involved biannual 
administration of a 400 mg dose albendazole accompanied by cartoon 
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pamphlets about STH infection, treatment, and prevention. Specific 
outcomes measured at baseline and follow-up were STH infection 
prevalence, infection intensity (fecal egg count), anemia prevalence (Hb < 
115 g/L), stunting prevalence (HAZ < -2), underweight prevalence (WAZ 
< -2), processing speed index (PSI), working memory index (WMI), school 
attendance rates, and normalized scores on the Trends in International 
Mathematics and Science Study (TIMSS). Follow-up evaluation after 
12 months found that in this population with light-intensity infection, 
deworming significantly reduced both infection prevalence and infection 
intensity in the intervention group (n=1000) relative to the control group 
(n=1028). However, our results found no evidence that the deworming 
intervention improved outcomes of nutritional indicators, cognitive 
abilities, or school performance. Main implications of this trial for future 
studies are two-fold: (1) researchers should quantify and report infection 
intensity (fecal egg counts) for accurate epidemiological characterization 
of the sample population; and (2) evidence from future randomized-
controlled trials is needed to assess the effect of deworming on key 
outcomes in populations with moderate and high-intensity infections.

51
PERFORMANCE AND COST-EFFECTIVENESS OF STOOL-BASED 
MULTIPLEX REAL-TIME PCR FOR THE DETECTION OF HUMAN 
SOIL-TRANSMITTED HELMINTHS ACROSS DIFFERENT STUDY 
SETTINGS

Birgit Nikolay1, Eric Brienen2, Washington Benitez Ortiz3, Michael 
Boele- Van Hensbroek4, Felisberto Mendes5, Taniawati Supali6, 
Judd L. Walson7, Liya Assefa1, Simon J. Brooker1, Lisette van 
Lieshout2
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2Leiden University Medical Centre, Leiden, Netherlands, 3Central University 
of Ecuador, Quito, Ecuador, 4Academic Medical Center Amsterdam, 
Amsterdam, Netherlands, 5Catholic University of Mozambique, Beira, 
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The sensitivity of currently used copromicroscopic tests for the diagnosis 
of soil-transmitted helminths (STH) can vary markedly among studies 
and is especially low for the detection of individuals with light infections. 
With the current effort to control NTDs, including STHs, infection 
intensities will decrease substantially and infections may be missed. The 
sensitivity of copromicroscopic diagnosis across settings may also be 
variable due to difficulties in standardising diagnostic procedures. To 
overcome these limitations, new sensitive molecular diagnostic tools have 
been developed to allow the simultaneous species specific detection 
of DNA of Ancylostoma duodenale, Necator Americanus, Ascaris 
lumbricoides and Strongyloides stercoralis (ANAS) in human stool. 
To evaluate whether STH diagnosis based on the ANAS real-time PCR 
allows a more accurate and standardised assessment of infections, 
we compared its qualitative and quantitative performance to standard 
copromicroscopic methods across five different study settings in Ecuador, 
Indonesia, Kenya, Malawi and Mozambique. Sensitivities of diagnostic 
tests were estimated based on a Bayesian latent class analysis approach. 
The cost-effectiveness of real-time PCR and copromicroscopic methods 
was compared across the settings. Our study showed that the sensitivity of 
the ANAS real-time PCR for the detection of hookworms, A. lumbricoides 
and S. stercoralis was high across all study settings (72.5- 99.6%) while 
sensitivity of copromicroscopic methods varied dramatically (8.2- 95.3%). 
DNA loads and egg counts were correlated; however, the agreement 
in the identification of moderate and heavy infections was fair to poor. 
In conclusion, real-time PCR based STH diagnosis is a sensitive tool 
for comparable assessment of hookworm, A. lumbricoides, and S. 
stercoralis infections across different settings and its performance is 
less influenced by deviation from sample processing protocols than 
copromicroscopic methods. More research is needed to better understand 
the relationship between DNA load and observed egg counts for the 
assessment of infection intensities.

52
USE OF QUANTITATIVE REAL-TIME PCR TO MEASURE 
ACQUISITION OF ENTERIC PARASITIC INFECTIONS DURING 
THE FIRST 5 YEARS OF LIFE: OBSERVATIONS FROM A BIRTH 
COHORT IN RURAL ECUADOR

Andrea Arévalo Cortés1, Yosselin Vicuña1, Martha Loor1, Pablo 
Espinosa1, Martha Chico1, Carlos Sandoval1, Sophia Loor1, Peter 
Hotez2, Philip J. Cooper1, Rojelio Mejia2

1Centro de Investigación en Enfermedades Infecciosas, Pontificia 
Universidad Católica del Ecuador, Quito, Ecuador, 2National School of 
Tropical Medicine, Baylor College of Medicine, Houston, TX, United States

Over 2 billion humans are estimated to be infected with gastrointestinal 
parasites worldwide. These fecal-oral transmitted parasites are indicator 
infections of poverty and are associated with limited access to basic 
services. Standard microscopy of stool samples for detection of these 
parasites has a low diagnostic sensitivity compared to quantitative 
real-time PCR (qPCR). There are few data on the epidemiology of 
gastrointestinal infections from the rural tropics in pre-school children. 
We analyzed stool samples collected longitudinally during the first 5 
years of life in a birth cohort, the ECUAVIDA cohort, set in a rural District 
of Quinindé, Esmeraldas Province, in tropical Ecuador using a random 
sample of 400 of 2,404 newborns recruited into the cohort. Stool 
samples collected at 1, 2, 3, and 5 years of age, were analyzed using 
a high throughput multi-parallel qPCR for the presence of intestinal 
helminths (Ascaris lumbricoides, Ancylostoma duodenale, Necator 
americanus, Strongyloides stercoralis, Trichuris trichiura) and 
protozoa (Cryptosporidium spp., Entamoeba histolytica and Giardia 
lamblia). Giardia and Ascaris were the most prevalent parasites in 
children at all ages: Giardia (31.5%, 45.6%, 52.1%, and 43.3%); Ascaris 
(6.8%, 12.9%, 16.4%, and 14.4%) at 1, 2, 3 and 5 years, respectively. 
The prevalence of most enteric parasites increased through 3 years of age 
after which the prevalence leveled off or fell, except for Cryptosporidium 
was most frequently detected during the first 2 years of life (5.3% at 1 
and 5.9% at 2 years). Infections with E. histolytica and A. duodenale 
were of low prevalence (<4%) during the first 5 years of life in the cohort. 
Furthermore, the burden of infection increased comparing the 1 and 5 
year olds, for Ascaris (0.72 fg/µl to 2.3 fg/µl, p < 0.05) and Giardia (0.84 
fg/µl to 6.7 fg/µl, p < 0.05), respectively. Signifying increasing rates of 
parasitic infections and intensity of burden. Future analyses will determine 
the impact of these enteric parasites on growth and the development of 
the immune response during the first 5 years of life.

53
WHAT ARE THE BENEFITS OF COMMUNITY WIDE 
TREATMENT FOR THE CONTROL AND ELIMINATION OF 
HOOKWORM?

Hugo C. Turner, James E. Truscott, Alison A. Bettis, Roy M. 
Anderson
Imperial College, London, United Kingdom

The WHO treatment guidelines for soil-transmitted helminth (STH) 
infections focus on targeting children. However, unlike the other STH 
infections, the majority of hookworm infections are harboured by adults. 
This untreated burden may have important implications in controlling both 
hookworm’s morbidity and transmission. This is particularly significant 
given recent increased interest in investigating STH elimination strategies. 
We used a deterministic model of the dynamics of STH transmission to 
evaluate the impact of child-targeted verses community-wide treatment 
against hookworm in terms of preventing heavy infections (a proxy for 
morbidity) and the timeframe for breaking transmission. Furthermore, 
we investigated how community-wide treatment may influence the long 
term programmatic costs of preventive chemotherapy for hookworm. 
We found that a large proportion of the overall prevalence of heavy 
infections is unaffected by the current targeted strategy. Furthermore, 
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biannual targeted treatment offered little additional benefit. Annual 
community-wide treatment was markedly more effective in controlling 
heavy infections, and was the only scenario in which breaking transmission 
was possible - reducing the required programme duration. Due to these 
reductions in programme duration it is possible for community-wide 
treatment to generate long term cost savings compared to using the 
current targeted strategy - even if it notably increases the distribution costs 
of the programme. In conclusion, community-wide treatment is notably 
more effective for controlling hookworm morbidity and transmission, 
and could even be cost saving in many settings. This shows that it is 
not optimum to treat the different STH infections in the same way, 
and highlights the need for further consideration of community-wide 
treatment for hookworm control.

54
MULTI-PARALLEL QPCR PROVIDES INCREASED SENSITIVITY 
AND DIAGNOSTIC BREADTH ALLOWING FOR IMPROVED 
EVALUATION OF THE IMPACT OF DEWORMING PROGRAMS 
FOR SOIL-TRANSMITTED HELMINTHS (STH)

Alice V. Easton1, Rita G. Oliveira2, Elise M. O’Connell1, Stella 
Kepha3, Cassian Mwatele4, Simon J. Brooker5, Jimmy H. Kihara4, 
Charles Mwandawiro4, Sammy M. Njenga4, Maurice R. Odiere6, 
Joanne P. Webster7, Roy M. Anderson2, Thomas B. Nutman1

1National Institutes of Health, Bethesda, MD, United States, 2Infectious 
Disease Epidemiology, Imperial College London, London, United 
Kingdom, 3College of Health Sciences, Kampala, Uganda, 4Eastern and 
Southern Africa Centre of International Parasite Control, Kenya Medical 
Research Institute, Nairobi, Kenya, 5Faculty of Infectious and Tropical 
Diseases, London School of Hygiene & Tropical Medicine, London, United 
Kingdom, 6Neglected Tropical Diseases Branch, Centre for Global Health 
Research, Kenya Medical Research Institute, Kisumu, Kenya, 7Pathology 
and Pathogen Biology, Royal Veterinary College, University of London, 
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Although chronic morbidity resulting from STH infections can be reduced 
by anthelmintic treatment, inconsistent diagnostic tools make it difficult 
to measure the impact of deworming programs. In order to quantify the 
variability in different STH diagnostic measures, we intensively screened 
1671 people in four villages for helminth infections using the Kato-Katz 
(KK) method. We retrospectively screened these samples using multi-
parallel qPCR. We treated everyone with albendazole, and collected 
Ascaris lumbricoides expelled post-treatment. Three months later, we 
re-screened and re-treated 1225 people and collected expelled worms. 
Between baseline and follow-up the prevalence by KK fell from 8 to 
5% for A. lumbricoides, and from 5 to 2% for hookworm. Expelled A. 
lumbricoides worms were highly aggregated, and there was a strong 
correlation (Spearman r=.64; p<0.0001) between the number of adult 
worms expelled and the intensity of infection pre-treatment. When 
compared to qPCR results, KK missed 20% of A. lumbricoides infections 
and 80% of N. americanus infections. While the limit of sensitivity for 
qPCR is such that a single A. lumbricoides egg is consistently detected, 
false negative results were common using KK at infection intensities 
below 2000 eggs per gram. Among a subsample of 246 individuals, 
22% were found to be infected with Giardia lamblia, and 16% with 
Entamoeba histolytica, based on qPCR. No infections with Trichuris 
trichiura, Ancylostoma duodenale, Strongyloides stercoralis or 
Cryptosporidium parvum were detected. Our data suggest that KK may 
be an inadequate tool for measuring worm burdens, especially in areas 
where hookworm and/or Strongyloides are common or where intensity 
of infection is low. As it becomes important for deworming programs to 
distinguish between populations where STH infection is controlled and 
those where further treatment pressure is required, multi-parallel qPCR (or 
similar high throughput molecular diagnostics) may offer new diagnostic 
tools for STH control programs.

55
INDIVIDUAL-BASED MODELLING OF HOOKWORM 
INFECTION: PREDICTED FEASIBILITY OF ACHIEVING 
CONTROL AND ELIMINATION BY 2020

Luc E. Coffeng, Roel Bakker, Sake J. de Vlas
Erasmus MC, University Medical Center Rotterdam, Rotterdam, 
Netherlands

Globally, 440 million people are infected with hookworms, the 
majority living in developing countries. High parasite loads contribute 
to development of anaemia, particularly in children and women of 
childbearing age (WCBA). In recognition of the hookworm disease 
burden, the WHO has set the target to implement annual or semi-
annual preventive chemotherapy (PCT) for pre-school and school-aged 
children and WCBA in endemic areas with an overall coverage of at least 
75% by 2020. The associated parasitological goal is to achieve <1% 
prevalence of heavy hookworm infection in these PCT target populations 
(and thus prevent most morbidity). As part of the NTD Modelling 
Consortium, we evaluated the feasibility of achieving control (prevalence 
of heavy infection <1%) or even elimination of hookworm infection, 
given currently recommended intervention strategies. To this end, we 
developed an individual-based model for transmission and control of soil-
transmitted helminths that synthesizes all relevant available information 
on hookworm biology, and captures heterogeneities in transmission and 
PCT participation. Model predictions were compared to longitudinal 
parasitological data spanning five years, collected pre-control and during 
PCT. In general, model predictions suggest that elimination of hookworm 
infection is not possible by means of PCT, unless a broader age group is 
targeted (e.g. including all adults). Controlling levels of heavy infection 
(<1%) is however very well possible through annual or semi-annual 
PCT (depending on pre-control endemicity) applied to current target 
populations at 90% coverage. Sensitivity analysis showed that individual 
systematic non-participation is a key determinant for achieving control, 
and in particular, elimination. In conclusion, we present the first individual-
based model for hookworm infection and a first-time comparison of 
mathematical model predictions to longitudinal data. Model predictions 
suggest that hookworm infection can be controlled with PCT, but probably 
cannot be eliminated with the current strategy.

56
EVALUATION OF SEROPREVALENCE OF PARASITIC DISEASES 
IN U.S-BOUND REFUGEES FROM BURMA (MYANMAR)

Diana Martin1, Gretchen Cooley1, Tarissa Mitchell1, William 
Stauffer1, Paul Cantey1, Kittisak Amornpaisarnloet2, Valentina 
Parr2, Valentina Parr2, Deborah Lee1, Michelle Weinberg1

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
2IOM, Bangkok, Thailand

 The U.S. Refugee Resettlement Program resettles ~60-80,000 refugees to 
the United States annually. The Centers for Disease Control and Prevention 
provides guidance for pre-departure and post-arrival management of 
health conditions, including voluntary testing and presumptive treatment 
for parasites. There has been limited evaluation of the current program 
management strategies for parasitic diseases in refugees. A large cohort 
of refugees of Burmese origin has recently been resettling annually from 
Thailand. Serological testing for several parasitic diseases, including 
cysticercosis, lymphatic filariasis (LF), and strongyloidiasis, was undertaken 
from samples collected in camps in Thailand. Blood specimens were 
collected at the initial medical screen (approximately 3-6 months prior to 
departure for the U.S), before departure, and, when possible, after arrival 
in the U.S. All patients were offered presumptive parasitic treatment with 
albendazole and ivermectin at the initial medical screen and at departure. 
To date, 964 (48%) of the 2003 individuals enrolled have been tested 
for antibody responses against antigens from Strongyloides (NIE), 
cysticercosis (T24H), and LF (Bm14, Bm33 and Wb123) using the Luminex 
multiplex platform. At baseline, specimens from 5% of participants 
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reacted against T24H and none were positive against all three LF antigens. 
Seropositivity against NIE was 15%. After treatment, NIE-specific antibody 
levels decreased in 65% of reactive individuals with 14.5% of individuals 
converting to seronegative. Changes in titers as well as decreases in 
median fluorescent intensities (MFI) of the responses were observed in 
non-reverters. Especially noticeable were changes in individuals with high 
magnitude responses; 82% (18/22) showed decreases in the magnitude of 
the response (average of 88% decrease in MFI) and titers post treatment. 
The data suggest that presumptive treatment impacts strongyloides 
infection rates among U.S.-bound refugees from Thailand. Measuring 
the magnitude of the NIE antigen response may prove a useful tool in 
monitoring treatment efficacy.

57
DEVELOPMENT OF A PROOF-OF-CONCEPT DE NOVO 
BACTERIOPHAGE THERAPEUTIC AGAINST MULTIDRUG 
RESISTANT ACINETOBACTER BAUMANNII WOUND 
INFECTIONS

James M. Regeimbal1, Anna Jacobs2, Matthew Henry1, Brendan 
Corey2, Rae Heitkamp2, Amy Zale2, Rebecca Pavlicek1, Daniel 
Zurawski2, Tony Pierson2, Nimfa Teneza-Mora1, Biswajit Biswas1, 
Eric Hall1
1Naval Medical Research Center, Silver Spring, MD, United States, 2Walter 
Reed Army Institute of Research, Silver Spring, MD, United States

Multidrug Resistant (MDR) bacterial infections have become a significant 
threat to civilian and military populations alike. Recently bacteriophage 
have remerged as a promising alternative therapeutic. Our objective was 
to develop a phage cocktail that could serve as an antibacterial therapy 
for MDR Acinetobacter baumannii wound infections. We isolated 
and purified 31 lytic phage capable of killing clinical isolates of MDR A. 
baumannii from DC metro area wastewater. From this modest library, 
we have assembled a proof-of-concept 5-member phage cocktail that is 
highly effective in treating mice harboring a full thickness wound infected 
with the model clinical isolate MDR A. baumannii 5075. Mice harboring 
a wound infected with 5075 were treated with our phage cocktail 
intraperitoneally and topically, and compared to untreated controls. In 
these experiments our cocktail: I) significantly reduced the A. baumannii 
bioburden in the wound-bed, II) prevented the invasion of A. baumannii 
into tissue surrounding the wound and thus promoted tissue preservation/
vitality in adjacent areas, III) prevented the infection-associated increase 
in wound size seen in untreated controls, IV) decreased the morbidity 
of the wounded/infected mice as measured by a significant reduction in 
infection-associated weight-loss, and V) promoted rapid wound healing 
at a rate similar to that of uninfected controls. Based on the success 
of this initial cocktail our goal is to develop a broad-spectrum phage 
cocktail that kills at least 90% of A. baumannii clinical isolates. To do 
so, we have developed a 70-member MDR A. baumannii diversity set 
composed of divergent clinically relevant strains for improved phage 
isolation. We have also begun phage isolation from sites around the world, 
including: NAMRU6-Peru, NAMRU3-Egypt, NAMRU2-Cambodia, and FT 
Benning, GA. Thus, we are building a large and diverse phage library from 
which new cocktails can be compounded for the treatment of MDR A. 
baumannii wound infections.

58
A RANDOMIZED, CONTROLLED TREATMENT TRIAL FOR 
THE VERRUCOUS STAGE OF BARTONELLA BACILLIFORMIS 
INFECTION IN PERU

Joan M. Neyra, Ciro Maguiña, Enrique Canales, Bonnie Smoak, 
Larry Laughlin, David Blazes
Uniformed Services University of the Health Sciences, North Bethesda, MD, 
United States

There are no clinical trials that study the effect of alternative therapies 
for the verrucous stage of Bartonella bacilliformis infection. Our main 
objective was to compare the standard treatment with rifampin versus 
azithromycin in terms of time to resolution of the verrucous stage and 
time of resolution of the bacteremia. We conducted a randomized, 
controlled treatment trial. Participants were recruited in Caraz, Peru 
(northern Andean mountains) were randomly allocated in two groups of 
treatment (rifampin and azithromycin). At each arm, they received the 
treatment during two weeks, and they were followed up at 7, 14, 30, and 
60 days. At each visit, we assessed the number of lesions, size of lesions, 
and number of body areas involved as well as the time to resolution of 
the verrucous rash of B. bacilliformis infection and the duration of the 
bacteremia associated with the verrucous rash. 125 participants were 
recruited (62 in the rifampin groups and 63 in the azithromycin group). 
We found that azithromycin reduced the time of resolution of baseline 
bacteremia (8.26 ± 1.79 days for rifampin vs. 7.60 ± 1.77 days for 
azithromycin, p < 0.001) and the time of reduction of verrucous lesions 
(16.15 ± 16.52 days for rifampin vs. 13.50 ± 11.25 days for azithromycin, 
p = 0.786). In addition, azithromycin reduced the average size of the 
lesions over time compared to rifampin. The results of the study showed 
that azithromycin had similar or better effects than those of rifampin for 
reducing the time of resolution of the verrucous rash and the time of 
resolution of initial bacteremia. Also, it had a similar effect in reducing the 
number of lesions, the average size of lesions and the number of body 
regions involved, becoming a valid alternative for the treatment of the 
verrucous stage of B. bacilliformis infection.

59
REGULATION OF B12 BIOSYNTHESIS BY PATHOGENIC 
LEPTOSPIRA

Michael A. Matthias1, Carla Fernandez de Cuadros1, Francois-
Baptiste Halter1, Jessica Ricaldi2, Joseph Vinetz1

1University of California, San Diego, La Jolla, CA, United States, 
2Universidad Peruana Cayetano Heredia, Lima, Peru

To better understand Leptospira virulence and pathogenic mechanisms, 
we sequenced and annotated the genomes of two strains of a novel 
species Leptospira licerasiae prevalent in the Peruvian Amazon and 
then compared the gene content of these genomes with those of L. 
interrogans, L. borgpetersenii and L. biflexa. These comparative 
genome studies revealed a 17-gene B12 biosynthesis gene cluster (cob I/III) 
restricted to infectious species and a non-coding RNA regulatory element 
in the 5’ un-translated region of the cluster. Because these genes and 
associated regulatory elements were present in infectious Leptospira, we 
hypothesized that, in contrast to current dogma, infectious Leptospira 
should grow in the absence of B12. Using bioinformatics approaches 
to determine the distribution of the previously identified cob I/III cluster 
amongst >300 recently sequenced and annotated high quality draft 
Leptospira genomes, we confirm that both the cluster and associated 
regulatory element are widely and uniquely distributed amongst infectious 
strains. Second, we tested whether infectious Leptospira synthesize B12 de 
novo. We created a chemically defined minimal medium and demonstrate 
that whereas L. interrogans and L. licerasiae grow indefinitely in the 
absence of B12, growth of the non-pathogen, L. biflexa, was inhibited 
in minimal medium without B12 supplementation. Finally, we confirmed 
by qRT-PCR that expression of cob I/III is modulated by exogenous 
B12. Because B12 is sequestered in vivo in mammals, this capacity of 
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infectious Leptospira to respond to diminishing levels of exogenous B12 
and in response synthesize this essential nutrient could have important 
implications during Leptospira pathogenesis.

60
A MINIMAL EPITOPE COMBINATION VACCINE CAN PROTECT 
AGAINST ALL STRAINS OF STREPTOCOCCUS PYOGENES 
IRRESPECTIVE OF EMM TYPE AND VIRULENCE PHENOTYPE

Michael F. Good1, Manisha Pandey1, Rasmus Mortensen2, Ainslie 
Calcutt1, Jessica Powell1, Emma Langshaw1, Michael Batzloff1, Jes 
Dietrich2

1Institute for Glycomics, Gold Coast, Australia, 2Statens Serum Institut, 
Copenhagen, Denmark

Infections caused by Streptococcus pyogenes (group A Streptococcus, 
GAS) and their sequelae are responsible for over 500,000 lives lost 
prematurely each year. A synthetic peptide, J8, from the conserved region 
of the M-protein combined with diphtheria toxoid (DT) has shown efficacy 
against disease that follows intraperitoneal inoculation of bacteria. 
By developing a murine model for infection that mimics human skin 
infection we show that the vaccine can also protect against pyoderma 
and bacteremia caused by multiple GAS strains. However, the vaccine was 
significantly less effective against hyper-virulent CovR/S mutant GAS strains 
and this correlated with up-regulation of SpyCEP and the strains’ abilities 
to degrade CXC chemokines (IL8, MIP2, KC) thus preventing neutrophil 
chemotaxis. Chemokine proteolysis is mediated by bacterial SpyCEP. By 
combining J8-DT with an inactive form of recSpyCEP, we developed a 
vaccine that can block chemokine degradation thus permitting opsonic 
antibodies to kill the bacteria. Mice receiving the combination vaccine 
were strongly protected as evidenced by between a 100-fold to 1,000-fold 
reduction in bacterial burden following challenge. We then used a peptide 
array to identify the minimal epitope within SpyCEP. A twenty amino acid 
peptide (‘S2’) was one of several epitopes identified using serum from 
recSpyCEP-immunized mice; however, this epitope was the sole target for 
anti-SpyCEP antibodies that could protect IL8 from streptococcal SpyCEP-
mediated proteolysis. It was of great interest that this epitope was also 
recognized by human serum from healthy individuals naturally exposed to 
GAS. Serum from mice immunized with S2-DT could completely protect 
IL8 from GAS-mediated proteolysis and human serum from healthy 
donors showed a partial ability to protect IL8. We then combined S2-DT 
with J8-DT to develop a minimal epitope vaccine and showed that the 
combination vaccine could protect mice against pyoderma and bacteremia 
due to all strains of GAS that we have tested irrespective of their emm 
type and independent of their CovR/S phenotype. This vaccine is now 
being prepared for a Phase I human trial.

61
INVESTIGATING THE ROLES OF T CELL-MEDIATED IMMUNITY 
DURING SCRUB TYPHUS WITH A NEWLY DEVELOPED 
MOUSE MODEL

Guang Xu, Thomas R. Shelite, Nicole L. Mendell, Lynn Soong, 
Donald H. Bouyer, David H. Walker
University of Texas Medical Branch, Galveston, TX, United States

Scrub typhus, a long neglected but important tropical disease, is caused 
by a Gram-negative obligately intracellular coccobacillus, Orientia 
tsutsugamushi. Scrub typhus is a serious global public health problem 
that causes illness in one million people each year, the majority in the 
Asia-Pacific region. Without appropriate diagnosis and treatment, the 
disease can cause severe multiorgan failure with a mortality rate of 
7-15%. However, the mechanisms behind the interactions between O. 
tsutsugamushi and host immunity are largely neglected and unknown. 
Using the newly developed intravenous (i.v.) mouse model, we discovered 
that host immunity was skewed towards Th1 responses from 12 days 
post infection (dpi) until 3 months post infection. Our flow cytometry 
data determined that more CD8+ T cells than CD4+ T cells appeared in 

the spleen of infected mice after 12 dpi. We also found that Treg cells and 
the proportion of T cell producing IL-10 levels in T cells were significantly 
increased from 6 dpi, which was in parallel with the body weight loss and 
increased bacterial loads. Our latest studies with CD8-/- mice and their wild 
type (WT) C57BL/6 control counterparts determined the important role of 
CD8+ T cells. After being administered one LD50 of O. tsutsugamushi, all 
CD8-/- mice expired by 11 dpi while half of the WT mice survived. Bacterial 
loads in the lung, kidney, liver and blood of CD8-/- mice were significantly 
higher than those in WT mice. IFN-γ mRNA levels in the lungs of CD8-/- 
mice were significantly higher than in WT mice. There was no statistically 
significant difference in the mRNA levels of IL-10 in the lung, liver, spleen, 
and kidney between CD8-/- and WT mice. We also found a greater pro-
inflammatory immune response in the tissues of WT mice than in CD8-

/- mice. More studies are necessary to better understand the role of host 
immunity during Orientia infection. This will benefit the control of scrub 
typhus as well as the development of a vaccine and improved therapy.
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ACUTE GASTROINTESTINAL INFECTION AND OTHER 
HEALTH PROBLEMS ABOARD THE USNS COMFORT 
DURING CONTINUING PROMISE 2011: A HUMANITARIAN 
ASSISTANCE/DISASTER RESPONSE MISSION

Mark S. Riddle1, Andy Chern2, Andrea J. McCoy1, Jessica M. 
Hameed2, Ramona McCaffrey3, Tracy A. Brannock4, Krista Brooks3, 
Gregory J. Martin5, Shannon D. Putnam3, Chad K. Porter1, William 
T. Scouten6
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Disease and non-battle injuries (DNBI) can significantly impact operational 
missions and compromise readiness. No study to date has examined DNBI 
rates aboard hospital ships on humanitarian aid/disaster response (HADR) 
missions. Given their nature, these HADR training and operational missions 
utilize significantly different personnel and result in unique exposures 
compared to operational deployments. From April to September 2011, US 
military, partner nation military, non-governmental organization personnel, 
and merchant marines participated in Continuing Promise 2011, a HADR 
training mission aboard hospital ship USNS COMFORT (T-AH 20). We 
conducted health surveillance for the purpose of assessing DNBI trends 
and improving force health protection during the deployment. The 
data collected were from two sources: (1) weekly DNBI aggregate data 
from the medical treatment facility sick-call clinic; and (2) an enhanced 
weekly, self-reported, surveillance questionnaire (eDNBI). Additionally, a 
case series study of acute gastrointestinal illness (AGI) was conducted via 
culture-independent microbiology on stool specimens. Clinic-based DNBI 
were obtained from an average weekly force of around 900 personnel. 
In addition, 3,156 self-report surveys (~15% of personnel each week) 
were collected. The self-report survey respondents were a representative 
sampling of the entire ship’s crew. The leading syndrome-specific 
cause of average weekly visits to the ship’s clinic was AGI, followed by 
dermatological conditions and acute respiratory illness (ARI) (2.1, 1.9, 
1.5 per 100 person-weeks, respectively). eDNBI rates were similarly 
represented in the top three, although in reverse order, with 11.2 ARI, 
8.7 dermatological, and 7.4 AGI average cases per 100 person-weeks. 
AGI were responsible for a majority of duty days lost (201/325, 61.8%). 
Among 51 AGI cases, one or more pathogens were identified in 71% of 
cases, with ETEC and norovirus as leading causes. These data highlight 
important disease and injury burden on HADR missions and may be useful 
for future planning.
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RISK FACTORS, GUT FUNCTION BIOMARKERS AND GROWTH 
DEFICIT ASSOCIATED WITH ENVIRONMENTAL ENTEROPATHY 
AND MALNUTRITION: THE CASE-CONTROL MAL-ED STUDY 
IN FORTALEZA, CEARÁ, BRAZIL

Aldo A. Lima1, Álvaro M. Leite1, Alessandra F. Moura1, Noélia 
L. Lima1, Reinaldo B. Oriá1, Alberto M. Soares1, José Q. Filho1, 
Cláudia B. Abreu1, Ila F. Lima1, Alexandre Havt1, Marjorie M. 
Guedes1, Sean R. Moore2, Jordi Mayneris-Perxachs3, Jonathan R. 
Swann3, Richard L. Guerrant4

1Federal University of Ceara, Fortaleza, Brazil, 2University of Cincinnati, 
Cincinnati, OH, United States, 3University of Reading, Reading, United 
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In Fortaleza, located in the poorest region of Brazil, there is a large 
socioeconomic and cultural disparity that maybe influences the prevalence 
of malnutrition and its serious consequences for growth and cognitive 
development in children. The aim of this study was to evaluate the 
variables related to the child and the mother, as well as environmental 
and socio-economic factors associated with environmental enteropathy 
(EE) and malnutrition (MN) in children from Fortaleza, Ceará, Brazil. The 
study design was a case-control prospective study. The protocol was 
approved by the local Internal Review Board (IRB) (Universidade Federal 
do Ceará), a national IRB (CONEPE) and IRB at University of Virgínia. The 
study period was from August/2010 to September/2013; Inclusion criteria 
for the case: z score weight-for-age (WAZ) -1; and all children aged 6-24 
months. As for 30Nov2013 we screened 484 and enrolled 402 children 
in the study protocol. The results showed preliminary analysis on 244 
children (126 controls and 118 cases) for risk association with EE and 
MN. The age mean ± standard deviations was 11.83 (5.2) for controls 
and 15.00 (5.5) for cases (p<0.001). Sex distribution was similar on both 
groups. The mean ± standard deviations for z-score on WAZ was 0.03 
(0.97) for controls compared to -2.70 (0.78) on cases (p<0.0001). The 
multiple linear logistic regression and Wald test analysis showed three 
variables that hold significant results with <5%, which were increased in 
control for birth weight, head circumference and number of pregnancies 
compared to cases. Calprotectin (CAP) was increased on both (cases and 
control) and it was significantly higher on malnourished compared to 
nourished children. Higher myeloperoxidase (MPO) and alpha1-antitrypsin 
(A1AT) were associated with impaired “catch-up” growth. These data 
showed protective risk factors associated with nourished compared to 
malnourished children. Elevated CAP, MPO and A1AT are associated with 
gut inflammation and impaired growth in these children.
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THE QUECHUA PEOPLE OF SOUTHERN PERU: A DESCRIPTIVE 
ANALYSIS OF CLINIC ATTENDEES

Matthew Belenchia1, David Adams2, Daniel Traylor3, Cesar 
Fernandez1, Ellen Robinson4
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This project builds upon a 2014 study, “The Epidemiology of Disease 
among the Quechua People of Southern Peru: A Pilot Study”. In this 
present research, we will analyze data (N = 839) related to common 
primary care issues among the Quechua People of southern Peru, e.g., 
diabetes, hypertension, anthropometric measures, etc. Up to this time, 
previous studies have focused their attention primarily on biogenetic 
issues such as hemoglobin variants. As such, day-to-day primary care 
issues have eluded the attention of researchers. Data concerning primary 
care complaints among the Quechua, an underserved, rural---and largely 
unstudied--population with regard to common medical issues were 
collected during a two week primary care clinic based in the remote town 

of Pampichiri in the Andahuaylas region of southern Peru. The findings in 
this study, one of the first of its kind, highlight primary care health issues 
among Quechua clinic attendees.
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KNOWLEDGE AND PRACTICES OF VILLAGE HEALTH TEAM 
MEMBERS IN EARLY DETECTION AND CARE FOR CHILDREN 
WITH SEVERE ACUTE MALNUTRITION AT COMMUNITY 
LEVEL: A CASE STUDY OF A RURAL COMMUNITY IN 
UGANDA

Elizabeth Kemigisha1, Rosemary Namayanja2, Gad Agaba3, 
Silvano Twinomujuni2, Daniel Atwine1, Francis Oriokot4, Noni E 
MacDonald5

1Epicentre Mbarara Research Centre, Kampala, Uganda, 2Mbarara 
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Background Malnutrition remains a serious problem for young children 
in many developing countries. In Uganda, highest malnutrition rates are 
in the South West where 40% of children have chronic malnutrition; 
5% acute malnutrition.The first level of government provided healthcare 
are community based Village Health Team (VHTS) with very basic health 
knowledge. The study determined how VHT members identified and 
managed children with early malnutrition in SW Uganda. Methods Cross 
sectional survey of VHTs in randomly selected parishes of Bushwere and 
Ryamiyonga in SW Uganda who attended two sessions in August and 
September 2013.A pretested malnutrition knowledge and management 
questionnaire was used.The project received ethical approval from MUST-
REC and was funded by MicroResearch Results A total of 59 VHTS from 
the 2 parishes were interviewed. Their mean age was 37 ± 9y (range 
22-60y); 75% were female. 95% had initial 5-day training for their VHT 
role;90% had served in their position for > 5 years.50% of VHT had 
mid upperarm circumference (MUAC)training for nutrition assessment, 
none had received a MUAC tape.83% could correctly classify the local 
food crops in their respective food groups. 88% identified body swelling, 
changes in skin or hair colour and having protuberant abdomen signs of 
malnutrition in children.However, only 8% of VHTs selected measuring 
MUAC as a method to identify malnutrition.Knowledge on feeding 
options when mother is HIV+ showed that 97% were only aware of 
outdated options; e.g no breastfeeding or for a short time only.. 89% 
reported offering feeding advice; 42% reported advising referral to health 
unit to parents when severe malnutrition was noted in their children. 
Conclusion VHTs had adequate knowledge of feeding of children and 
could correctly classify foods into three major food groups.They were 
able to describe late signs of malnutrition but unable to detect early signs 
possibly due to lack of MUAC tapes. VHTs would benefit from refresher 
courses on (a) recommended nutrition for infant and young children of 
HIV+ mothers,(b) training on MUAC use and measurement and should be 
given MUAC tapes and normal values for age.
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EFFECT OF COOKING METHODS ON THE CONCENTRATION 
OF OXYTETRACYCLINE RESIDUES IN CHICKEN

Ekene Vivienne Ezenduka, John A. Nwanta, Steve I. 
Oboegbulem, Den-Chris N. Onah
University of Nigeria, Nsukka, Nigeria

Antibiotics are used in poultry industry to obviate disease, enhance growth 
and increase production. However, the use of these drugs often results in 
the accumulation of violative levels of residues in tissues. Consumption 
of such poultry meat would potentially adversely affect human health 
through the development of resistant pathogenic microorganisms and 
hypersensitivity reactions in sensitized individuals. Although meat is 
always heat treated before consumption, which should ordinarily render 
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the residues innocuous, some drugs are heat stable and therefore would 
persist at residue violative levels. Since tetracyclines are the most frequently 
used antibiotics in poultry production in Nigeria, this study was therefore 
embarked upon to find out the effect of cooking methods (boiling, 
microwaving and roasting) on the concentration of oxytetracyclines (OTC) 
in poultry meat and organs. Muscle and liver tissues were harvested from 
birds that were treated with OTC either by intramuscular injection or orally 
in drinking water and analysed for residues using the three plate test (TPT) 
and the enzyme-linked immunosorbent assay (ELISA). TPT at two different 
pH levels reduced the inhibition zones of raw muscles between 34-49%, 
67-69.6% and 53-56% for microwaving, boiling and roasting respectively 
but the difference in the means was not statistically significant (P > 0.05). 
TPT however, significantly (P < 0.05) reduced the inhibition zones of raw 
liver between 79- 80.9%, 57-60.29% and 88-89.71% for microwaving, 
boiling and roasting respectively, at both pH levels. ELISA determined a 
slight increase in mean OTC concentration in microwaved (1.2%) and 
roasted (0.3%) muscle tissues with a slight decrease by boiling (3.5%) 
but the differences were not significant. Boiling and roasting however 
significantly (P<0.05) reduced OTC concentration in liver tissues by 2.83% 
and 3.17% respectively. The reduction of OTC concentrations by heating 
will give a ray of hope for those in developing countries who are exposed 
to violative levels of OTC residues due to non-enforcement of laws against 
antimicrobial use in livestock and poultry production.
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EFFECTIVENESS OF LONG LASTING INSECTICIDE NETS ON 
UNCOMPLICATED CLINICAL MALARIA: A CASE-CONTROL 
STUDY FOR OPERATIONAL EVALUATION

Barikissou B. Damien1, Armel Djenontin2, Evelyne Chaffa3, 
Sandra Yamadjako1, Papa Makhtar Drame4, Emmanuel Elanga4, 
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In a context of large scale implementation of malaria vector control 
interventions such as LLINs, it is an urgent need to monitor their 
effectiveness. Case-control study could be an alternative tool for this 
evaluation since this study design avoids many of the ethical issues 
inherent to longitudinal and experimental studies. The present study 
aimed to use the case-control approach to evaluate the post-deployment 
effectiveness of LLINs. A case-control study took place in two health 
districts in Benin; Ouidah-Kpomassè-Tori (OKT) in South and Djougou-
Copargo-Ouaké (DCO) in North. Children aged 0-60 months recruited 
in populations were included. Cases were children with a high axillary 
temperature (≥37.5°C) or a reported history of fever during the last 48 
hours with a positive RDT. Controls were children with neither fever nor 
signs evoking malaria with negative RDT. The necessary sample size was at 
least 396 cases/1,188 controls per area. The main exposure was “Sleeping 
all night under LLINs two weeks preceding the survey”. The conditional 
logistic regression model taking into account clustering random effect was 
used for analysis. The protective effectiveness (PE) of LLINs was calculated 
as (PE=1-OR). The declared use of “LLINs all night since two weeks” 
ranged was 17.0% and 27.5%, respectively, in cases and controls in OKT 
area and 44.9% and 56.5% in cases and controls, respectively, in DCO 
area. The use of LLINs conferred 40.5% [95CI: 22.2%-54.5%] and 55.5% 
[95CI: 28.2%-72.4%] of PE in the OKT and the DCO area, respectively. 
Differences in PE were observed according to the education level of the 
mother. The case-control study appeared to be a relevant and suitable 
epidemiological tool for operational evaluation of LLINs effectiveness in the 

real condition after their deployment. In the context of a mass distribution 
of LLIN, the use of LLINs conferred protection up to 40% against the 
occurrence of uncomplicated malaria cases in children.
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ASSOCIATION OF CAUSAL BELIEFS ABOUT SHOE WEARING 
TO PREVENT PODOCONIOSIS: A BASELINE STUDY
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Podoconiosis is a neglected tropical disease caused by long term barefoot 
exposure to volcanic clay soil. Susceptibility to podoconiosis is hereditary 
but disease can be prevented if individuals at high risk consistently wear 
shoes. Our previous qualitative research identified various domains 
of beliefs about the causes of podoconiosis held by members of the 
community. This study aimed to quantitatively evaluate the prevalence of 
these beliefs and to assess their association with observed shoe-wearing 
behavior. A baseline study was conducted in 2013, in six communities 
endemic for podoconiosis in Wolaita zone, southern Ethiopia. A total of 
1800 respondents (600 affected and 1200 unaffected parents of an index 
child aged between 3 and 6 years) took part in the study. The care-giver 
who spent the “most time with the [index child] and knew the child’s 
daily habits the best” was asked to complete the baseline survey with 
the index child in mind. Two versions of the enumerator-administered 
survey were created with measures assessed in parallel for the affected 
and unaffected household respondents. Associations among measures 
were assessed using linear regression models. Respondents from affected 
families were significantly more likely to report that the index child wore 
shoes than respondents from unaffected families (p<0.001). Accuracy 
of understanding about podoconiosis was significantly lower among 
respondents from unaffected than affected households (p<0.001).Beliefs 
about heredity among affected respondents were negatively associated 
with reported shoe wearing of the index child (OR=0.67, 95% CI 0.55-
0.83). Associations of causal beliefs with shoe wearing were moderated 
by risk perceptions for both groups. Interventions aimed at preventing 
podoconiosis and improving shoe wearing should consider family-oriented 
education on hereditary susceptibility targeting both affected and 
unaffected families in resource limited settings.
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GLOBAL HEALTH WITHIN BORDERS: OUTLOOK OF HEALTH 
SCREENING AMONG IRAQI AND SUDANESE REFUGEE 
COMMUNITY AND THE IMPACT OF LANGUAGE BARRIER THE 
PATIENT SELF-ADVOCACY
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The CDC estimates that between 50 to 70 thousand refugees are resettled 
in US each year. Caring for this highly diverse population represents a 
unique opportunity and challenge to practice international health and 
community outreach within US borders. We report health screening 
finding among refugees at an urban clinic. We aim to review the 
immunization status of adult immigrants, identify missed opportunities 
for vaccination and analyze the impact of fluency in English have on 
compliance with recommended schedule A retrospective chart analysis 
was conducted in 101 patients seen at a refugee health reference 
center in Philadelphia from 2012 to 2014. Variables measured included 
demographic, medical and anthropometric data, vaccination statuses 
and fluency in English. For the purpose of this study, full vaccination 
encompassed influenza, MMR, Tdap and varicella. English fluency was 
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determined by provider documentation. Our demographically diverse 
population was originated from 16 different countries, largely young 
(median age 33.2), comprising mostly Iraqi (50%) and Sudanese (14.8 
%) refugees. They had high burden of transmissible diseases: LTBI 
(19.8%), presumed parasitic infections (7.9), syphilis (4%). In regards to 
vaccination, 5.9% were susceptible to varicella and 1.9% had incomplete 
MMR vaccine. Among non English speakers, 58% had received full 
vaccination versus 71% of English speakers. Much like Americans, 
refugees exhibited high rates of or chronic diseases and mental illness. 
One in every three patients was smoker and obesity rates were 20.1% 
Mental health screening was positive in 10.9%. Length of stay > 1 year 
was not correlated to increase in BMI, contrary to previous literature 
reports. No differences in BMI, smoking rates, vaccinations rates were 
found among ethnic groups. In conclusion, ability to speak English 
represents a significant barrier to patient self-advocacy, despite availability 
of interpretation service and patient navigation resources. Targeted 
interventions of health English literacy are likely to improve vaccination 
compliance and health indicators among refugees
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STUDIES THE ETHIOPIA
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Conducting biomedical studies in developing countries can be difficult 
partly due to poor knowledge about research process and research ethics. 
The situation is complicated when the disease of interest is thought to be 
familial and a reason for stigmatisation. We used a Rapid Ethical Appraisal 
tool to assess local factors that were barriers to getting genuine informed 
consent prior to conducting genetic study of podoconiosis (non-filarial 
elephantiasis) in two provinces in Ethiopia. The tool involves In-depth 
Interviews and Focus Group Discussions with patients, healthy community 
members, field workers, Institutional Review Board members, elders, 
religious leaders, and administrators who work closely with patients. 
We compared our findings with two earlier studies that employed this 
method in another part of Ethiopia and north western Cameroon. Most 
of the study participants did not differentiate research from routine clinical 
diagnosis. The decision to participate in a study was influenced by the 
presence of trusted community members during the consent process 
and the type of biological sample sought. Many believed podoconiosis 
to be hereditary; some also considered it to be a communicable disease 
that can be transmitted by wearing patients’ shoes and washing with 
the same basin the patients have used. Participants better understood 
genetic susceptibility concepts when analogies drawn from their farming 
experience were used. Understanding the concerns of local people in 
areas where research is to be conducted will help to design contextualized 
consent processes appropriate for all parties and will ultimately result in 
getting genuine consent.
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COMMUNITY-BASED LARVAL SOURCE MANAGEMENT WITH 
LARVIVOROUS FISH TO CONTAIN VECTORS OF JAPANESE 
ENCEPHALITIS THE DISTRICT GORAKHPUR, UTTAR PRADESH, 
INDIA

Susanta K. Ghosh
National Institute of Malaria Research, Bangalore, India

Community-based larval source management with larvivorous fish to 
contain vectors of Japanese Encephalitis in district Gorakhpur, Uttar 
Pradesh, India Susanta K Ghosh1, Vijay P Ojha2, Satyanarayan Tiwari1, 
Milind Gore2 and Neena Valecha2 1National Institute of Malaria Research, 
ICMR complex, Devanahalli, Bangalore 562110, India 2National Institute of 
Malaria Research, Sector 8, DWARKA, New Delhi 110077, India 3National 
Institute of Virology, Field Unit, BRD Medical College, Gorakhpur-273013, 
Uttar Pradesh, India Japanese Encephalitis (JE) is a mosquito-borne viral 
disease mostly prevalent in rice growing areas in the Asia-Pacific region. 
In India JE is endemic in 24 states and union territories. About 75% of 
Indian JE cases are reported Uttar Pradesh, and district Gorakhpur also 
contributed nearly 75% cases from Uttar Pradesh. We undertook a study 
to contain the JE vectors in three endemic blocks in district Gorakhpur 
using larvivorous fish involving the local administration and community. 
Baseline larval survey data in July-August 2013 revealed JE vectors Culex 
tritaneorynchus, Cx. vishnui, Cx. pseudo vishnui breed in ponds, wells, 
rice fields and borrow pits. During summer months only ponds and 
wells support the vector breeding. Based on our malaria vector control 
experience in Karnataka, we targeted ponds with mosquito fish Gambusia 
affinis and wells with Guppy fish (Poecilia reticulata). Geographical 
reconnaissance (GR) of all water sources were mapped at village level. 
Workshops were organized involving the staff of local health and Block 
Development Officers, Panchayat (Local self-government) members. 
Focused group meetings in each village were also organized. Monthly 
monitoring of vectors in the post fish-intervention data revealed a 
reduction of 78% on breeding indices. Here, rice fields have very limited 
role as they get dry up in the summer months, and no breeding of vector 
was observed in rice field post fish intervention period. Our study showed 
that larvivorous fish has a potential role to contain vectors of JE. Study is 
undergoing to expand this programme in other areas of the district and 
other JE endemic areas.
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Podoconiosis, or non-filarial elephantiasis, is a neglected tropical disease 
(NTD) characterised by swelling of the lower legs. When left untreated, 
this disfiguring condition has a significant social impact. This study 
aimed to describe the stigma experience among podoconiosis patients 
in Dembecha, Northern Ethiopia and assess potential associations 
between stigma and sociodemographic determinants. The study was 
conducted in May 2012 in Northern Ethiopia. A questionnaire-based 
cross-sectional study design was used and stigma was assessed using a 
validated podoconiosis stigma scale including ‘felt’ and ‘enacted’ stigma 
domains. Enacted stigma includes the experience of discrimination such as 
abuse, loss of employment or prejudicial attitudes, while felt stigma is the 
perceived fear of enacted stigma. A multivariable linear regression model 
was used to explore determinants that may be associated with stigma. 
A total of 346 clinically confirmed podoconiosis patients participated in 
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the study. The total mean score ofall stigma scale items was 30.7 (Range 
= 0 to 96). There was a higher mean score of scale items in domains of 
feltstigma (21.7; Range = 0 to 45) as compared to enacted stigma (9.0; 
Range = 0 to 51). The total mean score of all stigma scale items appeared 
to increase with disease stage. A final adjusted linear regression model 
found an association between stigma and factors including monthly 
income, duration lived in the current residence, and disease stage, after 
controlling for confounders. In conclusion, podoconiosis is a stigmatized 
disease with a clear social impact. This paper documented the burden of 
podoconiosis-related stigma and identified associated factors. Programs 
aimed at preventing and treating podoconiosis should incorporate 
interventions to mitigate both felt and enacted stigma.

73
PODOCONIOSIS PREVALENCE AND PREVENTION EDUCATION 
IN RWANDA AFRICA

Jean Paul Bikorimana
Imidido Project, Musanze, Rwanda

Non-filarial elephantiasis (also known as Podoconiosis), is a noninfectious 
neglected tropical disease caused by prolonged exposure of bare feet to 
irritant volcanic soils. The focus of our research has been to determine 
the number of individuals in the Northern Province with this condition 
in an attempt to treat those with the condition and to prevent any new 
cases from occurring through a focused prevention education program. 
The Imidido Project team began registering those with Podoconiosis in 
March of 2013 and to date we have 183 registered in Musanze with a 
population of 368,267. The Imidido Project expanded services to Kinoni 
in the Burera District with 72 registrants and a population of 339,200. 
Our preliminary results indicate that less than 1% of the population in the 
Northern Province is suffering from Podoconiosis. High risk individuals have 
been a focus for our prevention education team and our preliminary data 
indicates that of the 183 persons with Podoconiosis only 2 family members 
of the 183 registrants have signs and symptoms of Podoconiosis since the 
prevention education team began its work visiting families in their homes. 
Podoconiosis prevalence is less than 1% of the population in the Northern 
Province; however, the prevention education team focuses on building 
awareness in schools, churches, communities and healthcare centers 
throughout the Northern Province with hopes of eradicating this neglected 
tropical disease in Rwanda Africa.
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REPUBLIC OF THE CONGO: EFFECT OF THE ORGANIZATIONAL 
MODEL OF HEALTH CARE

Abel M. Ntambue1, Françoise K. Malonga1, Michèle Dramaix-
Wilmet2, Philippe Donnen2

1University of Lubumbashi, Lubumbashi, Democratic Republic of the 
Congo, 2Université Libre de Bruxelles, Brussels, Belgium

The Democratic Republic of the Congo (DRC) has the third highest 
number of maternal deaths (MD) and one of the highest risks of MD 
(730/100,000live births) in the world. Reaching Millennium Development 
Goal 5 (≤138/100,000 live births) in 2015 is out of the question; 
appropriate care is often not accessible. This study aimed to determine 
the impact of differentorganizational models of mother-child health 
(MCH) services on maternal mortality (MM).Using data on the MM ratio, 
cause of MM, and MCH services use from the Multiple Indicator Cluster 
Survey 4 (MICS4), we modeled the reduction in MM as a function of the 
variation in the level of use of services for the period from 2010-2015. We 
evaluated scenarios based on the model of service provision: family-based 
or informal care, community-based care, and clinical care. For each model, 
the rate of MCH services use was progressively varied between 60 and 
90%. This rate was not varied for services for which the use was already 
above the set threshold. In 2010, 16,390 MD occurred in DRC. If universal 
(>90%) coverage of all types of services, on the continuum, were assured 

to women over one year, more than 48.5% of these deaths could be 
avoided. Cost-effective MCH services are well-known. Universal coverage 
across the mother-child continuum constitutes the strategy most likely to 
significantly reduce MM in DRC. To achieve this level of performance, the 
entire health care system must be strengthened.
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HOUSEHOLD CHARACTERISTICS ASSOCIATED WITH 
MALARIA-INTESTINAL HELMINTHS CO-INFECTIONS AMONG 
RURAL DWELLERS THE SOUTHWEST, NIGERIA

Chinenye Afonne, Ikeoluwapo O. Ajayi, Dada- Adegbola 
Hannah, Catherine O. Falade
University of Ibadan, Ibadan, Nigeria

Malaria and intestinal helminth infections occur concurrently in tropical 
regions due to similarity of favorable breeding conditions, the effects 
on morbidity outcomes cannot be over-emphasized. The household 
environment is a major determinant and influences the risk of infectious 
diseases. This study explored household related risk factors associated 
with the occurrence of both infections particularly among rural dwellers. 
A two stage sampling technique was employed to recruit 647 household 
representatives and/or head of households from 35 communities. 
At the household of the enrollees, data was collected using a pre-
tested questionnaire and an observation checklist. About 47% of the 
respondents were males and mean age was 46.0 ± 1.3 years, 51.1% 
had no formal education. Farming (51.0%) and trading (31.8%) were 
the major occupations of the people. The Well was mentioned as the 
predominant source of water for domestic use (84.0%) and drinking 
(81.0%). About 85.8% defecated in the bush. Only 7.7% used bednet as 
malaria preventive material, 7.5% slept under the net the night before and 
only 9.7 had window/door screens. Very few (2.5%) had had an Indoor 
residual spray in the last 1 year preceding the study. Several (61.2%) 
managed malaria at home first before seeking any other provider. Of all 
respondents, 20% said the health facility was far from their house. A 
number of (33.7%) had passed out worms in the last one year, 49.3% 
dewormed once in the last one year while 35.3% said they never deworm. 
About 54.6% had overgrown vegetations, 49.3% had uncovered 
containers with water, 11.6% had stagnant water around the household 
environs. A number (26.5%) of the respondents recalled that they had 
fever two weeks before the study. Household characterististics and risky 
practices associated with malaria and intestinal helminths abound in most 
of the households and environs visited in the study.
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EVALUATION OF A UNIVERSITY-NGO PARTNERSHIP TO 
ADVANCE EQUITY THROUGH NURSING EDUCATION

Emily Hall1, Sharon Rose1, Roodaline Valcourt2, Kate Dieringer3, 
Ellen Scarr1, Brooke Finkmoore1, Evan Brown1, Beatrice Romelo2

1University of California, San Francisco, San Francisco, CA, United States, 
2Zanmi Lasanté, Port-au-Prince, Haiti, 3Partners in Health/Zanmi Lasanté, 
Port-au-Prince, Haiti

Nurses provide 90% of health care worldwide today, yet global health 
nursing is a field still in its infancy. There is growing recognition of the 
need to elevate the leadership role of nurses, especially in resource-
limited settings. In Haiti, few public nursing schools, limited opportunities 
for continuing education and high levels of nurse migration weaken an 
already overburdened health system. In 2014, the University of California, 
San Francisco (University of California San Francisco) developed the 
University of California San Francisco Global Health Nursing Fellowship 
to advance nursing competency and leadership in Haiti, while also 
training US-based nurses in global health care delivery in resource-
limited settings (RLS). Partnering with the non-profit Partners In Health, 
the fellowship aims to support PIH’s Nursing Center for Excellence 
trainings and mentorship for the local nursing workforce. The 10-month 
fellowship is offered to US-based advanced practice nurses. Fellows 
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spend 50% of their time in Haiti creating educational opportunities and 
modeling team-based care, and the rest of their time at University of 
California San Francisco mentored as associate clinical faculty. This study 
was undertaken to address two interrelated, unmet needs in nursing 
education: clinical, didactic and leadership support for nurses in low-
resource settings; and post-graduate global health training for US-based 
nurses. The collaboration has completed its inaugural year and offers an 
evaluation here. Successes include: 1) piloting a structured format for 
bed-side teaching; 2) modeling the role of a dedicated in-patient nurse 
educator; and 3) increasing fellows’ understanding of local burden of 
disease, health inequities and barriers to care delivery. Challenges include: 
1) engaging overburdened nursing staff and leadership; 2) aligning the 
learning needs of the fellows with the contextual realities of a hospital in 
a RLS; 3) reinforcing collaborative relationships with physicians to improve 
interprofessional rounding. These early results demonstrate a potential 
model for international university-NGO partnerships that can advance 
health equity, benefiting both US-based learners as well as the local nurse 
workforce.
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ASSESSING THE COST-EFFECTIVENESS OF DIFFERENT 
VACCINATION STRATEGIES FOR CHILDREN IN THE 
DEMOCRATIC REPUBLIC OF CONGO

Reena H. Doshi1, Calixte Shidi2, Nicole A. Hoff1, Patrick Mukadi3, 
Audry Mulumba2, Sue Gerber4, Emile W. Okitolonda5, Jean-
Jacques Muyembe3, Anne Rimoin1

1University of California Los Angeles Fielding School of Public Health, Los 
Angeles, CA, United States, 2Expanded Programme on Immunization, 
Kinshasa, Democratic Republic of the Congo, 3National Institute for 
Biomedical Research, Kinshasa, Democratic Republic of the Congo, 4Bill & 
Melinda Gates Foundation, Seattle, WA, United States, 5Kinshasa School 
of Public Health, Kinshasa, Democratic Republic of the Congo

While measles mortality has been reduced more than 78%, the disease 
remains one of the major causes of childhood vaccine preventable diseases 
globally. Measles immunization requires a two-dose schedule and only 
countries with strong, stable immunization programs have been able 
to rely on routine services to deliver the second measles dose. In the 
Democratic Republic of Congo (DRC), the second dose of measles vaccine 
is administered via supplementary immunization activities (SIAs), due to 
inadequately low routine immunization coverage. We used a decision 
analysis with a Markov model based on published and unpublished data to 
compare the cost-effectiveness of two different strategies for the second 
dose of Measles Containing Vaccine (MCV) to one dose of MCV through 
routine immunization services over a 15-year time period for a hypothetical 
birth cohort of 3 million children. Compared to strategy 1, strategy 2 
(MCV2 by SIA) would prevent a total of 279,110 measles cases and 6,795 
deaths and save U.S. $2.26 million. Compared to strategy 1, strategy 3 
(MCV2 by RI) would prevent a total of 207,996 measles cases and 5,074 
measles-related deaths and save U.S. $0.71 million. Strategy 2 was both 
cost-saving and dominated the other two strategies, yielding the fewest 
deaths and the lowest total program costs over the 15-year time period for 
the hypothetical cohort. Vaccination recommendations should be tailored 
to each country, offering a framework where countries can adapt to local 
epidemiological and economical circumstances in the context of other 
health priorities. Our results reflect the synergistic effect of two doses of 
MCV and demonstrate that the most cost-effective approach to measles 
vaccination in DRC is to continue the administration of the second dose by 
mass campaign.
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COMPARING ANTHROPOMETRIC MEASURES OF 
INDIGENOUS SCHOOL-AGED CHILDREN THE GUERRERO, 
MEXICO TO AVAILABLE INTERNATIONAL, NATIONAL AND 
LOCAL GROWTH REFERENCES

Deborah A. Lardner, Michael Passafaro, David T. Guernsey III, 
Min-Kyung Jung
NYIT-COM, Old Westbury, NY, United States

Malnutrition, both acute and chronic, continues to be a major health 
burden for children in resource poor countries. Nutritional surveillance 
studies in the form of anthropometric measures are useful screening tools 
to identify children at risk. Established international measures of wasting 
(< - 2SD weight-for-height, BMI-for age Z-score), being underweight 
(< - 2SD weight-for-age Z score), and stunting (< - 2SD height-for-age Z 
score) are now more commonly used in the field. The Comisión Nactional 
para el Desarrollo de los Pueblos Indígenas reports the indigenous 
population of Mexico lives in the poorest and most disadvantaged states. 
This cross-sectional study conducted in February 2013 examined the 
severity of nutritional deficiencies in the form of grown parameters for 
indigenous children in two communities in the state of Guerrero, Mexico. 
Anthropometric measures were collected for children in the communities 
of Buena Vista (n= 72) and Nuevo Zaragoza (n= 51). The data was entered 
into the World Health Organization (WHO) AnthroPlus program, and 
z-scores were generated for height-for-age (HAZ), weight-for-age (WAZ), 
and BMI-for-age (BAZ). Statistical analysis was performed using simple, 
independent t-test comparing the collected variables to published mean 
z-scores from the World Health Organization, Mexico, and the state of 
Guerrero. The sampled indigenous population had significantly lower 
z-scores for each t-test performed (All p-values < 0.001). This small study 
suggests nutritional disparities exist in this mostly indigenous region of 
Mexico. Specifically, children demonstrated evidence of stunting and are 
at risk for wasting and being underweight as indicated by their z-scores. 
The authors believe this information may be useful to public health, policy-
makers, governmental and non-governmental organizations seeking to 
improve health parameters in this region through innovative partnerships 
addressing this disparity. Understanding the environmental and social 
influences on health and nutrition in these communities with future 
studies will allow for site appropriate interventions and stronger advocacy 
for children at risk.
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DEVELOPMENT OF A COMMUNITY HEALTH WORKER 
PROGRAM FOR RURAL HAITI

Lisa Altieri1, Aline Zorian1, Susan Partovi1, Ross Donaldson2

1David Geffen School of Medicine at University of California Los Angeles, 
Los Angeles, CA, United States, 2Harbor-University of California Los 
Angeles Department of Emergency Medicine, Los Angeles, CA, United 
States

Access to health care poses an essential challenge for Haiti. To bridge 
such gaps in health care access, rural communities in a number of 
countries have instituted a system of community health workers (CHWs). 
These CHWs are individuals selected from within the community who 
are trained to serve in both direct patient care and health education. In 
April 2015, a pilot study will be conducted to investigate (1) the current 
state of access to primary and emergency health services in the rural 
community of Mussotte, Haiti, (2) the attitudes of community members 
toward existing health services and health providers, and (3) the extent 
of interest in a community health worker program. A cluster sampling 
method will be used to select approximately 50 subjects for participation 
in a household survey. Data analysis will include a regression analysis for 
factors influencing knowledge, attitudes, and perceptions about need 
for community health workers. Our findings will not only further our 
understanding of the current health care needs in Mussotte but also allow 
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for interventions that will more effectively address the existing structural 
and cultural barriers to care. Ultimately, we hope that this research will 
create a platform for improvement in access to quality medical services in 
Mussotte, as well as other rural communities in Haiti which face similar 
barriers to care.

80
ADVOCACY AND TROPICAL DISEASES: ETHICAL 
RAMIFICATIONS OF THE WEST AFRICAN EBOLA VIRUS 
DISEASE PUBLIC HEALTH RESPONSE

Kata Chillag, Karen Meagher, Maneesha Sakhuja, Elizabeth 
Fenton, Lisa M. Lee
Presidential Commission for the Study of Bioethical Issues, Washington, 
DC, United States

As important as it is to devote significant resources to the west African 
Ebola virus disease (EVD) epidemic, against the backdrop of insufficient 
resources for public health, the scope and scale of the response has had 
and will continue to have consequences for other public health problems, 
including diseases such as malaria, responsible for greater morbidity and 
mortality. A highly visible public health problem like EVD, from which 
the U.S. public perceives themselves at risk, provides a rare opportunity 
for public health officials to advocate for resources for immediate and 
long-term public health investments, including in parts of the world that 
are often overlooked. However, there is no substitute for direct advocacy 
for less publicly compelling public health problems like neglected tropical 
diseases. This presentation critically examines policy and public health 
implications of defining public health crises in ways that garner substantial 
public and political attention. Public health officials often find themselves 
advocating for resources for the current emergency against a backdrop 
of political and budgetary constraints, including emphasis on national 
interest and short-term funding cycles. As a result, public health officials 
are often required to make difficult choices that might immediately set 
back other public health priorities, such as vaccine-preventable diseases. 
Short-term advocacy in the context of a public health emergency can 
have positive long-term implications, including increased funding and 
capacity of the public health workforce. Yet these longer term dividends 
are not automatic, do not always extend to the most intractable public 
health problems, and often do not obviate the short-term trade-offs that 
might result from prioritizing crisis response. We must acknowledge these 
tensions and explicitly engage with the ethical dimensions of tropical 
diseases and other persistent public health problems, including their 
social and economic determinants. It is sustained investment in health 
infrastructure that will better equip systems to manage and overcome 
public health crises.
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DECREASING INEQUITY OF INSECTICIDE-TREATED NET (ITN) 
OWNERSHIP IN SUB-SAHARAN AFRICA COUNTRIES FROM 
2003-2014

Cameron Taylor1, Lia Florey1, Yazoume Ye2

1DHS Program/ICF International, Rockville, MD, United States, 2MEASURE 
Evaluation/ICF International, Rockville, MD, United States

The increase in funding for malaria control in the past decade resulted 
in an increase in ownership and use of insecticide treated nets (ITNs) in 
many countries in sub-Saharan Africa (SSA). However, with the shift in 
programmatic focus from high risk target groups to universal coverage 
there is a need to ensure equal access to ITNs for all sub-populations 
regardless of socioeconomic status. This study assessed change in disparity 
in ITN ownership among different socioeconomic groups using wealth 
quintiles in 19 malaria-endemic countries in SSA that had at least two 
national household surveys with ITN data between 2003 and 2014. One 
survey must have been published between years 2003-2008 (baseline) 
and the other survey published between years 2009-2014 (endline). The 
authors used Lorenz Concentration Curve and Index (C-Index) to assess 

equity in household ITN ownership between wealth quintiles. C-Index 
values range between -1 to 1. A value of 0 suggests no difference in 
outcomes among different socioeconomic groups. Across all countries ITN 
ownership significantly increased between baseline and endline with the 
greatest improvement in Tanzania and Rwanda where ownership increased 
by 68%. Equity in ITN ownership increased in 17 out of 19 countries 
particularly South and East African countries. In a pooled multi-country 
analysis a significant reduction in wealth inequality was seen in areas 
of medium/high malaria transmission (PfPR2-10≥5%) between baseline 
(C-Index 0.10, 95% CI: 0.09;0.18) and endline surveys (C-Index -0.01, 
95% CI: -0.00;-0.02). These findings show the tremendous achievement 
of ITN ownership across sub-Saharan Africa in increasing ITN coverage and 
reducing inequity in the past 10 years.
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MATHEMATICAL MODELLING APPROACHES TO ESTIMATING 
THE OPTIMUM STRATEGY FOR THE ERADICATION OF YAWS

Michael E. Marks1, Sebastian Funk1, Oriol Mitja2, Christopher 
Fitzpatrick3, Kingsley Asiedu3, Anthony W. Solomon1, David C. 
Mabey1

1London School of Hygiene & Tropical Medicine, London, United Kingdom, 
2ISGlobal, Barcelona, Spain, 3Department of Control of Neglected Tropical 
Diseases, World Health Organization, Geneva, Switzerland

Yaws is a re-emerging endemic treponemal infection. The WHO aims to 
eradicate yaws by 2020 with a strategy that is based on mass treatment 
of the entire population with a single dose of oral azithromycin treatment. 
Previous mass treatment campaigns based on penicillin in the 1950’s 
and 1960’s failed due to inadequate coverage, in particular of latent 
cases, and failures of surveillance post the initial round of treatment. 
Subsequent successes in Ecuador and India have suggested that, with 
prolonged intervention and high coverage, disease elimination can be 
achieved. However, the number of rounds of treatment or the coverage 
that will be required to achieve eradication are currently unknown. This 
information will be vital if the aim of yaws eradication is to be achieved. 
Cost and time constraints limit the ability of traditional randomised studies 
to fully evaluate all possible control strategies but mathematical modelling 
approaches may allow a detailed exploration of the number of rounds and 
coverage that will be required to achieve the goal of yaws eradication. We 
developed a stochastic model of yaws transmission in an endemic setting. 
Baseline parameters were estimated using robust epidemiological data 
derived from study sites in Papua New Guinea and the Solomon Islands. 
We applied different control strategies varying both the coverage and 
number of rounds of treatment. We then used the model to assess the 
predicted impact of different control strategies including the probability 
of achieving eradication for each control strategy. Using this data we are 
able to suggest critical thresholds that must be achieved to interrupt local 
transmission of yaws and achieve the goal of yaws eradication. This work 
contributes significantly to our understanding of the predicted impact of 
community mass treatment with azithromycin and provides important data 
to inform the design and roll-out of yaws control programmes worldwide.
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THE “EMD SERONO GLOBAL HEALTH” APPROACH 

Thomas Spangenberg1, Béatrice Greco1, Jutta Reinhard-Rupp1, 
Jim Mulry2, John Ambroziak2, Philip Hewitt3, Nada Abla Geiser1, 
Sandra Fulbier3, Elli Kourany-Lefoll1
1EMD Serono, Coinsins, Switzerland, 2EMD Millipore, Temecula, CA, United 
States, 3EMD Serono, Darmstadt, Germany

Launched in 2014 to address key unmet medical needs for children from 
developing countries suffering from tropical diseases, EMD’s Global Health 
unit is a R&D platform focusing primarily on malaria and schistosomiasis. 
Under its “One Merck for Children” concept, the goals are to develop 
innovative, affordable, implementable and integrated health solutions 
including new pediatric medicines, tailored diagnostics & associated 
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delivery & eHealth technologies through leveraging from EMD’s cross 
competencies and in partnership with leading Global Health institutions 
and organizations in both developed and developing countries. To address 
the need of new antimalarial to continue fighting against emergence of 
resistance, EMD Serono Global Health aims at building a small sustainable 
portfolio of molecules on selected key existing gaps in the current fight 
against malaria: long lasting, liver & gametocyte acting compounds. Also, 
in collaboration with EMD Millipore, a new malaria diagnostic assay is 
being developed to measure levels of parasitemia as well as identification 
of the infectious type in very small amount of blood to address pediatric 
sample limitations. This assay will be compatible with an existing point 
of care compact flow cytometry platform (MUSE) that has already 
demonstrated its capacity to measure with very high sensitivity and 
specificity counts and % of CD4T cells during its clinical trials in African 
countries. For schistosomiasis, there is a pressing need to treat preschool 
children and the current Pediatric Praziquantel Consortium is actively 
developing a suitable formulation of the L-enantiomer of PZQ. Beyond 
closing treatment gaps by developing a new pediatric PZQ formulation, 
the PZQ usage to tackle other helminthic diseases is also considered 
by building a small drug discovery portfolio to complement PZQ as a 
single drug. It also aims at identifying options to co-develop diagnostic 
tools, addressing the impact on co-infections, on female/male genital 
schistosomiasis and contributing to strengthen the Merck Praziquantel 
Donation Program by enhancing the R&D competence at EMD in the area 
of human schistosomiasis.
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USE OF M-HEALTH AT COMMUNITY LEVEL TO PROMOTE 
GOVERNANCE AND EQUITY WITHIN THE HEALTH SYSTEM: 
DESIGN, IMPLEMENTATION AND CHALLENGES THE RURAL 
HEALTH DISTRICT, BURKINA FASO

Maurice Y, Cheik Bagagnan, Ourohire Millogo, Idriss Tinto, Ali 
Sie
Nouna Health Research Center, Nouna, Burkina Faso

The use of mobile phone has been described as offering a remarkable 
potential to deliver primary health care, provide antenatal are services 
and remind patients about follow-up appointments. In Burkina Faso, 
high maternal mortality rates and persistent numbers of people living 
with HIV are priorities to address by government. A strong primary 
health care approach is required to ensure that people are able to access 
adequate, affordable and equitable health services and guidance within 
their community. Here we described the potential of an innovative mobile 
phone platform that helps to overcome barriers of access to health service 
information by community members in remote areas. A community-
based mobile phone project was implemented to enhance better access 
to health information, better health care delivery for mother, newborn 
and people living with HIV. An interactive voice system was developed 
and incorporated major local languages to overcome literacy barrier. 
Overall 423 pregnant women, 319 newborn mothers and 116 HIV/
AIDS patients were followed-up by the mobile phone system in 2014 by 
62 community health workers. An average 177 patient’s reminder for 
appointment was completed. There was an 8% increase of antenatal care 
uptake and 3.5% for newborn BCG vaccine coverage. Better compliance 
of HIV patients to antiretroviral services was also noted. However, running 
mobile devices in remote areas is challenging. About 29% of cell phone 
and 24% of solar recharging system were changed. Users also faced a 
regularly network breakdown for the major phone company. Community 
data integration within national health system and system interoperability 
were a big challenge to address. Use of mobile phone at community 
level is undoubtedly a powerful tool to increase their equitable access to 
health care information and participation local health care governance. 
However the issue of cell phone robustness, ease of use and availability of 
sustainable source of energy need to be more explored.
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SCALING UP MALARIA RAPID DIAGNOSTIC TESTS IN PRIVATE 
SECTOR SUPPLY CHAINS IN UGANDA: ADAPTING MULTI-
CRITERIA DECISION ANALYSIS AS A METHODOLOGY TO 
UNDERSTAND DECISIONMAKING AND PREFERENCES

Corinne Carland1, Jarrod Goentzel1, Elizabeth Streat2, Gilberto 
Montibeller3

1Massachusetts Institute of Technology, Cambridge, MA, United States, 
2Malaria Consortium, Kampala, Uganda, 3London School of Economics, 
London, United Kingdom

Diagnosis of malaria is important in order to ensure early and effective 
treatment, to facilitate public health surveillance, and to prevent drug 
resistance. Rapid diagnostic tests (RDTs) are an important tool in resource-
constrained settings, as they do not rely on costly lab equipment and 
specially trained personnel. In Uganda’s private sector clinics and drug 
shops, which is where the majority of patients first seek care, diagnosis 
of malaria is often presumptive and patients receive neither RDT nor 
microscopy. Several studies have focused on the patient perspective 
(e.g. willingness to pay) but much less understood about the supplier 
perspective (e.g. willingness to stock). This study aimed to understand 
stocking strategies for agents across the malaria RDT supply chain in 
Uganda using multi-criteria decision analysis. This methodology was 
adapted to be relevant and understandable for agents in Uganda so 
that we could analyze business decisions incorporating aspects such 
as selling price, purchase cost, sales volume, complexity of regulations, 
waste management, and training available. Data surveys and semi-
structured interviews were collected from 28 private sector retailers (i.e., 
shopkeepers, pharmacists, clinic managers), two first line buyers, three 
distributors, and two manufacturers. Analysis resulted in value functions 
for all agents and quantified the tradeoffs among decision criteria. Our 
results offer critical insights for understanding how to engage the private 
sector in scaling up usage of malaria RDTs. The study also demonstrates 
how to adapt the multi-criteria decision analysis methodology for studying 
supply chains in resource-constrained contexts.
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FIELD EVALUATION OF HOME-BASED AND CLINIC-BASED 
MULTIPLEX DEVICES FOR TRANSMISSION OF RESULTS VIA A 
SECURE BIO-SURVEILLANCE NETWORK IN IQUITOS, PERU 

Robert D. Hontz1, Amy C. Morrison2, Valerie Paz-Soldan3, Erin 
McDonough4, Shawn P. Mulvaney5, David Stenger5, Eric S. Halsey6, 
Christopher A. Myers4
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United States, 4Naval Health Research Center, San Diego, CA, United 
States, 5Naval Research Laboratory, Washington, DC, United States, 
6Centers for Disease Control and Prevention, Atlanta, GA, United States

The Defense Threat Reduction Agency (DTRA) is partnered with the U.S. 
Naval Medical Research Unit No. 6 to evaluate the speed and efficiency 
of result reporting from novel multiplex diagnostic devices to a novel 
bio-surveillance ecosystem (BSVE). Handheld devices (“buddy care”) 
will be observed for ease-of-use in homes of local residents in Iquitos, 
Peru. Participants’ comprehension of basic instructions followed by self-
administration of one lateral flow test will be observed and documented. 
Clinic-based devices (“role 1”) will be used by healthcare professionals 
on febrile patients in one of six clinics throughout the city. Both of the 
buddy care devices (ChemBio DPP Febrile Illness Test and the InBios Active-
Dengue-Melioidosis Detect Rapid Test) will be distributed throughout an 
existing cohort in the city of Iquitos. First, movement teams will recruit up 
to five households of non-febrile participants in each block to use buddy 
care tests under supervision. Second, a maximum of thirty households 
per block will receive one of the buddy care devices and will then be 
asked to either perform the test alone or while receiving assistance by 
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trained medical personnel in cases of febrile symptoms. The role 1 devices 
will be distributed in six Iquitos medical clinics where NAMRU-6 trained 
phlebotomists will enroll febrile participants for the study. All results from 
both buddy care and role 1 devices will be uploaded into the BSVE and 
compared with results from gold-standard, laboratory-based testing. All 
protocols and informed consent documents have been approved, and 
city blocks within the cohort area where the buddy care devices will be 
distributed have been selected. The role 0 portion of this study is set 
to begin by mid-April, which includes observations for ease-of-use by 
non-febrile participants, as well as distribution of buddy care devices in 
the homes. To achieve success, we need greater than 90% accuracy in 
transmission of results to the BSVE, as well as 75% and 85% sensitivity for 
the buddy care and role 1 devices compared with the gold standard tests, 
respectively. Preliminary tests uploading results into the BSVE have been 
promising.
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DISPARITIES THE QUALITY OF ANTENATAL CLINIC CARE 
THE KENYA: ANALYSIS OF KENYA DEMOGRAPHIC HEALTH 
SURVEY 2008 - 2009

Collins O. Asweto
Capital Medical University, Beijing, China

ANC provides the opportunity for early detection and treatment 
of pregnancy anomalies, and to deliver preventive health services. 
However, detailed information about the quality and content of ANC in 
practice in Kenya is scanty. We reviewed data from the 2008/9 KDHS, 
a nationally representative survey and analysed data from women aged 
15-49 years. Descriptive data summaries were presented as proportions 
while association was measured as prevalence odds ratios. In this study 
50.9% of women sought ANC services either in health centres or 
dispensaries. Maternal age, regional residence, urban residence, wealth 
index, education and the media influenced ANC initiation and ANC 4+ 
visits. There were coverage gaps existing on iron-folate supplementation 
(66.1%), tetanus toxoid (66.5%), presumptive/preventive treatment 
for malaria with SP (38.7%) and education on pregnancy complication 
(44.3%). Nearly 24 % of women missed the screening for complication 
during pregnancy. Quality of ANC service provided is associated with type 
of health facility. Facilities common in rural communities and informal 
urban settlements had lower quality service. Even though ANC visit is high, 
quality of service varies greatly. Women attending clinics at dispensaries 
and government health centres are likely getting the lowest quality service, 
presenting disparities in a rural-urban context. It is important that more 
resources, including equipment and skilled health workers be availed in 
these facilities to reverse this trend.
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FACTS AND RUMORS: SOCIAL MEDIA REACTION TO 
INFORMATION AND MISINFORMATION ON EBOLA

Isaac Chun-Hai Fung1, King-Wa Fu2, Chung-Hong Chan2, 
Benedict Shing Bun Chan3, Chi-Ngai Cheung4, Thomas Abraham2, 
Zion Tsz Ho Tse5
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United States, 5The University of Georgia, Athens, GA, United States

We analyzed the misinformation circulating on Twitter and Sina Weibo 
(the leading Chinese microblog platform) at the outset of the 2014 Ebola 
epidemic. We retrieved Twitter and Weibo data created within 24 hours 
of the WHO announcement of Public Health Emergency of International 
Concern (Batch 1) and seven days later (Batch 2). We obtained a 1% 
random sample of the Twitter universe, of which tweets containing 
the keyword Ebola were analyzed. We retrieved all Weibo posts with 
Chinese keywords for Ebola for analysis. Trending and fading analysis 
was performed for keywords, hashtags and web links. We identified 

misinformation by manual coding and categorization of randomly selected 
sub-datasets. Ebola-related misinformation constituted a minority of 
Twitter and Weibo contents. The predominant content was information 
released by public health agencies and the major news agencies. Two 
misinformed speculated “treatment” predominated in Twitter posts. 
Saltwater was speculated to be protective against Ebola in the first 
batch of tweets, but faded a week later. “Nano-silver” was on the top 
10 trending Twitter list. Chinese microblogs focused on the Chinese 
government sending medical assistance to Africa. In conclusion, in the 
2014 Ebola epidemic, Twitter and Weibo are platforms that circulate 
outbreak news and scientific health information.
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A QUALITATIVE EVALUATION OF STAKEHOLDER 
PERSPECTIVES ON THE MILLENNIUM VILLAGE PROJECT 
SUCCESSES AND CHALLENGES IN SAURI, KENYA

Yesim Tozan1, Eui Young Kim1, Alexander N. Morse1, Yumary 
Ruiz2

1New York University, Global Institute of Public Health, New York, NY, 
United States, 2Purdue University, Department of Health and Kinesiology, 
West Lafayette, IN, United States

The Millennium Villages Project (MVP) is a 10-year, multi-sectorial, rural 
development program that strives to achieve the Millennium Development 
Goals at an annual cost of US$110 per capita through implementation 
of evidence-based interventions across sectors, including agriculture, 
health, and education. Focusing on early implementation of the first 
MVP site in Sauri, Kenya, perspectives held by major stakeholders 
(N=27) in the planning and implementation of project activities were 
examined using semi-structured interviews. Key stakeholders represented 
implementing agency and partners from village sector committees 
(VSCs), local and regional government agencies, international health 
agencies, non-governmental organizations, and academic and policy 
institutions. Interviews were recorded, transcribed, and analyzed using 
NVivo10, a qualitative software. Interviews were coded inductively and 
independently by three researchers to ensure high inter-rater reliability. 
Data suggest differing views among stakeholders around program 
successes. Additionally, although MVP sought to impact changes in 
three areas -namely, agriculture, health, and education- during its early 
phase, most emphasized positive effects in health and agriculture, with 
fewer mentioning achievements on education. Distinctions in expressed 
challenges were found with most indicating planning difficulties 
regarding development and mobilization of VSCs and others identifying 
implementation barriers associated with program adoption and adaption. 
Conflict was apparent in stakeholder comments around resolving village-
level power struggles and reconciling conflicts between MVP activities and 
government policies. Findings also suggest enhancement in community 
cohesion and capacity. This qualitative evaluation of stakeholder 
perspectives on MVP successes and challenges contributes to the current 
debate at national and international levels in setting and implementing 
rural development policies.
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DISTRIBUTION OF PHLEBOTOMUS ORIENTALIS IN MERTI 
KENYA

Elizabeth N. Kioko
Kenya Medical Research Institute/US Army Medical Research Unit, Kisumu, 
Kenya

Visceral leishmaniasis (VL) is a neglected tropical disease in East Africa 
whose principle vector of the disease casing agent is the sand fly 
Phlebotomus martini and P. orientalis, however not much is known 
on the distribution and biogeography. The sandfly, P. orientalis is a 
principal vector of leishmaniasis in Sudan and Ethiopia, where it has been 
associated with black cotton soil and Acacia seyal and Balanites aegyptica 
trees. The range of P. orientalis has not historically involved Kenya, but 
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recent surveillance data has revealed that these sandflies are present in 
high numbers sufficient for it to sustain transmission. The objective of the 
current study was to explore the distribution of P. orientalis in Merti and 
Isiolo, Kenya by sampling in multiple habitats. Sampling was conducted 
for five nights using CDC light traps baited with dry ice placed along a 
river bed, in a village next to houses, a cattle camp, and next to a goat 
shed in open fields. The village, cow and goat sheds, were more than two 
kilometers from the river in this rural area of Kenya. All sampled sand flies 
were separated into Phlebotomus and Sergentomyia genera. Identification 
was completed on all Phlebotomus and 10% of the Sergentomyia 
sandflies collected. A total of 344, P. orientalis were sampled over the five 
nights of trapping. Human dwellings had 27% (94), representing four P. 
orientalis per trap per night, the river bed had 29% (101) representing 
three P. orientalis per trap night. Cow and goat sheds had 25% (86) and 
19% (63) representing 14 and 32 P. orientalis sandflies per trap night, 
respectively. The majority of the sand flies caught were females. A few 
of the males sampled had unrotated genitalia; implying that all habitats 
sampled were breeding habitats. This is the first recorded sampling 
of P. orientalis in animal and human dwellings in Kenya. This study 
illustrates that P. orientalis is more widely distributed than previously 
thought. Further studies that investigate the possible blood meal sources 
and natural infection rates are needed because of the evidence of this 
leishmanisis vector breeding near human dwellings.
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THE IMPACT OF FOUR YEARS OF SEMI-ANNUAL IVERMECTIN 
TREATMENT ON TRANSMISSION OF ONCHOCERCA 
VOLVULUS AND THE FEASIBILITY OF ONCHOCERCIASIS 
ELIMINATION THE SOME GHANAIAN COMMUNITIES

Francis B. Veriegh
Council for Scientific and Industrial Research-Water Research Institute, 
Accra, Ghana

Since 2009 onchocerciasis endemic villages in Ghana have shifted from 
annual to semi-annual ivermectin treatment due to a change in the control 
strategy by the African Programme for Onchocerciasis Control (APOC) 
from morbidity control to elimination of infection. A standard annual dose 
of ivermectin kills close to 99 % of skin microfilariae and temporarily halts 
microfilariae production by female adult worms. We used entomological 
techniques to assess the impact of semi-annual ivermectin treatments 
on Onchocerca volvulus transmission and to explore the feasibility of 
onchocerciasis elimination in Ghana. Adult female Simulium damnosum 
s.l. were collected from 17 onchocerciasis endemic communities, which 
have been receiving annual rounds of ivermectin treatment, using human 
land catches and analysed for parity rates and O. volvulus infection. O. 
volvulus transmission indices were estimated from manual fly dissection 
data. A total of 53,675 female blackflies were analysed after four years 
of vector collection, 19,156 (35.7 %) of which were parous and 776 
flies were infected with O. volvulus larvae. 265 (0.5 %) flies haboured 
439 L3s in the head representing an overall infectious rate of 0.82 %. 
Monthly biting rates (MBR) varied from a minimum of 0 bites in the dry 
season to a maximum of 10579 bites in the wet season while the monthly 
transmission potential (MTP) ranged from 0 to 320.3 infective bites. The 
vector infectivity rates also varied from 0 to 219.5 L3s per 1000 parous 
flies. After four years of semi-annual treatment seasonal biting rates, 
ranging from 15.3 to 15,694 bites, remained high and transmission 
of O. volvulus had reduced drastically in all communities except New 
Longoro, Tainso, Agborlekame I and Wiae. Infection appears to have 
been interrupted in 4 of the 17 communities with seasonal transmission 
potentials (STP) below postulated thresholds of under 20 L3s per 1000 
parous flies after three years of semi-annual ivermectin treatment. The 
implications for onchocerciasis elimination in Ghana will be discussed.
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HIGH-THROUGHPUT MULTIPLEX FRAGMENT ANALYSIS FOR 
IDENTIFICATION OF ANOPHELES GAMBIAE SL IN MALARIA 
ELIMINATION ERA

Majidah B. Hami-Adiamoh, Muna Affara, Davis Nwakanma
Medical Research Council Unit, Banjul, Gambia

Identification of mosquito vector species is important in control of 
vector-borne disease as it provides better understanding of local vector 
species involved in disease transmission. Large scale frequent sampling is 
common in entomological surveillance in malaria elimination programs 
and requires robust genotyping method. Although various molecular 
assays have been developed for vector identification in regional control 
programs, they are not suitable for large sample size vector surveillance. 
Therefore, a robust, rapid, high-throughput and portable genotyping 
method is needed where species of as large as a thousand mosquito 
specimens can be identified from a single PCR plate within a short period 
to inform timely control measures. Here, we describe the optimization and 
validation of a novel method, multiplex fragment analysis (MFA) to enable 
routine and rapid identification of large scale surveillance specimens. 
PCR amplification of mosquito specimens was performed using modified 
forward oligonucleotide primers of two widely-used protocols followed by 
fragment separation with capillary electrophoresis and detection by laser 
using DNA analyzer. Up to a thousand mosquito specimens were pooled 
together in a single PCR plate and identified by differences in their sizes 
and colors. Validation was done with previously genotyped genomic DNA 
of 1,056 specimens. Agreement in species identification between the 
novel MFA and current methods was compared using Kappa statistics and 
turn around times for specimen processing were calculated. The novel 
MFA showed ῀100% agreement with current methods in identifying An. 
arabiensis, An. gambiae ss, An. colluzzii and An. melas. The estimated turn 
around time for processing 1,056 specimens using the novel method was 
20 working hours (῀3 working days) but 54 working hours (῀7 working 
days) with classical methods. The novel MFA is rapid, reproducible and 
highly applicable for large scale entomological surveys compared to the 
existing methods. It is also less-laborious and has better genotyping 
resolution than the current gel agarose electrophoresis-based methods.
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SYSTEMATICS OF THE AMBLYOMMA MACULATUM GROUP 
OF SPECIES (ACARI: IXODIDAE)

Paula Lado1, Danielle Hibbs1, Santiago Nava2, Lorenza Beati1
1Georgia Southern University, Statesboro, GA, United States, 2Instituto 
Nacional de Tecnologia Agropecuaria, Rafaela, Santa Fe, Argentina

The “Amblyomma maculatum group” currently includes 5 species: A. 
maculatum Koch, 1844; A. neumanni Ribaga, 1902; A. parvitarsum 
Neumann, 1901; A. tigrinum Koch, 1844 and A. triste Koch, 1844. 
Amblyomma maculatum, A. triste, and A. tigrinum exhibit a striking 
morphological similarity, more obvious between the first two species. 
This fact has led to misleading identifications more than once in the 
past. As the distribution areas of the three species sometimes overlap, 
identifications can become even harder. The three species are vectors 
of pathogens of public health importance, such as Rickettsia parkeri. 
Therefore, a correct identification is the first step towards establishing 
control and prevention strategies. The main objective of our work was 
to reassess the taxonomic status of A. maculatum, A. triste and A. 
tigrinum by using 6 different molecular markers. Tick specimens were 
obtained from different North, Central and South American countries. 
The molecular markers employed were the fast evolving 12SrDNA, 
16SrDNA, D-loop, COI, COII (mitochondrial) and ITS2 (nuclear) genes. The 
phylogenetic analyses were consistent in identifying three different genetic 
clades. One of them, corresponding to A. tigrinum, exhibits values of 
genetic divergence from the other species high enough to consider it 
a separate species, whereas preliminary phylogenetic results could be 
consistent with A. maculatum and A. triste being conspecific.
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HOUSE INFESTATION DYNAMICS OF TRIATOMA DIMIDIATA 
IN SAN LORENZO, ECUADOR

Natalie A. Cain1, Jorge Monroy Nicola2, Hugo Jurado Salazar2

1University of Miami Miller School of Medicine, Miami, FL, United States, 
2Ministry of Public Health, Guayaquil, Ecuador

Triatoma dimidiata is the main vector of Chagas disease in Ecuador. It 
is an invasive species widely distributed in house parameters along the 
tropical pacific coast. Despite the Ecuadorian Ministry of Health’s goal 
to eliminate the vector by 2017, its vectorial capacity and infestation 
patterns remain to be elucidated. This study fills the gap by providing new 
knowledge in the extent of distributional patterns and infestation rates of 
T. dimidiata in a remote, high-risk community. Triatomines were collected 
during November 2013 and April 2014 in the rural community of 205 
houses in San Lorenzo, Ecuador. Houses were noted as fully searched, 
partially searched, or closed and mapped using Picasa GPS to show 
insect distribution. Intra- and peri-domiciliary searches were performed 
in a two-man team for T. dimidiata. The data were used to calculate 
entomological indices including infestation index, density, crowding, 
and colonization index. Positive houses and those in the perimeter were 
sprayed with deltamethrin at 25 mg a.i./m2. A total of 435 T. dimidiata 
(324 of which were nymphs) were collected in November in 28 houses, 
27 of which had peri-domiciliary infestation. 388 (301 nymphs) specimens 
were found in April in 24 peri-domiciliary houses. Vectors were most 
frequently discovered in bird nests and construction materials stored 
outside of homes. Colonization indices of 89.9% and 100% respectively 
show vector reproduction was occurring in almost all homes. An 
infestation index of 15.6% and 21.4% respectively shows nearly a quarter 
of the community housed T. dimidiata. Re-infestation was observed in 8 
houses, possibly due to insufficient insecticide capacity. New infestation 
occurred in 5 houses, notably in those located next to closed homes. 
Our data suggest that T. dimidiata house infestation in San Lorenzo 
is not randomly distributed, primarily peri-domiciliary, well established 
and reproducing. The quantity of specimens collected emphasizes its 
importance as a Chagas vector and suggests that increased community 
surveillance and effective insecticides are needed to attain T. dimidiata 
elimination in Ecuador.
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SURVEILLANCE REPORTS AND RECOLONIZATION OF 
TRIATOMA INFESTANS FOLLOWING AN URBAN VECTOR 
CONTROL CAMPAIGN IN AREQUIPA, PERU

Fernando S. Malaga Chavez1, Ricardo Castillo-Neyra2, Corentin 
M. Barbu3, Juan G. Cornejo del Carpio1, Andy Cataccora 
Rospigliossi4, Michael Z. Levy5

1Dirección Regional del Ministerio de Salud, Arequipa, Arequipa, 
Peru, 2Universidad Peruana Cayetano Heredia, Arequipa, Peru, 3INRA, 
Paris, France, 4Red de Salud Arequipa, Arequipa, Peru, 5University of 
Pennsylvania, Philadelphia, PA, United States

In the city of Arequipa, Peru, a Chagas disease vector control campaign 
has been ongoing since 2003. After the attack phase of insecticide 
residual spraying, treated areas enter a surveillance phase, which mainly 
consists of resident reports of vector return to health posts. We previously 
analyzed homeowner reports received between 2009 and 2012 and 
developed multivariate models to identify risk factors, collected during the 
attack phase, Multivariate models provided the the surveillance phase of 
the campaign confirm that nonparticipation in the initial treatment phase 
is a major risk factor (odds ratio [OR] 21.5, 95% CI 3.35-138). Infestation 
during surveillance also increased over time (OR 1.55, 95% CI 1.15-
2.09 per year). In addition, we observed a negative interaction between 
non- participation and time (OR 0.73, 95% CI 0.53-0.99), suggesting 
that recolonization by vectors progressively dilutes risk associated 
with nonparticipation. Here we use these models to identify high-risk 
households for survey, and test the sensitivity and specificity of the 

models to detect infestation in a new dataset, consisting of vector reports 
between 2012 and 2015. We then field-test the model by conducting 
additional active search for vectors in the city.

96
A SURVEY OF TICK SPECIES (ACARI: IXODIDAE) AND 
SCREENING OF TICK-BORNE RICKETTSIAL PATHOGENS IN 
BELIZE, CENTRAL AMERICA

Suppaluck Polsomboon1, David F. Hoel1, Jittawadee R. Murphy1, 
Chien Chung Chao2, Wei Mei Ching2, Richard G. Robbins3, Nicole 
L. Achee4, John P. Grieco4

1Department of Preventive Medicine and Biostatistics, Uniformed Services 
University of the Health Sciences, Bethesda, MD, United States, 2Viral and 
Rickettsial Diseases Department, Infectious Disease Directorate, Naval 
Medical Research Center, Silver Spring, MD, United States, 3Armed Forces 
Pest Management Board, Silver Spring, MD, United States, 4Department 
of Biological Sciences, Eck Institute for Global Health, University of Notre 
Dame, Notre Dame, IN, United States

Tick-borne rickettsial infections are emerging as an important public health 
concern in travel medicine. These pathogens are transmitted to humans 
and animals by the bite of ixodid ticks. There is a lack of data on rickettsial 
pathogens associated with ixodid tick species in Belize, Central America. 
This study was conducted to investigate the presence of Rickettsia species 
in ticks from three of the six districts of the country. Ticks were collected 
from domestic animals and by tick-drag sampling in 23 different villages 
in northern and western Belize in November 2014 and February 2015. 
A total of 1,966 ticks were collected and morphologically identified to 
species. They were then pooled, according to species and life stage, for 
DNA extraction and screening for Rickettsia by real-time PCR (qPCR) using 
genus-specific primers targeting the 17kDa gene. Positive samples were 
tested by PCR using primers specific for spotted fever group (SFG) and 
typhus group (TG) Rickettsia followed by sequencing for confirmation. 
The majority of ticks collected were Amblyomma mixtum (previously 
known as Amblyomma cajennense), A. maculatum, A. ovale, 
Dermacentor nitens and Rhipicephalus sanguineus. Additionally, a 
small number of R. microplus, Ixodes affinis and I. boliviensis were 
captured. Thus far, a pool of A. mixtum has been confirmed with spotted 
fever group Rickettsia infection. Data from this study will be used 
for mapping tick distribution as well as modeling the risk of rickettsial 
infections associated with ixodid tick species in Belize. 

97
THE ECOLOGY OF WOLBACHIA IN NATURAL MOSQUITO 
HOSTS

Jill N. Ulrich
University of Miami, Coral Gables, FL, United States

Wolbachia are a group of endosymbiotic bacteria infecting 25-76% of 
arthropods. The newly developed strategy of combating mosquito-borne 
diseases by releasing Wolbachia-transinfected mosquitoes into disease-
afflicted regions is based on the ability of Wolbachia to suppress many 
human pathogens in insects, including dengue fever virus and human 
malaria parasites, and to spread through insect populations by the 
mechanism of cytoplasmic incompatibility. While aspects of Wolbachia 
ecology have been studied in recently trans-infected mosquitoes and 
in several other arthropod hosts, little is known about the ecology 
of Wolbachia in natural mosquito hosts. In mosquito species such as 
container-breeder Aedes notoscriptus and salt marsh inhabitant Culex 
sitiens, Wolbachia infection frequencies in the field range from 25-85% 
and 50-100%, respectively. Ecological factors such as the role of ovarian 
microbiota in maternal transmission and the effect of environmental 
conditions on larval Wolbachia titre may be responsible for the patchy 
distribution of Wolbachia infections in these species. The results of 
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experiments exploring these ecological phenomena in Ae. notoscriptus 
and Cx. sitiens will be presented. Findings may be relevant to the success 
of releasing Wolbachia transinfected mosquitoes for disease control.

98
PROTEOMIC AND GENOMIC ANALYSIS OF SARCOPTES 
SCABIEI

Marjorie S. Morgan, S. Dean Rider, Jr., Larry G. Arlian, William C. 
Grunwald, Jr., David R. Cool
Wright State University, Dayton, OH, United States

Scabies is a pruritic skin disease caused by the burrowing of the mite 
Sarcoptes scabiei. Symptoms mimic other skin diseases and thus it is 
difficult to diagnose. No reliable blood or molecular diagnostic test is 
available. The aim of this project was to identify scabies mite proteins, 
including those that may be useful in the development of a diagnostic test, 
using a combined proteomic and genomic approach. Scabies mite extract 
was separated by 2-dimensional electrophoresis and 844 Coomassie Blue 
stained protein spots were excised, subjected to trypsin digestion and 
analyzed by MALDI-TOF/TOF mass spectrometry (MS). In parallel, a draft 
genome of Sarcoptes scabiei var. canis was generated from paired end 
sequences using DeBruijn graph-based assembly methods. Assembled 
contigs covered 56.2 megabases with a contig N50 of 11.1 kb. The 
assembly was used to predict the S. scabiei proteome. Maker was used for 
structural annotations of 10-12,000 protein-coding genes. Roughly 70% 
of the predicted proteins could be assigned to an orthologous group, and 
were given natural language identifiers based on their homology to other 
proteins. The assembled genome and predicted proteome were then used 
to help deduce the origins of peptides identified by mass spectrometry. 
Deduced sequences that aligned to tryptic fragment sequences 
determined by MS were then searched by BLASTp vs. the NBCInr database 
(with taxonomy restricted to Acari) leading to the identification of > 150 
proteins. Only 14 proteins hit to previously-identified scabies proteins with 
12 yielding significant hits to dust mite homologs. Most other sequences 
(~100) aligned to proteins in other mites and ticks while the remainder 
possessed conserved protein domains. These data will now allow us to 
determine the identity of the proteins to which scabies patients produce 
antibodies, including those that may be good candidates for inclusion in a 
diagnostic test.
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HEAT TREATMENT TO CONTROL TRIATOMINE VECTORS OF 
CHAGAS DISEASE

Ricardo Castillo-Neyra1, Renzo Salazar2, Carlos Condori2, Cesar 
Naquira2, Michael Z. Levy1

1University of Pennsylvania, Philadelphia, PA, United States, 2Universidad 
Peruana Cayetano Heredia, Lima, Peru

Currently, treatment to control triatomine vectors of Trypanosoma 
cruzi, the causative parasite of Chagas disease, is mostly based on the 
use of insecticides through indoor residual spraying campaigns. These 
spraying campaigns are costly and expose a large number of people to 
chemicals. In the US and other countries, pests from the Hemiptera order, 
such as bedbugs, are controlled with heat treatment. Heat treatment has 
the advantages of preventing the development of insecticide resistance 
and being environmentally friendly. We first tested, under laboratory 
conditions, the effect of different temperatures on the survival and 
reproduction indexes of Triatoma infestans, the most important vector 
of T. cruzi in the southern cone of South America. We found that T. 
infestans shows susceptibility to moderately high heat temperatures 
beginning at 48°C. We designed and implemented a transportable 
greenhouse chamber with low-cost and common materials. The chamber 
was big enough to contain household items such as mattresses, clothing, 
brick piles, etc. We placed T. infestans of different stages and eggs on 
top and within the household items. We field tested the chamber and 
found that on days with sufficient sun, it reaches temperatures that kill 

100% of T. infestans and completely reduce the viability of triatomine 
eggs. The use of this chamber could complement the work of insecticide 
spraying campaigns in instances in which the use of insecticide would be 
cumbersome and much insecticide would be wasted (e.g. large piles of 
rocks, bricks, or other construction materials), reluctance of dwellers to 
accept insecticide spraying because of the presence of animals, or in the 
case of infestation of kissing bugs within mattresses or other items that 
would otherwise have to be destroyed or damaged to remove the insects.

100
IDENTIFICATION, DIVERSITY AND DISTRIBUTION OF 
POTENTIAL SAND FLY VECTORS IN ENDEMIC AREAS OF 
LEISHMANIASIS AT THE PERU, BRAZIL, AND BOLIVIA TRI-
BORDER REGION

Roberto Fernandez1, Liz Espada1, Victor Zorrilla1, Albino Urquía1, 
Reginaldo Brazil2, Craig Stoops1, Frederick M. Stell3, Andrés G. 
Lescano1, Gissella M. Vásquez1, Hugo O. Valdivia1

1U.S. Naval Medical Research Unit - 6, Callao, Peru, 2Oswaldo Cruz 
Institute, FIOCRUZ, Rio de Janeiro, Brazil, 3Armed Forces Pest Management 
Board, Silver Spring, MD, United States

The Peru-Brazil-Bolivia tri-border region is a highly endemic area for 
leishmaniasis in the Amazon, yet information about the diversity and 
distribution of sand fly vectors is limited. Recent expansion of the 
New World visceral leishmaniasis vector, Lutzomyia longipalpis, into 
non-endemic regions in Brazil and Bolivia could pose a serious risk to 
populations in Peru where neither the disease nor the vector are found. 
The goal of this study was to characterize the sand fly fauna and identify 
potential leishmaniasis vectors in two communities near the Peru-Brazil-
Bolivia tri-border. Sand flies were collected in Flor de Acre and Villa 
Primavera (Tahuamanu, Madre de Dios, Peru) from February-September 
2014, using CDC light traps, CDC UV traps, and Shannon traps. A total 
of 6,185 sand flies were identified to the genera Lutzomyia (49 species) 
and Brumptomyia (2 species). The most abundant species were Lu. 
yucumensis (32%), Lu. whitmani (19%), Lu. davisi (8%), and Lu. 
carrerai (4%); all reported as cutaneous leishmaniasis vectors in the 
Amazon. The subgenus Trichophoromyia was also abundant (17%), 
among which Lu. auraensis, potential cutaneous leishmaniasis vector, 
was identified. Lutzomyia longipalpis was not recorded. Sand fly species 
number (36) was comparable between sites but species composition 
differed. Sand fly abundance was higher in Flor de Acre (5,561) than in 
Villa Primavera (624); the Shannon-Weaver diversity index (H) was lower in 
Flor de Acre (H=0.73) than in Villa Primavera (H=0.93). Potential sand fly 
vector abundance was higher in Flor de Acre (97%) than in Villa Primavera 
(75%), which could be linked to leishmaniasis transmission. We provide 
information about the diversity and abundance of putative cutaneous 
leishmaniasis vectors in the Peruvian side of the Peru-Brazil-Bolivia tri-
border where Lu. longipalpis is still absent. Recent results in the Brazilian 
side confirmed the abundance of the subgenus Trichophoromyia among 
which Lu. aurensis was recorded; however, Lu. longipalpis was also 
absent. Future studies will determine Leishmania infection rates of these 
sand flies to predict disease transmission potential. 
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INVESTIGATING THE ROLE OF TSETSE PGRP-LA IN THE FLY’S 
RESISTANCE TO TRYPANOSOMES

Aurelien Vigneron1, Emre Aksoy1, Xin Zhao1, Xiaoli Bing1, 
Jingwen Wang2, Serap Aksoy1

1Yale School of Public Health, New Haven, CT, United States, 2Fudan 
University, Shanghai, China

Tsetse flies (Glossina spp.) are the sole vectors of protozoan African 
trypanosomes, which cause Human and Animal African Trypanosomiases 
(HAT and AAT, respectively) in sub-Saharan Africa. While most tsetse flies 
are highly refractory to parasite infection, a small proportion of individuals 
are susceptible and thus responsible for disease transmission. Tsetse’s 
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ability to immunologically detect trypanosomes following ingestion of an 
infectious blood meal is of paramount relevance to infection outcomes. 
The insect immune system relies on several Pattern Recognition Receptors 
(PRRs), among which the PeptidoGlycan Recognition Proteins (PGRPs) 
play a central role. PGRPs form a conserved family of proteins that 
function to sense Microbe Associated Molecular Patterns (MAMPs), 
trigger innate immune pathways, modulate immune responses, or 
present direct anti-microbial activity. The tsetse fly genome encodes six 
different PGRPs. Using real-time quantitative PCR we show that pgrp-la 
is significantly up-regulated in the gut associated proventriculus organ 
(cardia) of trypanosome-infected flies. RNAi-mediated knockdown of 
pgrp-la expression facilitates the establishment of parasite infections in 
tsetse. Thus, we suggest that the PGRP-LA may play a key role in parasite 
detection and the subsequent regulation of host immune responses. 
Unraveling the immune mechanisms that underlie tsetse detection of 
pathogenic trypanosomes may lead to the development novel disease 
control strategies based on enhancing the fly’s ability to perceive and 
immunologically respond to the presence of parasites.
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EVIDENCE FOR POPULATION REPLACEMENT AND 
ECOLOGICAL ADAPTATION IN ANOPHELES DARLINGI FROM 
THE PERI-IQUITOS REGION OF PERU

Jan E. Conn1, William Lainhart2, Sara A. Bickersmith1, Kyle 
Nadler2, Marta Moreno3, Marlon Saavedra4, Virginia M. Chu2, 
Paulo E. Ribolla5, Joseph M. Vinetz3

1Wadsworth Center, New York State Department of Health, Slingerlands, 
NY, United States, 2Department Biomedical Sciences, State University of 
New York at Albany, Albany, NY, United States, 3Division of Infectious 
Diseases, Department of Medicine, University of California San Diego, 
San Diego, CA, United States, 4Asociacion Benefica PRISMA, Iquitos, Peru, 
5Universidade Estadual Paulista, Botucato, Brazil

The Neotropical malaria vector, Anopheles darlingi, was reintroduced 
into the Iquitos, Loreto, Peru area during the early 1990s, where it caused 
a major epidemic (158,115 reported cases in 1997) of Plasmodium vivax 
and P. falciparum. We investigated the population genetic structure of 
An. darlingi sampled before and after the introduction of insecticide 
treated nets (ITNs) for evidence of population change, and tested current 
samples of An. darlingi for a signature of ecological adaptation to 
highway versus riverine habitat, linked to forest cover. Several analyses 
of microsatellite loci from seven settlements (2006) and nine settlements 
(2012-2014) in the Iquitos area detected distinctive populations with little 
overlap, although it is unclear whether this population replacement is 
associated with ITN distribution or climatic events. Interestingly, this current 
population of An. darlingi is most closely related to mosquitoes collected 
in northwestern Bolivia in 1991. Two highly admixed subpopulations, 
A and B, identified within the current population, were differentiated 
by habitat with B significantly overrepresented in highway, and both in 
near-equal proportions in riverine. There is strong evidence of population 
expansion in both subpopulations, and moderate genetic differentiation 
between them. Habitat and forest cover had a significant effect on 
human biting rate (HBR), such that risk of Plasmodium transmission, as 
measured by entomological inoculation rate (EIR), in peridomestic (within 
village) riverine settlements was three-fold higher than in peridomestic 
highway settlements. Subpopulations A and B may be in an early stage of 
differentiation triggered by anthropogenic alterations to local habitat.
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COMPARATIVE MICROBIOME OF TRIATAMA INFESTANS, 
VECTOR OF CHAGAS DISEASE

Natalie M. Bowman1, Jonathan J. Juliano1, Katty Borrini Mayori2, 
Renzo S. Salazar Sanchez2, Carlos Condori Pino2, Eric Barnett1, 
Steven R. Meshnick1, Robert H. Gilman3, Michael Z. Levy4

1University of North Carolina Chapel Hill, Chapel Hill, NC, United States, 
2Universidad Peruana Cayetano Heredia, Arequipa, Peru, 3Johns Hopkins 
Bloomberg School of Public Health, Baltimore, MD, United States, 
4University of Pennsylvania, Philadelphia, PA, United States

The microbiota of the insect gut has been shown to be important 
for several vector-pathogen relationships; for example, the bacterium 
Wolbachia has profound effects on mosquito life span and fitness as a 
vector of dengue and other infections. Triatomine bugs are the vector of 
Chagas disease, a chronic parasitic infection caused by Trypanosoma 
cruzi that affects 8-12 million Latin Americans. We used deep sequencing 
to describe the hindgut microbiome of the most important vector of T. 
cruzi, Triatoma infestans. We compared the diversity and composition 
of the gut microbiome of 3 groups of triatomines: 1) lab-raised T. cruzi-
infected, 2) lab-raised T. cruzi-uninfected, and 3) uninfected bugs caught 
in households in Arequipa, Peru. We conducted amplicon sequencing 
of the V4 region of bacterial 16S RNA using Ion Torrent. We analyzed 
3-4 bugs per group, using 2-3 replicate PCRs per sampled bug. Diversity 
between individuals and groups was compared using MG-RAST, EstimateS, 
and QIITA. Rarefaction curves were approaching their asymptote 
suggesting most genera were likely detected in the majority of samples. 
The microbiomes of wild-caught bugs were more diverse than the 
microbiomes of either lab-raised group, though this was largely driven by 
samples from one fifth-stage nymph whose gut contained more than 300 
species (twice that of the next most-diverse sample). Enterococcus and 
Arsenophonus were the predominant genera found in lab raised bugs, 
with the exception of one T. cruzi-uninfected bug where Morganella 
predominated. In contrast, there was no one predominant genus 
identified in wild-caught bugs, and Enterococcus and Enterbacteriaciae 
were not substantial components. There were not large differences in 
α diversity between lab-raised T. cruzi-infected and -uninfected bugs. 
Future studies should examine geographic differences in triatomine 
microbiome composition and diversity, microbiome changes with bug 
stage and infection status both in the lab and in the wild, and the effect 
of antibiotic-mediated disruption of the triatomine gut on susceptibility to 
infection by T. cruzi.
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PHYLOGEOGRAPHY OF TRIATOMA DIMIDIATA, A MAJOR 
VECTOR OF CHAGAS DISEASE, IN BELIZE

Angela Caranci1, John Grieco2, Nicole Achee2

1Uniformed Services University, Kensington, MD, United States, 2University 
of Notre Dame, Notre Dame, IN, United States

Triatoma dimidiata is the main triatomine vector of Chagas disease 
throughout Central America and southern Mexico. Throughout this broad 
distribution range, differences in vector behavior have been observed 
that could likely impact the vectorial capacity of local insect populations. 
Coupled with recent publications regarding the intraspecific genetic 
variability within T. dimidiata which have successfully distinguished 
five groupings within what is now designated T. dimidiata sensu lato, 
these observations support the need for additional research. Extensive 
investigation regarding the phylogeography of T. dimidiata s.l. has 
revealed broad patterns describing the divergence and genetic isolation 
of groupings with the species complex. Here, we characterize the genetic 
profiles of vectors collected from northern and central Belize, a region 
which has been strongly underrepresented in the relevant literature. The 
data presented here appear to lend support to previously reported trends 
in the divergent evolution and geographic radiation of the subgroupings 
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within T. dimidiata s.l. As the genetic profiles of these seemingly isolated 
populations are further defined, it is possible that concomitant behavioral 
attributes with implications for efficient vector control may be revealed.
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EVIDENCE OF GENE FLOW IN FEMALE OF ANOPHELES 
GAMBIAE S.S RESULTING OF MASS CROSSING OF AN. 
COLUZZII AND AN. GAMBIAE S.S GILES

Chabi Joseph
Noguchi Memorial Institute for Medical Research, Accra, Ghana

Hybridization between Anopheles coluzzii and An. gambiae Giles has 
been increasingly reported in sub Saharan African countries over the past 
decade. An. coluzzii (previously referred to as An. gambiae M molecular 
form) and An. gambiae s.s Giles (previously referred to as An. gambiae 
S molecular form) were considered to be reproductively isolated, yet 
hybrid specimens have been found in the field. This phenomenon was 
studied in laboratory by crossing ten virgin females and males of each 
form in separated small cages and allowed them to mate. The resulting 
progeny were analyzed using PCR methods to detect molecular forms. An 
average of 50 mosquitoes including males and females were analyzed per 
generation, giving approximately 1000 mosquitoes for the two crossing 
ways of the experiments and the five generations analyzed. The results 
showed 100% hybrid females at the first progeny (F1 generation) and 
100% males carrying the parent female’s phenotype. A decrease in the 
hybrid proportion was observed from the second generation which was 
due to the fact that the male were not hybrid (analysis of progenies is still 
going on). On the other hand, it has been noted a shift of the male forms, 
which were inversely changed following the female parent form in the two 
experiments at the first progeny stage. This study confirmed the ability of 
M and S molecular forms to hybridize. Further monitoring is required to 
understand the extent of hybridization in the field. A better understanding 
of the interaction between these two species is required, particularly in the 
context of differing resistance genotypes.
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LESSONS LEARNED, CHALLENGES AND PROSPECTS AFTER 
SIX YEARS OF EXPERIENCE IN THE IMPLEMENTATION OF 
INDOOR RESIDUAL SPRAYING IN BENIN, WEST AFRICA

Martin Akogbeto, Rock Aïkpon, Gil Padonou, Razaki Osse, 
Fiacre R. Agossa, Anges Yadouléton
CREC, Cotonou, Benin

From 2008 to 2013, a prevention intervention against malaria based 
on Indoor Residual Spraying (IRS) supported by the President’s Malaria 
Initiative (PMI) of the US Government was implemented in Benin. This 
intervention protected more than 350,000 people in the south and over 
650,000 people in the north. From 2008 to 2012, Ficam M, a Bendiocarb-
containing product was used for house spraying and in association with 
Pirimiphos methyl EC (Actellic EC) in 2013. Entomological Monitoring-
Evaluation (M&E) is based on IRS impact on Human Biting Rate (HBR), 
Entomological Inoculation Rate (EIR) and blood meal inhibition in 
Anopheles gambiae, the main malaria vector in the study area.The 
purpose of this project was to draw attention to the lessons learned during 
the M&E, new challenges and future prospects for the success of IRS in 
Benin and generally in Africa. The main strength of the intervention was 
a large-scale operation in which more than 80% of the structures were 
treated, thanks to the massive support of the population. In addition, a 
drastic reduction of the Entomological Inoculation Rate of An. gambiae 
in areas under IRS were observed in the first 4 months following the 
treatment of structures. However there were many challenges including 
the high cost of IRS implementation and the identification of suitable areas 
to implement IRS. This was because of the low short residual effect of the 
insecticides recommended for IRS and the difficulties to manage vector 
resistance to insecticides. These indicated challenges are accompanied 
by suggested solutions. For example, the presence of international 

NGOs supporting the implementation of IRS in Africa, particularly in 
Benin, should be limited in time to allow local organizations with the 
relevant skills in terms of IRS planning and implementation to take over. 
Such organizations must ensure a better partnership with the NMCPs. 
Concerning insecticide resistance management, we proposed various 
ways among which an alternation of IRS campaigns with LLINs distribution 
campaigns. IRS will then be implemented every 3 years. Between the three 
years, two years of extensive use of LLINs will be inserted.
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ARTIFICIAL COURTSHIP SONGS FOR CONTROL OF ADULT 
MOSQUITO POPULATIONS

Deodatus F. Maliti
Ifakara Health Institute, Morogoro, United Republic of Tanzania

Traditional methods of controlling adult mosquito populations involve 
the use of insecticides in form of residual sprays or embedment of the 
drugs in bed nets. These methods apart from causing contamination of 
environments and posing possible direct effects on human health; they 
are now faced with the threat of being rendered ineffective as a result of 
the development of insecticide resistance. Dispensing of insecticides in the 
form of residual sprays or insecticide-treated bed nets implies individual 
efforts at each specific household which may be impossible especially 
for poor or unwilling individuals. Moreover, these traditional methods 
are applicable only inside houses while not effectively preventing malaria 
transmission taking place outdoors. There is therefore a need to device 
new ways which are safer, insecticide-resistance-proof, while at the same 
time offering communal protection to individuals staying both indoors 
and outdoors. Since courtship songs are a crucial event leading to mating 
and consequently reproduction in mosquitoes, targeting of mosquito 
populations during this event by interrupting the mating process may lead 
to collapse of mosquito populations within as a large area as a village. 
Based on the knowledge of particular mating-songs frequencies and 
their patterns, we have developed artificial courtship songs which imitate 
mosquito natural mating songs with the hope that when these songs 
are played from a stationed sound transmitter will disrupt the swarming 
events in mosquitoes at a given radius thus leading to unsuccessful mating 
and thus collapse of local mosquito populations with time. Initial semi-
field experiments have been able to show collapse of a caged population 
of mosquitoes when treated with certain sound frequencies similar to 
those produced during mating events, while the control cage population 
without treatment continued to propagate. Further research is needed to 
develop high capacity sound delivery systems that may be applied across a 
wider range to cover the size of typical village to enable field intervention 
programs targeting to control adult mosquito populations.
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INSECTICIDE RESISTANCE MUTATIONS MODULATE 
ANOPHELES GAMBIAE HOST SEEKING BEHAVIOR

Angélique Porciani
Institut de Recherche pour le Developpement, Montpellier, France

Major means of malaria vector control are based on use of insecticides. 
Their efficiency is threatened by widespread resistance mechanisms. In 
addition to the physiological resistance mechanisms already well studied, 
the issue of the behavioral modulation as cause or consequence of the 
resistance is largely overlooked. Nevertheless there are evidences that 
insecticide-based control tools alter mosquito behavior before any contact, 
suggesting that the mosquitoes can detect the presence of the insecticide. 
In the present study, we tested this hypothesis by investigating the 
behavioral responses of different resistant genotypes (differing by presence 
of L1014F (Kdr) mutation and Ace-1) of Anopheles gambiae to host 
odors and insecticide treated equipment. Behavior experiments involving 
kdr-carrier mosquitoes, showed that heterozygous were more actives 
than two other genotypes. Moreover, homozygous resistant preferred 
host behind the permethrin treated net than host behind untreated net. 
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For Ace-1-carrier mosquitoes, results showed that mutation and the 
duplication of the resistance gene impact negatively the spontaneous 
activity of mosquitoes and their perception of host odors. Nevertheless, 
duplication seems to decrease this negative effect. We did not evidencing 
any significant effect of insecticide on host choice for these mosquitoes. 
Our results confirm the interaction between insecticide resistance 
mutations and behavior. Moreover, Kdr resistant mosquitoes can perceive 
insecticide on net and adapt their behavior in response of it. Our original 
study highlighted the urgent need for further investigations of chemical 
ecology of malaria vector in a vector control pressure context.
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A LOW COST DEVICE FOR CONTROLLING OUTDOOR HOST 
SEEKING MOSQUITOES

Stella Kessy1, Bruno Nyundo2, Jane Mccaw3, Andreas Rose3, Bart 
Knols4, Ladislaus Mnyone1, Issa Lyimo1

1Environmental Health and Ecological Science Thematic Group, Ifakara 
Health Institute, Ifakara-Morogoro, United Republic of Tanzania, 
2University of Dar-Es-Salaam, Dar-Es-Salaam, United Republic of Tanzania, 
3Biogents, Regensburg, Germany, 4In2care, Wageningen, Netherlands

Residual transmission of malaria is maintained by mosquito vectors biting 
at dusk and dawn outside houses. Outdoor baited traps have been 
promising,yet,difficult to implement in poor resource areas because of the 
expensive source of Carbon dioxide (CO2), delivery of synthetic attractants 
like CO2 and power source. This study aims to design a passive outdoor 
host seeking device (OHD) and assessing the efficacy of OHD when 
incorporated with attractive synthetic blends, non-repellent bioactives 
(e.g. bendiocarb) and natural CO2 to attract and kill malaria vectors 
outside houses. Experiments were conducted to assess efficacy of OHD 
using rectangular chamber (2.06x1.50x 1.47m) inside semi field system 
at Ifakara Health Institute in Tanzania. The device was either treated or 
untreated during experiments. The OHD device was hanged inside and 
outside rectangular chamber. The installation of the device outside the 
chamber, involved the use of a fan to suck out natural CO2 from human 
volunteer sleeping inside the chamber. Group of 100 female Anopheles 
arabiensis were released outside the chamber and left to forage 
overnight. Next morning mosquitoes were recaptured and identified as 
either dead or alive. The live mosquitoes were held in the insectary to 
record 24 hours mortality rates. The proportion of dead mosquitoes was 
compared between treated and untreated. Each experiment, treated or 
untreated was replicated three times.When OHD was hanged in the center 
of the chamber with synthetic attractants, the treated OHD improved its 
killing effect than untreated device. The percentage of attracted and killed 
mosquitoes were 18% for the worn socks, 36% for mbita strips and 33% 
for Ifakara strips. When the source of natural CO2 was added into OHD, 
the mortality rates were 65% for worn socks, 65% for Mbita strips and 
51% for Ifakara strips treated device. Therefore,the source of natural CO2 
sucked by the fan improved the attractiveness of OHD 2-3 times than with 
no CO2. Further studies are ongoing to test the OHD installed outside the 
chamber with no fan, hanged near bed net inside houses, hanged outside 
houses at the eave level and near cow sheds.
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PROFILING INSECTICIDE RESISTANCE AND OUTDOOR 
MALARIA TRANSMISSION IN ETHIOPIA: IMPLICATIONS FOR 
SUSTAINING CONTROL

Delenasaw Yewhalaw
Jimma University, Jimma, Ethiopia

Abstract Indoor Residual Spraying (IRS) and long-lasting insecticidal nets 
(LLINs) are key components in malaria prevention and control strategy in 
Ethiopia. However, the development of resistance by vectors to insecticides 
recommended for IRS and/or LLINs could affect insecticide-based malaria 
vector control. We assessed the susceptibility levels of Anopheles arabiensis 
to insecticides used in malaria control, characterize basic mechanisms 

underlying resistance and their biting activity from southwestern Ethiopia. 
Susceptibility status of An. arabiensis was assessed using WHO bioassay 
tests against insecticides used in public health. Mosquito were screened 
for knockdown resistance (kdr) and insensitive acetylcholinesterase (ace-
1R) mutations using AS-PCR and PCR-RFLP, respectively. Populations of An. 
arabiensis from the study site were highly resistant to DDT, permethrin, 
deltamethrin and malathion. However, the mosquito populations were 
susceptible to bendiocarb, propoxur and Pirimiphos methyl.The West 
African kdr allele was found with a frequency ranged from 95% to 100%. 
Ace-1R mutation was not detected. Baseline levels of metabolic resistance 
were assessed in population of An. arabiensis for esterases, mixed 
function oxidases (MFO), glutathione s-transferase (GST) and insensitive 
acetylcholinesterase (ACHE). The results of the biochemical assays 
showed that there were highly elevated activities of esterases and MFO 
in the mosquito population. However, elevated activities of glutathione 
s-transferase and insensitive acetylcholinesterase were not observed. 
Populations of An. arabiensis showed both endophagic and exophagic 
behavior with peak biting activity from 19:00h to 22:00h. The observed 
multiple-resistance coupled with outdoor and early biting behaviour in 
populations of An. arabiensis could profoundly affect malaria vector 
control programme in Ethiopia. This needs an urgent call for implementing 
integrated vector control intervention, rational resistance management 
strategy and looking for new alternative vector control tools.
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PLASMODIUM FALCIPARUM MULTIPLICITY OF INFECTION 
PRE- AND POST-VECTOR CONTROL CAMPAIGNS IN 
NCHELENGE DISTRICT, ZAMBIA

Julia Pringle, Smita Das, Tamaki Kobayashi, Kelly Searle, Mwiche 
Siame, Ben Katowa, Mike Chaponda, Mbanga Muleba, Modest 
Mulenga, Douglas Norris, William J. Moss
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States

Plasmodium falciparum malaria is holoendemic in Nchelenge District, 
Zambia where the primary vectors are Anopheles gambiae s.s. and 
Anopheles funestus s.s.. In Nchelenge District, indoor residual spray 
(IRS) and long-lasting insecticide net (LLIN) campaigns were conducted 
to reduce malaria transmission. In other settings, decreased malaria 
transmission as a result of LLIN/ITN use can lead to changes in the genetic 
diversity of P. falciparum. It is therefore critical to monitor the effect of 
the recent vector control interventions in Nchelenge District, focusing 
on multiplicity of infection (MOI)_defined as the number of genetically 
distinct P. falciparum clones present in a given infection. A pre-IRS 
analysis of three parasite gene loci from Anopheles mosquitoes indicated 
that 93.9% of mosquitoes harbored polyclonal infections with an average 
complexity of infection of 6.4 unique clones. Preliminary data from 
human dried blood spot (DBS) samples suggests the MOI in humans is 
lower. This comparative analysis is limited, however, by the low number 
of genetic loci analyzed, as well as the fact that whole mosquito samples 
must be considered both diploid and haploid while human samples are 
only haploid. Following these preliminary results, we will use a SNP-
based barcoding assay which characterizes 24 parasite loci to analyze 
DBS samples from study participants as well as salivary gland samples 
containing haploid parasite from mosquitoes. By comparing the MOI 
between vector and host as well as pre- and post-IRS, we can monitor 
the effect of vector control strategies on parasite genetic diversity. We 
hypothesize that decreased malaria transmission due to vector control 
strategies will lower the MOI in both vector and human samples with 
possible implications for acquired immunity, likelihood of disease severity, 
and rate of drug resistance development.
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EFFICACY AND PERSISTENCE OF PIRIMIPHOS-METHYL 
(ACTELLIC 300CS) FOR INDOOR RESIDUAL SPRAYING IN 
ZANZIBAR

Khamis A. Haji1, Narjis G. Thawer2, Bakari O. Khatib1, Juma H. 
Mcha1, Abdallah R. Salum1, Abdullah S. Ali1, Chris Jones3, Stephen 
M. Magesa2, Mahdi M. Ramsan2, Issa Garimo4, Jeremiah. M. 
Ngondi2
1Ministry of Health Zanzibar, Zanzibar, United Republic of Tanzania, 2RTI 
International, Dar-Es-Salaam, United Republic of Tanzania, 3Liverpool 
School of Tropical Medicine, Liverpool, United Kingdom, 4RTI International, 
Zanzibar, United Republic of Tanzania

Indoor Residual Spraying (IRS) is a principal vector control intervention for 
malaria control in Zanzibar. In 2006, Zanzibar Malaria Control Programme 
introduced IRS with lambda-cyhalothrine (ICON 10WP/CS). Following 
detection of pyrethroid resistance in 2010, insecticide resistance mitigation 
plan was proposed and IRS with Bendiocarb started in 2011. As a 
resistance management strategy, Actellic 300CS replaced the Bendiocarb 
from 2014. The study investigated residual efficacy of Actellic 300CS 
sprayed on common surfaces of human dwellings in Zanzibar. Bioefficacy 
tests aimed to determine mortality of female Anopheles mosquitoes 
exposed to sprayed surfaces and identify onset of specific decline in toxic 
effect of Actellic 300CS deposits applied to different surfaces. Six houses 
with different wall surfaces (mud wall, oil and water painted walls, lime 
washed wall, un-plastered cement block wall and un-plastered stone 
blocks) were sampled from each district of Zanzibar. Actellic 300CS was 
sprayed on surfaces at a dose of one gram of active ingredient/m2. Ten 
susceptible females Anopheles gambiae s.s (age range 2-5 days old) 
were introduced through a sucking tube into a cone exposed on sprayed 
surfaces. Subsequent tests were undertaken on monthly basis using the 
World Health Organization (WHO) guideline. Insecticide resistance testing 
was also undertaken to investigate susceptibility of local malaria vectors 
against Actellic 300CS using WHO protocols. Twenty five unfed females 
Anopheles gambiae s.l (age range 2-5 days) were introduced into a tube 
containing Actellic impregnated paper (0.25%) for one hour and kept in 
holding tube with 10% sugar solution. Mortality was counted at the end 
of 24hrs holding period. Baseline tests conducted one day post-spraying 
revealed 100% mortality on all sprayed surfaces. Bioassay tests conducted 
over 214 days showed 100% 24 hours mortality on all sprayed surfaces. 
Results of resistance tests showed that malaria vectors in Zanzibar are 
100% susceptible to Actellic 300CS. Based on the findings collected 
through bioassay testing, Actellic 300CS is highly effective and appropriate 
for IRS in Zanzibar.
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DOES HETEROGENEITY IN INSECTICIDE RESISTANCE 
CONTRIBUTE TO MALARIA HOTSPOTS IN THE GAMBIA?

Kevin O. Opondo1, David Weetman2, Musa Jawara1, Mathurin 
Diatta1, Amfaal Fofana1, Florence Crombe2, Julia Mwesigwa1, 
Umberto D’Alessandro1, Martin Donnelly2

1Medical Research Council (UK) Unit, The Gambia, Banjul, Gambia, 
2Liverpool School of Tropical Medicine, Liverpool, United Kingdom

Malaria transmission hotspots consistently have higher than average 
transmission intensity and are predicted to become increasingly common 
as malaria continues to decline. Little is known about the role of 
insecticide resistance in maintaining hotspots. The status of insecticide 
resistance was investigated in vector populations from six local pairs of 
villages from across The Gambia, comprising of a high and low malaria 
sero-prevalence village within each pair. Larvae and blood fed Anopheles 
gambiae s.l. were collected from each village to generate adults for use in 
World Health Organization insecticide bioassay tests. Of 1047 mosquitoes 
asssayed, 23.5% were An. arabiensis, 31.2% An. gambiae, 43.3% An. 
coluzzii, 2.04% were hybrids of An. coluzzii × An. gambiae. In 3 village 
pairs, species population and composition varied significantly between 

high and low transmission villages. Resistance to DDT and deltamethrin 
was heterogeneous within and among species, but most prevalent in An. 
gambiae s.s. from eastern Gambia. Resistance was strongly associated 
with the target site (kdr) mutation L1014F (DDT, OR=256.7, (95% CI 
48.6 - 6374.3, p<0.001) and deltamethrin, OR= 9.14, (95% CI 4.2 - 21.4, 
p<0.001). A metabolic resistance mutation, Gste2-114T in An. gambiae 
s.s. also conferred significant resistance to both DDT (OR=3.4, 95% CI 1.4 
- 9.2, p = 0.006) and deltamethrin, (OR= 3.4, 95% CI 1.2 - 10.3, p=0.024. 
Resistance to DDT was more likely to be found in villages with high malaria 
sero-prevalence, (Wilcoxon test, p=0.025) but this was not the case for 
deltamethrin, p= 0.238). Whilst causality of relationships requires further 
investigation, variation in vector species and insecticide resistance is 
associated with malaria sero-prevalence setting in The Gambia. Our results 
suggest that in areas with heterogeneous malaria transmission, the role of 
the vector should be investigated to guide malaria control interventions.
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BREEDING CONDITIONS INFLUENCE SUSCEPTIBILITY TO 
INSECTICIDES IN MOSQUITOES

Henry F. Owusu, Pie Müller
University of Basel/Swiss Tropical and Public Health Institute, Basel, 
Switzerland

As insecticide resistance increasingly threatens malaria control programs, it 
is very important to understand the processes and factors that interact to 
produce observed phenotypes. The contribution of the environment and 
breeding conditions to the susceptibility of the mosquito has been largely 
ignored. In this study, we evaluate how temperature, population density 
(crowding) and nutrition during the larval stage interact to influence the 
susceptibility of the adult mosquito to public health insecticides. Larvae 
of Anopheles gambiae (KISUMU) and Anopheles stephensi were 
bred under different combinations of temperature, population density 
and nutrition using a factorial experimental design. Emerging adults 
were tested against the lethal concentration of permethrin that would 
kill 50% of the mosquito population under standard rearing conditions 
in the World Health Organization insecticide susceptibility tests. . As a 
secondary endpoint to mortality, mosquito body weight was measured 
and included in the data analysis. Additional experiments explored the 
relationship between immediate knock down and 24 hours mortality, as 
these endpoints are often used interchangeably. Mosquitoes bred under 
different conditions showed significant differences in body sizes and 
mortality. Dry weight was strongly related to mortality (OR = 0.0000992, 
p < 0.001) in both experiments but was not significantly associated 
with time-to-knockdown (coeff -6.70; P = 0.176). In conclusion, the 
breeding conditions of mosquito larvae have a significant impact on the 
dry weight as well as susceptibility status of the adult mosquito. It is 
therefore important to incorporate the size of the mosquito when studying 
insecticide susceptibility in mosquitoes
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AGRICULTURAL PRACTICES SUSCEPTIBLE TO TRIGGER THE 
DEVELOPMENT OF INSECTICIDE RESISTANCE IN MALARIA 
VECTORS

Fodjo Kouadio Behi, Chouaïbou S. Mouhamadou, Benjamin G. 
Koudou
Centre Suisse de Recherches Scientifiques en Côte d’Ivoire, Abidjan, Côte 
D’Ivoire

Vector control is a main component of all malaria control strategies. 
Unfortunately the effectiveness of vector control is more and more 
affected by the increasing phenomenon of vectors resistance to 
insecticides. The different approaches proposed by the Global Plan for 
Insecticide Resistance Management (GPIRM) to overcome this situation 
of resistance assumes that the vector control itself is the main source of 
resistance; whereas the agricultural surfaces constituted sometimes by 
gigantic mosquito breeding sites polluted with pesticides could exert a 
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resistance selection pressure on mosquito larvae. The present study has 
been carried out in the rice perimeters of the locality of Tiassale located 
in the south of the Cote d’Ivoire to highlight farming practices that could 
trigger the development of resistance to insecticides. We have investigated 
the management of different pesticides used against crop’pests, for 
soil fertilization, or weed. The questionnaire covered among others, the 
procurement of products, the doses of application, the frequencies of 
treatment, and all the hygiene rules relating to the use or storage of 
products. We have also determined the residues of various pesticides 
in the mosquito breeding sites located within the farms. The results of 
this study are in the process of analysis and will be presented during the 
scientific exchanges.

116
SAVE MOSQUITOES, SAVE MONEY: A RESAMPLING 
ANALYSIS TO DETERMINE HOW MANY MOSQUITOES ARE 
NEEDED TO TEST A LONG-LASTING INSECTICIDAL NET

Thomas Kesteman, Sanjiarizaha Randriamaherijaona, Christophe 
Rogier, Sébastien Boyer
Institut Pasteur de Madagascar, Antananarivo, Madagascar

The reference method for testing the insecticide activity of Long-Lasting 
Insecticidal Nets (LLIN) distributed in the field needs a hundred live female 
mosquitoes per LLIN. To test 100 nets, one needs an entomological facility 
capable to produce 10,000 two days-old females plus the mosquitoes 
needed for maintenance of female breeding. If one could reduce the 
number of mosquitoes needed to test the effectiveness of LLIN, the 
human and animal resources, costs, and the duration of nets evaluation 
would be equally reduced, enhancing the ability of entomology labs to 
evaluate the effectiveness of LLIN. The WHOPES protocol proposes to tests 
the insecticide bio-efficacy of LLIN by cutting equal and predetermined 
positions’ areas in each of the 5 sides of the net with 4 cones in which 5 
mosquitoes are introduced. A LLIN is considered as valid if mortality after 
24 hours is ≥80% or if Knock-Down rate (KD) after 60 minutes is ≥95%. 
We resampled a database of 200 LLIN collected from the population in 
Madagascar and tested appropriately, of which 41.1% were considered 
as valid. Each random resampling was performed 10,000 times. Receiver 
Operating Characteristic (ROC) curves for 1, 2, and 3 cones showed 
excellent performances of the mortality criterion while KD demonstrated a 
low reproducibility. Using 2 cones instead of 4, and considering mortality 
only, had 99.0% sensitivity and 98.2% specificity. The average error in 
the measured proportion of valid LLIN was 0.8%. The 95% confidence 
intervals (CI) of sensitivity and specificity narrowed while the sample size 
increased, and the 95% CI of the difference between 2-cones-testing 
and 4-cones-testing proportions of valid LLIN didn’t exceed 5% when the 
sample was ≥40 LLIN. As a conclusion, testing the bio-efficacy of LLIN with 
twice less mosquitoes provides a fair evaluation of the proportion of LLIN 
valid when considering mosquitoes’ mortality only, and a sufficient sample 
size (e.g. ≥40 LLIN). We propose to focus on mortality in the evaluation of 
the bio-efficacy of LLIN. This protocol will help entomology labs to double 
their capacity in testing the effectiveness of LLIN or divide its cost by two.
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FINE-SCALE PATTERNS OF PYRETHROID RESISTANCE IN 
AEDES AEGYPI FROM YUCATAN, MEXICO

Marissa Grossman1, Audrey Lenhart2, Regan Deming3, Anuar 
Medina-Barreiro4, Edgar Koyoc-Cardeña4, Jose Valentin Uc4, Sergio 
Dzib-Flórez4, Azael Cohuo-Rodriguez4, Marco Torres-Castro4, 
Eduardo Geded-Moreno4, Pablo Manrique-Saide4, Gonzalo 
Vazquez-Prokopec1

1Emory University, Atlanta, GA, United States, 2Centers for Disease Control 
and Prevention, Atlanta, GA, United States, 3Global Ministries of the 
United Methodist Church, New York, NY, United States, 4Universidad 
Autónoma de Yucatán, Merida, Mexico

As observed with other medically important arthropods, the strong 
reliance on pyrethroid insecticides to control Aedes aegypti, the principle 
vector of dengue and chikungunya viruses, has led to the evolution of 
insecticide resistance. The “knock-down resistance” (kdr) mechanism 
arises from point mutations on the voltage-gated sodium channel gene, 
and it confers resistance to pyrethroids in Ae. aegypti. Understanding 
the dynamics of resistance at a fine scale within urban environments is 
key to both managing resistance and maintaining vector control efficacy. 
In this study, we analyzed the within-city distribution of kdr alleles in Ae. 
aegypti populations in time and space given heterogeneous selection 
pressures. During two consecutive years, 2013-2014, we collected 2,227 
adult mosquitoes from inside 580 homes in four towns of Yucatan, 
Mexico. In each town, we sampled 5 blocks, with the exception of one 
town in which we sampled 24 blocks to better understand fine-scale 
dynamics. For each mosquito, we used PCR to detect the V1016I and 
F1534C kdr mutations. Additionally, we conducted CDC bottle bioassays 
to characterize phenotypic resistance to pyrethroids. Frequencies of the 
resistant alleles in 2013 ranged from 0.47 to 0.74 for 1016I and from 
0.59 to 0.96 for 1534C. Intensive sampling of one small town, about 16 
square kilometers, showed that kdr frequencies are highly heterogeneous 
between blocks, ranging from 0.18 to 0.64 for 1016I and from 0.36 
to 0.73 for 1534C mutation. Spatial analyses showed a statistically 
significant difference from homogeneity in the allele frequencies, 
indicating an absence of spatial clustering (Weighted K function, p<0.05). 
High variability in the frequency of pyrethroid application suggests that 
heterogeneous, sporadic insecticide applications could be contributing to 
the observed differences in resistance patterns observed at a fine scale. 
Understanding the scale at which resistance arises and can be maintained 
in Ae. aegypti can aid in developing novel intervention strategies that 
exploit the fitness cost of the resistance alleles in sub-populations that are 
not heavily controlled with insecticide.
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STEROL CARRIER PROTEIN, SCP2, IS CRITICAL FOR 
PLASMODIUM TO ESTABLISH INFECTION IN ANOPHELES 
STEPHENSI

Jingwen Wang, Yuebiao Feng, Guolei Xu
Fudan University, Shanghai, China

Mosquitoes are the vectors of multiple diseases which account for over 
700 million deaths annually global wide. Little is known about lipid 
metabolic interactions between mosquitoes and parasites. Lipids are 
essential components of cell membranes and have key roles in different 
signaling pathways. We found that malaria parasites (Plasmodium 
berghei) infection resulted in significant alterations in metabolic profiling 
in Anopheles stephensi. Sterol carrier protein (AsteSCP2), a soluble 
protein that facilitates the uptake of lipids in mosquitoes, is responsible 
for promoting parasites invasion. Silencing SCP2 impaired the ability of 
Plasmodium to establish infection in mosquitoes. In addition, AseSCP2 
helps to maintain homeostasis of microbiota. Knocking down SCP2 led to 
significantly reduction of total bacteria number in comparison to dsGFP 
controls. Thus, SCP2 plays a vital role in controlling both Plasmodium 
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infection and microbiota proliferation. Further experiments need to 
be done to investigate mechanisms of influence of SCP2 on parasites 
infection and microbiota homeostasis.
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LAND USE, AN ENVIRONMENTAL RISK FACTOR FOR A VERY 
HIGH MALARIA TRANSMISSION

Arthur D. Sovi, Martin Akogbeto
Centre de Recherche Entomologique de Cotonou, Cotonou, Benin

The goal of the study is to investigate if local agricultural practices have 
an impact on malaria transmission in four villages located in the same 
geographical area within a radius of 15 kilometers in southern Benin. 
Among the villages, one (Itassoumba) is characterized by the presence of 
a large fish farming area on which several fish ponds are dug. The three 
others (Itakpako, Djohounkollé and Ko-Koumolou) are characterized 
by traditional food-producing agriculture. Human biting rate (HBR) was 
evaluated using human-landing catches, two nights per month from july 
2011 to june 2012. Collected mosquitoes were identified morphologically. 
Species molecular identification was also performed using PCR. Female 
Anopheles mosquitoes were tested for the presence of Plasmodium 
falciparum antigen using ELISA technique in order to determine the 
sporozoitic index [S]. The entomological inoculation rate (EIR) was also 
calculated (EIR = HBR x [S]). An. coluzii (93.7%) was identified as the 
main malaria vector. The EIR ranged from 9.7 to 21.7 infected bites of 
An. gambiae per human per year in Djohounkollé, Itakpako and Ko-
Koumolou against 1159.7 in Itassoumba (p<0.0001). The heterogeneous 
character of malaria epidemiology was confirmed. Land use through fish 
ponds creation contributed to the development of suitable and permanent 
breeding sites for Anopheles mosquitoes. That led to a drastically high 
malaria transmission in Itassoumba. We recommend that the human 
dwellings be located far from these fish farming activities so that the 
populations can avoid to be exposed to the high rate of infected bites. 
It is also important to target the exact areas where high transmission is 
persisting such as Itassoumba so that the control operations can be more 
prioritized and focused in these areas.
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EFFECTS OF NEUTRALIZING ANTIBODIES AND HUMAN 
COMPLEMENT PROTEINS ON DENV INFECTION LEVELS IN 
AEDES AEGYPTI

Berlin L. Londono-Renteria1, Crystal Gripping1, Andrea Troupin 
Troupin1, Jenny C. Cardenas2, Thomas Weitzel3, Tonya M. Colpitts1

1Tulane University, New Orleans, LA, United States, 2Hospital Los Patios, 
Los Patios Norte de Santander, Colombia, 3Laboratorio Clínico Programa 
Medicina del Viajero Clínica Alemana, Santiago, Chile

Dengue virus (DENV) causes the most common vector-borne viral disease 
in humans living in the tropics. While secondary infection with DENV is 
frequently associated with severe disease, the majority of DENV infections 
are mild or asymptomatic. Protection against DENV infection may depend 
on neutralization capacity of antibodies (ab) in serum. Transmission of 
DENV occurs when a mosquito takes a blood meal from a DENV infected 
host. The blood meal of a mosquito consists of host cells, fluids and 
immune factors. Previous studies have shown that immune factors may 
remain active in the arthropod midgut and retain the ability to interact 
with pathogens and affect their viability several hours after ingestion. 
Antibodies transferred from the host may then also block pathogen 
infectivity in the vector. So far, no studies have evaluated the effect of 
neutralizing antibody titers and complement activity in human blood on 
DENV infectivity of Aedes aegypti. Thus, we decided to evaluate these 
effects by experimentally infecting mosquitoes with both field-collected 
and laboratory strains of DENV2 in mixture with human serum samples. 
Serum contained varying titers of neutralizing antibodies against serotype-
specific DENV (Exp), and we also included control sera (Ctl) with no 
previous history of DENV exposure. Serum was either inactivated (IA) or 

non-inactivated (NIA) serum at the time of the feeding. Using quantitative 
Real-Time-PCR, we found no significant difference in relative viral RNA 
quantity between mosquitos fed with Exp or Ctl serum 1h after blood 
meal, although mosquitoes receiving inactivated serum form both groups 
had higher relative viral RNA quantity than those that ingested blood with 
non-inactivated sera. However, at 3h post feeding, mosquitoes receiving 
Exp sera had significantly higher virus concentration than those fed with 
Ctl sera. Our findings indicate that heat inactivation of human serum 
increases DENV infectivity in mosquitoes and that the presence of anti-
DENV antibodies in blood potentially play an important role in viral disease 
transmission to mosquitoes.
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DIFFERENTIAL EXPRESSION IN DENGUE-INFECTED AEDES 
ALBOPICTUS REVEALS GENES IMPORTANT FOR ANTIVIRAL 
RESPONSE

Hitoshi Tsujimoto, Kathryn A. Hanley, Immo A. Hansen
New Mexico State University, Las Cruces, NM, United States

The Asian tiger mosquito, Aedes albopictus is an important vector of 
dengue virus, which is responsible for recent epidemics in urban temperate 
and subtropical regions. Its ability to inhabit colder zones than the major 
epidemic vector, Ae. aegypti poses risks to expand the epidemic or 
endemic areas. We investigated transcriptomes of dengue-infected and 
-uninfected Ae. albopictus using Illumina sequencing technology. This 
study reveals how mosquito gene expression is modulated in early time 
points following dengue infection.

122
CHANGES IN MALARIA VECTOR DYNAMICS POST-IRS IN 
NCHELENGE DISTRICT, ZAMBIA

Christine Jones1, Mbanga Muleba2, Maureen Kessler1, Smita 
Das1, William Moss1, Douglas Norris1

1Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States, 2Tropical Disease Research Center, Ndola, Zambia

Nchelenge District of northern Zambia, lying along Lake Mweru and 
sharing a border with the Democratic Republic of the Congo, experiences 
high transmission of malaria despite almost a decade of malaria control 
interventions, including implementation of long-lasting insecticide-treated 
nets (LLINs) and indoor residual spraying (IRS). From October to November 
in 2014, an IRS campaign using the organophosphate pirimiphos-methyl 
as the residual insecticide was implemented in Nchelenge, targeted mainly 
to households lying along Lake Mweru. In association with the Southern 
Africa International Centers for Excellence in Malaria Research (ICEMR) 
project, Centers for Disease Control light-trap (CDC LT) collections have 
been ongoing in Nchelenge for several years at households throughout the 
study site, both in IRS-targeted and IRS-negative homes. These collections 
were compared to evaluate possible differences in mosquito abundance 
and foraging behaviors that may have resulted from vector control. In 
addition, pyrethroid spray catch (PSC) and barrier screen collections were 
conducted to assess resting behaviors of vector mosquitoes in Nchelenge 
in IRS and non-IRS zones. The data resulting from these studies will 
increase our understanding of malaria vector dynamics and transmission in 
highly endemic regions, with implications for future vector control.
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EVALUATION OF INTERVENTIONS AIMING AT INTERRUPTING 
MALARIA TRANSMISSION IN BAGAMOYO, TANZANIA

Mgeni M. Tambwe, Said A. Jongo, Seif A. Shekalaghe, Salim 
Abdulla, Marta Maia
Ifakara Health Institute, Bagamoyo, United Republic of Tanzania

The persistence malaria transmission despite of well-planned vector control 
programs, early diagnosis and treatment with artemisinin combination 
therapy (ACT) in many settings, threat the available control measure. In 
2012, World Health Organization, estimated that there are about 207 
million cases of malaria and 627, 000 deaths are related to malaria. 
90% of these deaths occur in sub-Saharan Africa. In responding to these 
challenges, the Malaria Eradication Research Agenda (malERA) initiative 
was conceive as a rigorous scientific consultative process to identify 
knowledge gaps and new tools that will be needed to eliminate and 
eradicate malaria globally. The malERA pointed out the need to include 
transmission-blocking interventions to interrupt malaria transmission 
by targeting the infectious gametocytes carriers that are responsible to 
maintain malaria transmission. In response to the recommendation, Ifakara 
Health Institute (IHI) has established a level 3 insectary laboratory and 
Phase I Clinical Trial Facility to be used to evaluate different interventions 
such as vaccines and drugs aiming at interrupting malaria transmission 
both at individual and community levels. Some interventions have already 
been evaluated using these platforms. Recently, we have evaluated 
whether, ARCO and EURARTESIM have the potential to clear post 
treatment gametocytes reservoir. This study involved adult aged 18 and 
above with uncomplicated malaria. Participants were assigned to either of 
the interventions and admitted at the facility for three (3) days to monitor 
treatment then discharged home. On day seven post treatment, direct 
skin feeding using blood naïve lab-reared sterile mosquitoes was done. 
Analysis of midgut by PCR is going on at Nijmegen, Netherland and results 
will be available soon hoping to present them during the coming ASTMH 
meeting.
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SPATIO-TEMPORAL DISTRIBUTION AND ABUNDANCE OF 
IMMATURE STAGES OF AEDES AEGYPTI ON THE SOUTHERN 
COAST OF KENYA

Francis M. Mutuku1, Uriel Kitron2, Bryson Ndenga3, Njenga 
Ngugi4, Peter Siema5, Dunstan Mukoko6, John Vulule3, Charles 
King7, Desiree A. LaBeaud8

1Technical University of Mombasa, Mombasa, Kenya, 2Department of 
Environmental Sciences, Emory University, Atlanta, GA, United States, 
3Centre for Global Health Research, Kenya Medical Research Institute, 
Kisumu, Kenya, 4Department of Biological Sciences, Chuka University, 
Chuka, Kenya, 5Vector Borne Disease Unit, Msambweni, Kenya, 6Vector 
Borne Disease Unit, Nairobi, Nairobi, Kenya, 7Center for Global Health 
and Diseases, Case Western Reserve University, Cleveland, OH, United 
States, 8Department of Pediatrics, Division of Infectious Diseases, Stanford 
University School of Medicine, Stanford, CA, United States

In endemic areas, Aedes aegypti, the principal vector of dengue and 
chikungunya viruses breeds in a variety of container habitats both indoors 
and outdoors. Understanding of the vector ecology is essential for effective 
vector control. In Kenya, where dengue and chikungunya are prevalent, 
little is known about larval ecology of the vector. As part of a larger study, 
all indoor and outdoor water- holding containers that might harbor A. 
aegypti larvae and pupae were examined monthly from March to October 
2014 in 20 selected houses from a Msambweni (rural site) and Ukunda 
(Urban site). Of 1928 containers inspected in Msambweni (1194) and 
Ukunda (734), 3.7% and 10.6% were positive for A. aegypti, respectively. 
Seven out of the 16 container habitat types were commonly found 
harboring A. aegypti immature stages - animal watering containers, 
water drums, water tanks, buckets, Jerry-cans, tires and food tins. In the 
rural site, , the most persistent container habitat types were buckets and 

water tanks, while in the urban site, the animal watering containers, Jerry 
cans and tires were most persistent. Of 9,269 larvae and 919 pupae of 
mosquitoes collected, 83% and 78% of the collected larvae and pupae, 
respectively, were A. aegypti. House, Container and Breeding indices 
were always higher in the urban site (46%, 10% and 2.1, respectively) in 
comparison to the rural site (33%, 4% and 0.7, respectively, p<0.0001), 
and outdoors compared to indoors (p<0.0001). In both sites, all indices 
were high in May, June and July, after rainy periods, and lowest in March 
and October, after dry periods, suggesting a lagged correlation with 
prior rainfall. In conclusion, key container habitats were identified in the 
two study sites and ongoing entomological surveys will help determine 
the most productive habitats. Targeting productive container habitats 
for dengue and chikungunya vectors will make vector control efforts 
affordable and feasible in the study area.
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BEHAVIOR OF ANOPHELES DARLINGI IN THREE 
COMMUNITIES IN THE PERI-IQUITOS REGION OF 
AMAZONIAN PERU

Marlon P. Saavedra1, Marta Moreno2, Sara A. Bickersmith3, 
William Lainhart4, Carlos Tong5, Freddy Alava6, Joseph M. Vinetz2, 
Jan E. Conn3
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Malaria transmission in the peri-Iquitos region of Amazonian Peru has 
been designated as seasonal and hypoendemic with recently described 
hyperendemic hotspots. Despite relatively recent distribution of LLINs, 
before the start of the study, malaria in Amazonian Peru persists and 
increased substantially in 2014 compared to previous years. Anopheles 
darlingi, the main malaria vector, is known for its variable behavior 
depending on locality and environment. To evaluate vector biology metrics 
in relation to seasonality and malaria transmission, mosquito collections 
were carried out in three localities (Lupuna, Cahuide and Villa Buen 
Pastor) in the peri-Iquitos region, Loreto, Peru in 2011-2012. HLC, SHA 
and CDC trap types were compared for effectiveness in a Neotropical 
setting. Abundance, human biting rate, and EIRs were measured to 
provide an updated view of transmission patterns post-LLINs distribution. 
HLC collected significantly more anopheline mosquitoes than Shannon 
traps and CDC light traps. An. darlingi was the most prevalent species 
in all three villages (84% overall). Biting patterns varied depending on 
trap type, season and village. EIRs varied temporally and spatially and the 
highest (2.52) occurred during the 2012 malaria outbreak in Cahuide. 
Unexpectedly we found high Infection rate 1.47 (57 mosquitoes analyzed) 
and 1.75 (52 mosquitoes) outside the normal malaria transmission season, 
coincident with a second local outbreak in CAH. Our data underscore 
the importance of HLC as the most meaningful collection method for 
measuring vector biology indices in this amazon region. Our study clearly 
demonstrated microgeographic differences in Anopheles. darlingi peak 
biting times, biting patterns, infectivity and EIR. The trend of an increase 
in outdoor biting together with early evening infected mosquitoes may 
undermine the effectiveness of LLINs as a primary malaria intervention. 
Anopheles. darlingi was the most abundant species and the only one 
infected with Plasmodium, confirming its importance as the major 
malaria vector in the area. HLC is still the most effective trap for An. 
darlingi in this region.
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SEMINAL INFLUENCES: THE ROLE OF MALE TRANSFERRED 
20E IN ANOPHELES GAMBIAE REPRODUCTIVE FITNESS

Adam South1, Evdoxia Kakani2, Andrea Smidler1, Enzo Mameli2, 
Flaminia Catteruccia1

1Harvard T.H. Chan School of Public Health, Boston, MA, United States, 
2Università degli Studi di Perugia, Perugia, Italy

Reducing the burden of malaria induced mortality and morbidity via 
targeting of the mosquito vector requires an increased investment into 
understanding the reproductive ecology of Anopheles mosquitoes. 
With increasing levels of insecticide resistance threatening the efficacy 
of existing vector control strategies, the induction of sexual sterility in 
natural vector populations is an attractive alternative. However, a lack 
of knowledge regarding many of the basic elements of Anopheles 
mating hampers development of these strategies. Recently, our group 
has demonstrated that the suite of mating induced physiological and 
behavioral changes in An. gambiae females is largely mediated by the 
receipt of the steroid hormone 20-hydroxyecdysone (20E) as part of the 
male mating plug. We have also shown that females choose to mate 
with males that transfer higher levels of male 20E during mating. Here, 
we demonstrate through GC/MS analysis that males whose mating 
attempts are accepted and rejected exhibit different chemical contact cue 
profiles, a sensory modality that females can use for mate discrimination. 
Furthermore, behavioral assays reveal that a transgenic line of An. 
gambiae males deficient in 20E synthesis suffers a cost in terms of their 
mating competiveness relative to a control line, further underscoring 
the role of male synthesized 20E in mechanisms of pre-copulatory mate 
choice. Finally, we also analyze whether male 20E levels are heritable, and 
reveal that 20E transfer provides females with both direct and indirect 
benefits. Taken together, these results provide compelling evidence 
that 20E is a key factor determining reproductive fitness for both sexes 
across sequential episodes of sexual selection. This work provides critical 
insights into the mating ecology of a major disease vector while extending 
our understanding of mating system dynamics in both swarming and 
monandrous insect species.
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ARTEMISININ-RESISTANT PLASMODIUM FALCIPARUM 
CLINICAL ISOLATES INFECT DIVERSE VECTORS OF 
SOUTHEAST ASIA AND AFRICA

Brandyce St. Laurent1, Becky Miller1, Timothy Burton1, Chanaki 
Amaratunga1, Men Sary2, Siv Sovannaroth2, Robert Gwadz1, 
Jennifer M. Anderson1, Rick M. Fairhurst1

1National Institutes of Health, Rockville, MD, United States, 2National 
Center for Parasitology, Entomology, and Malaria Control, Phnom Penh, 
Cambodia

Artemisinin-resistant Plasmodium falciparum parasites are rapidly 
spreading in Southeast Asia, yet very little is known about their 
transmission. This knowledge gap, and the possibility of their future 
spread to sub-Saharan Africa, endangers global efforts to control malaria. 
Studies on the population genetic structure of Plasmodium falciparum 
isolates from Cambodia revealed drug-resistant parasites that fell into 
highly structured groups, as distinct from each other as from African 
parasite isolates. The discovery of Kelch13-propeller polymorphism, a new 
marker for artemisinin resistance, helped to further resolve these parasite 
populations. To investigate the transmission dynamics of these parasites, 
we performed membrane feeding assays with Cambodian clinical isolates 
from several distinct parasite populations recently shown to be artemisinin 
resistant in patients and in vitro, to infect native and non-native mosquito 
vectors. We found that that multiple artemisinin-resistant and artemisinin-
sensitive isolates successfully infected two Southeast Asian vectors, 
Anopheles dirus and An. minimus, as well as the major African vector, 
An. gambiae, and also produced human-infective sporozoites. The ability 
of artemisinin-resistant parasites to infect highly diverse Anopheles species, 

combined with their higher gametocyte prevalence in Cambodian patients, 
may explain their rapid and extensive spread in Southeast Asia and further 
challenge regional efforts to contain and eliminate them.
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MOLECULAR CHARACTERIZATION OF METABOLIC FACTORS 
REQUIRED FOR SPERM FERTILITY AND STORAGE IN THE 
MAJOR MALARIA VECTOR ANOPHELES MOSQUITOES

Maurice A. Itoe
Harvard T.H. Chan School of Public Health, Boston, MA, United States

The application of vector control methods based on the use of insecticides 
has yielded resounding success in reducing the incidence of malaria and 
its impact on global health. The insurgence and spread of insecticide 
resistance in mosquito populations however is threatening these control 
methods, and new strategies are urgently needed. Among these, the 
use of sterile insect techniques (SIT) to control malaria vector populations 
and thus reduce disease transmission has gained renewed attention. To 
strengthen our knowledge of the use of SIT, an understanding of the 
molecular mechanisms essential for survival and functionality of sperm 
and reproductive success of Anopheles mosquitoes is absolutely required. 
To this end, we set out to characterize metabolic pathways essential for 
sperm production and function. Our data indicate that sperm function 
depends on key rate-limiting enzymes involved in lipid metabolism. Further 
molecular dissection of these pathways is underway to assess whether 
their impairment will affect fertilization of eggs after mating. This study 
may identify new targets to reduce natural mosquito populations and 
hence impact malaria transmission.
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MORPHOLOGICAL AND MOLECULAR CHARACTERIZATION 
OF ANOPHELINE MOSQUITOES AND THEIR BEHAVIORAL 
PATTERNS IN UYO, SOUTH-SOUTH NIGERIA

Inyang Asuquo Atting1, Mfonobong E. Akpan2

1University of Uyo/University of Uyo Teaching Hospital, Uyo, Nigeria, 
2University of Uyo, Uyo, Nigeria

Adult mosquito vectors were collected from two areas in Uyo, Nigeria 
where no information exists on the major malaria vectors associated 
with human malaria. Samples collection was carried out between May 
and October 2013 using Knockdown and Human Landing Catches (HLC) 
techniques. A Molecular Method using Polymerase Chain Reaction (PCR) 
was used to further characterize and identify Anopheles gambiae sibling 
species. A total catch of 1,300 mosquitoes was recorded out of which 
700 was used for morphological identification. A total of 90 (12.8%) 
of these were identified as female anopheles mosquitoes consisting of 
21(23.3%) Anopheles nili and 69 (76.7%) An. gambiae complex. A PCR 
based test on the An. gambiae complex identified 66(96.0%) as An. 
gambiae sensu stricto. The study also revealed that the resting behaviour 
of An. gambiae complex species in this area is endophilic whereas the 
resting behaviour of An. nili is exophagic/exophilic. The peak biting activity 
of An. gambiae complex species occurred at 2300 hours (indoor) and 
1900 hours (outdoor) in July whereas that of An. nili occurred at 2200 
hours (indoor) and 1800 hours (outdoor) in June. The total number of 
An. gambiae collected was more than An. nili and Human Biting Rates 
(HBR) recorded for An. gambiae was higher than An. nili. It is concluded 
from the study that there is a need for a comprehensive knowledge on 
the behaviour and heterogeneities that exist within and among malaria 
vector species in Uyo if the goal of malaria elimination is to be achieved. It 
is recommended from the study that more insecticide treated nets should 
be used in this area for effective control of malaria vectors in Uyo, South-
South geopolitical zone and generally, in Nigeria.
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RESPONSE OF MOSQUITOES TO OVITRAPS SET IN DIFFERENT 
COLOURED CONTAINERS AT THEIR NATURAL BREEDING 
SITES AND THE BIO-INSECTICIDAL ACTIVITY OF BACILLUS 
SPP ON MOSQUITO LARVAE

Millicent Captain-Esoah1, James Owusu-Kwarteng1, Martin 
Bonu-Ire1, Fortune Akabanda1, Martin N. Donkor2, Elijah A. 
Dakorah11, Kwadwo K. Frempong3, Francis B. D. Vereigh3, Samuel 
Dadzie3, Maxwel Appawu3, Daniel Adjei Boakye3
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The behavioural choices of female adult mosquitoes to different colour 
substrate and the bio insecticidal activities of Bacillus species were studied 
in order to develop surveillance and monitoring systems for vector control. 
Five different colour containers; viz, black, blue, green, yellow and white 
were selected for the ovitraps and observed daily for mosquito eggs. A 
total of 1149 mosquitoes belonging to three genera, Aedes, Anopheles 
and Culex were collected from the five ovitraps in the study site. The 
highest occurring species was Culex species 963 (83.8%), followed by 
Aedes 170 (14.8%), and Anopheles 16 (1.4%). The colour preference 
for the mosquitoes was in this order: black 53.8 % (618), blue 23.2 % 
(266), green 10.4 % (119), yellow 8.5% (98) and white 4.2% (48). High 
numbers of Culex and Aedes species were found ovipositing in black 
563 (58.5%), blue 238 (24.7%) and yellow 98 (10.2%) containers with 
relatively few numbers in green and white containers. The bio-insecticidal 
activity of three different Bacillus spp (B. thuringiensis, B. subtilis, and 
B. cereus) at different treatment levels (0%, 10%, 20%, 30%, 40%, and 
50% of breeding water) were introduced on three different mosquito 
genus; Aedes, Anopheles, and Culex and observed for mortality over 72 
hours. B. cereus at concentrations of 30% and 40% was very effective on 
all the three mosquito species. B. subtilis showed total mortality (100%) 
on Aedes species at all concentrations after 72 hours. B. thuringiensis 
was more effective on the Culex and Aedes larvae as compared to 
the Anopheles. B. cereus and B. subtilis must be considered as bio-
insecticide for controlling Aedes, Culex, and Anopheles. These findings 
are significant for mosquito vector control programmes and could be 
employed for future mosquito control campaigns in the Navrongo 
community, following further investigations. 
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MOSQUITOES SPECIES DIVERSITY AND ABUNDANCE IN 
NEIGHBORHOODS WITH PREVIOUS ARBOVIRUS ACTIVITY IN 
IQUITOS, PERU, 2010-2013

Helvio Astete1, Kanya C. Long2, Eric S. Halsey3, Rommel 
Vasquez4, Julia S. Ampuero3, Amy C. Morrison5
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Berrien Springs, MI, United States, 3U.S. Naval Medical Research Unit - 6, 
Lima, Peru, 4University of California Davis, Davis, CA, United States, 5U.S. 
Naval Medical Research Unit - 6; University of California, Davis, Iquitos, 
Peru

Arbovirus infections with alphavirus (Venezuelan Equine Enchephalitis 
(VEE), Mayaro), and orthobunyavirus (Guaroa, Oropuche, Group C) have 
been observed through clinic-based surveillance in the Amazonian City 
of Iquitos, Peru since the 1990s. Small outbreaks have occurred within 
urban neighborhoods in this isolated city of approximately 400,000 
people. To identify the vectors transmitting these alphaviruses, we carried 
out mosquito collections in 4 neighborhoods with a history of VEE 
transmission. Two collection activities were done in the northern part of 
the city that are completely flooded by the Nanay River a few months 
of each year. The other two neighborhoods, located in the center and 

south of the city, are situated near rivers but do not flood. A total of 
116 separate collections using two CDC light traps with dry ice (1800-
0600) per neighborhood were carried out between 2010 and 2013. 
After species identification, mosquitoes were pooled and stored for virus 
testing. We estimated species diversity using the Shannon Index (H’). We 
collected 29,938 mosquitoes belonging to 49 species during that period. 
Species diversity (H’) ranged from 0.86 to 2.05. The neighborhoods with 
the highest levels of seasonal flooding during a few months out of the 
year (houses located on stilts), had lower species diversity than the more 
urbanized neighborhoods. The most abundant species collected were 
Culex declarator/mollis (56.3%), Culex quinquefasciatus (18.5%), 
Aedeomyia squamipennis( 5.0%), Culex (Melanoconion) spp. (3.2%), 
Culex (Melanoconion) ocossa (3.1%), Culex (Aedinus) amazonensis 
(2.8%), Mansonia indubitans/titillans (1.9%). Although mosquito 
densities were lower than those observed in nearby rural communities, 
urban areas of Iquitos support a broad range of species that are known 
vectors of arboviruses. Of these the most notable were from the Culex 
(Melanoconion) group, previously incriminated as vectors of Venezuelan 
Equine Encephalitis virus.
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TRANSMISSION PATTERNS AND RISK CLUSTERING OF 
DENGUE VIRUS INFECTION IN PUERTO MALDONADO, PERU

Gabriela Salmon1, M. Claudia Guezala1, David L. Blazes2, Andres 
G. Lescano1, Joel M. Montgomery3, Daniel G. Bausch4, William K. 
Pan5

1U.S. Naval Medical Research Unit - 6, Lima, Peru, 2Navy Medicine 
Professional Development Center, Bethesda, MD, United States, 3Centers 
for Disease Control and Prevention, Atlanta, GA, United States, 4Tulane 
School of Public Health and Tropical Medicine, New Orleans, LA, United 
States, 5Duke Global Health Institute and Nicholas School of Environment, 
Duke University, Durham, NC, United States

Understanding spatial patterns of dengue virus (DENV) transmission and 
underlying human behavioral and environmental factors are important 
to effective control. We assessed clustering and transmission factors 
for DENV among residents of Puerto Maldonado, Peru, a city in the 
southern Amazon Basin. We conducted a cross-sectional demographic 
and serosurvey and knowledge, attitudes, and practices (KAP) assessment 
in randomly selected households in 2012. Serum samples were screened 
by ELISA for DENV antibodies with confirmation by plaque reduction 
neutralization test to distinguish between primary and secondary 
infections. We used an ordinal model in SaTScan to assess spatial patterns 
adjusting for other covariates (available services and infrastructure, 
residence time, income) and created an ordinal multivariate model 
introducing variables measuring the distance of households to potential 
vector and infection sources (i.e. markets, cemeteries, hospitals, flooding 
areas, river shore). Data were collected from 270 households, over 60% 
of which were migrants to the city. Primary DENV infections were noted 
in approximately 40% of households and secondary infections in over 
25. We identified five clusters of high DENV seroprevalence. The most 
likely cluster had a radius of 0.75 Km in which primary and secondary 
cases were noted in 15% and 30% of households, respectively. In the 
multivariate analysis, higher income (OR 1.6, 95% CI 1.1-2.3) and higher 
KAP scores (ORQ1 REF; ORQ2: 1.5, 95% CI 0.7-3.0; ORQ3: 2.2, 95% CI 
1.1-4.4; ORQ4 2.6, 95% CI 1.3-5.4) were positively associated with DENV 
infection, while odds of infection decreased with increasing distance 
(meters) from flooding areas (OR 0.999, 95% CI 0.998-0.999). No 
association was noted with migration time, distance to other features in 
the city or the presence of services and infrastructure. We found clustering 
of DENV infection in Puerto Maldonado, with increased risk surprisingly 
associated with higher income and KAP score. We speculate that higher 
income serves as proxy for increased exposure time to DENV in the city.
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CHARACTERIZATION OF CHIKUNGUNYA VIRUS INFECTIONS 
IN CHILDREN IN MANAGUA, NICARAGUA

Lionel Gresh1, Sergio Ojeda1, Nery Sanchez1, Federico Narvaez2, 
Brenda Lopez1, Douglas Elizondo1, Andrea Nuñez3, Aubree 
Gordon4, Angel Balmaseda3, Eva Harris5

1Sustainable Sciences Institute, Managua, Nicaragua, 2Hospital Infantil 
Manuel de Jesús Rivera, Ministry of Health, Managua, Nicaragua, 
3Laboratorio Nacional de Virología, Centro Nacional de Diagóstico y 
Referencia, Ministry of Health, Managua, Nicaragua, 4School of Public 
Health, University of Michigan, Ann Arbor, MI, United States, 5School of 
Public Health, University of California, Berkeley, Berkeley, CA, United States

Chikungunya is a viral disease transmitted by Aedes aegypti and 
Ae. albopictus mosquitoes. In late 2013, chikungunya virus (CHIKV) 
was introduced in the Caribbean island of St. Martin. Since then, over 
1,250,000 chikungunya cases have been reported by PAHO and most 
countries in the Americas report autochthonous transmission of CHIKV. 
In Nicaragua, the first imported case was described in July 2014 and the 
first autochthonous case in September. We analyzed the epidemiology and 
clinical presentation of chikungunya in two prospective pediatric cohort 
studies in Managua, Nicaragua: a community-based cohort study and a 
hospital-based study. Suspected chikungunya cases in both studies and 
cases with undifferentiated fever in the community cohort were screened 
by RT-PCR for CHIKV infection. From September 2014 to February 2015, 
a total of 96 and 83 chikungunya cases were identified in the community 
cohort and the hospital study, respectively. In the community cohort, cases 
were equally distributed by sex; however, more males presented to the 
hospital (67%, p=0.001). Most chikungunya cases were identified from 
November to January (community cohort: 83%, hospital: 92%). In the 
first six months of the epidemic, the incidence of symptomatic CHIKV 
infection in children aged 2-14 years in the community cohort was 4.6 
cases per 1,000 person-months (95%CI: 3.8-5.7). Clinical presentation 
in the community cohort ranged from undifferentiated fever (13%) to 
children requiring hospitalization (16%). CHIKV-positive children were 
older than the rest of the children in the cohort study (9.9 vs. 8.1 years, 
p<0.001), and CHIKV-positive children presenting with typical chikungunya 
symptoms were older than those with undifferentiated fever (10.1 vs 8.1 
years, p=0.03). A detailed analysis of acute symptoms in our chikungunya 
cases is underway. Additionally, patients with confirmed CHIKV infection 
will be followed longitudinally to characterize chronic symptoms associated 
with CHIKV infection. Finally, healthy annual serum samples collected from 
cohort participants in March 2014 and 2015 will be used to estimate the 
rate of subclinical CHIKV infections.
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CONTINUOUS OUTBREAK OF CHIKUNGUNYA VIRUS IN THE 
PHILIPPINES CAUSED BY 2 GENOTYPES, 2011-2014

Ava Kristy Sy, Amado Tandoc, Saito Mariko
Research Institute for Tropical Medicine, Muntinlupa City, Philippines

Chikungunya (CHIKV) is a mosquito-borne infection that caused large 
outbreaks in several tropical countries. Prior to 2011, the last reported 
outbreak of Chikungunya in the Philippines was in 1996 involving a small 
agricultural village. Limited information about the virus from the country 
is available. Here, we report the circulation of 2 Chikungunya genotypes 
causing its re-emergence in the Philippines. Serum samples collected from 
patients presenting with fever, rash, and joint pains from several provinces 
were tested for Chikungunya IgM. Samples collected <5 days after onset 
of symptoms and with negative IgM were tested for CHIKV RNA. The 
partial E1 gene was amplified using one-step RT-PCR and followed by 
direct Sanger sequencing. Phylogenetic analysis was performed using 
neighbor joining method using Kimura-2 parameter model (K2+G) on 
the partial E1 gene (733nt) by MEGA 6.05. Of the 6,549 serum samples 
collected from 2011 to 2014, 53% have detectable anti-Chikungunya 
IgM. CHIKV RNA was detected from 105 samples while 31 samples 

were sequenced for partial E1 gene. Most of the Philippines strains were 
grouped into Asian genotype and clustered into the same branch, which 
showed high similarity with the strains reported from Indonesia and 
Malaysia. Three samples from Davao have the East/Central/South African 
(ECSA) genotype. And have the alanine to valine substitution in the codon 
226 (A226V) which increased the transmissibility of the virus. Chikungunya 
has caused outbreaks throughout the country. Initially detected in 2 
provinces in southern Philippines in 2011, it increased to 30 provinces with 
reported cases in 2012 and to almost 90% of the provinces in 2013 and 
continued to invade new areas in 2014. In southern Philippines, strains 
of 2 genotypes, Asian and ECSA, circulated in the same time. During this 
outbreak, an ECSA genotype with the A226V mutation was reported 
in the country. The determination of the epidemic transmission route of 
CHIKV may be helpful to fully understand the epidemiology and molecular 
evolution of the virus into the country as well as its role in the ongoing 
Caribbean outbreak.
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EPIDEMIOLOGIC CHARACTERISTICS AND CLINICAL 
MANIFESTATIONS OF CHIKUNGUNYA IN A NAIVE 
POPULATION, PUERTO RICO 2015

Danulka Vargas1, Milagros Silva1, Aidsa Rivera2, Luzeida Vargas-
Lasalle1, R. Iván Iriarte1, Luisa I. Alvarado1

1Ponce School of Medicine of the Ponce Health Sciences University/Saint 
Luke’s Episcopal Hospital, Ponce, Puerto Rico, 2Dengue Branch, Division 
of Vector-Borne Diseases, Centers for Disease Control and Prevention, San 
Juan, Puerto Rico

Chikungunya (CHIK) is a mosquito-borne disease caused by the 
chikungunya virus that was first detected in the Americas in October 
2013, with the first laboratory confirmed Puerto Rico case detected in May 
2014. Common clinical features are: fever, rashes and arthralgia/arthritis; 
rarely atypical or severe manifestations occur. Risk groups for severe 
disease include neonates, older persons and those with co-morbidities. 
We describe the epidemiology and clinical manifestations of laboratory 
confirmed CHIK in a naïve population and compare outcomes by age, sex 
and previous health status. Data was collected from patients with acute 
febrile illness (AFI) enrolled in the Sentinel Enhanced Dengue Surveillance 
System (SEDSS) project who presented to St. Luke’s Episcopal Hospitals in 
Ponce and Guayama, Puerto Rico from May to September 2014. Blood, 
urine, nasal and oropharyngeal specimens were collected and RT-PCR 
and immunodiagnostic testing was performed for 21 pathogens, which 
included dengue and chikungunya viruses, influenza and other respiratory 
viral pathogens. Demographic and clinical information was collected on 
enrollment. Of 2,262 AFI patients enrolled, 663 (29%) had laboratory 
confirmed CHIK. Fifty-two percent were female, the mean age was 34 
(SD±23). Nine percent of cases were admitted. The highest proportion of 
admission was among infants (75%) and adults over 60 (14%), 1 death 
was reported. Clinical manifestations included: arthralgia (86%), headache 
(77%), back pain (68%), rash (67%), conjunctivitis (64%), and arthritis 
(47%). Eight percent had mucosal, intestinal or urinary tract bleeding 
manifestations. Diabetic cases were more likely to be admitted than non-
diabetics (OR= 3.0 CI 95%: 1.5, 5.99) and hypertensive cases more than 
non-hypertensive (OR= 2.9 CI 95%: 1.45, 5.9). Chikungunya presented in 
all age groups with the highest proportion of hospital admissions among 
infants and older adults. Adults with co-morbidities had a higher risk of 
admission. The study will continue to the end of the first epidemic in 
Puerto Rico and should provide useful information for health professionals 
in the clinical management of CHIK.
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SEQUENCING OF CHIKUNGUNYA VIRUS STRAINS 
CIRCULATING IN NICARAGUA, 2014-2015

Chunling Wang1, Saira Saborio2, Lionel Gresh3, Poornima 
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Chikungunya is a re-emerging infectious disease caused by a mosquito-
borne arthrogenic alphavirus, chikungunya virus (CHIKV). The 12-kb 
positive-sense RNA genome contains a 5′UTR, non-structural protein 
genes (NS1-4), structural protein genes (C-E3-E2-6K-E1), and a 3′UTR. 
The disease involves sudden onset fever, intense pain and inflammation 
in joints, and muscles and an impaired ability to ambulate that lasts for 
months or years. Endemic areas include Africa and Asia. Since 2004, 
CHIKV has expanded into Europe and the Pacific region, and since the 
end of 2013, into the Caribbean and Central America. Viral sequences 
from St. Martin, the point of introduction in the Americas, belonged to 
the CHIKV Asian genotype. In Nicaragua, the first imported case was 
described in July 2014 and the first autochthonous case in September. 
Here, we sequenced CHIKV strains circulating in Nicaragua using samples 
from national surveillance and 2 ongoing pediatric studies in Managua: a 
community-based cohort and a hospital-based study. The initial sample set 
included 5 imported cases from August 2014 and 16 autochthonous cases 
from October 2014 to February 2015; sequencing of additional strains 
is underway. Whole genome amplification of nucleic acids isolated from 
serum samples, combined with Nextera technology, was used to generate 
libraries for deep sequencing on the HiSeq2000 platform (Illumina). 
Complete full-length sequence was obtained from one individual and 
partial genome sequence was obtained from 2 other samples. We 
also designed primers to amplify and sequence the E1 gene via Sanger 
methodology, yielding sequence from 5 imported and 14 autochthonous 
cases. Results to date indicate that the Nicaraguan strains belong to the 
Asian genotype and are similar to those in the Caribbean and Panama. 
Some of the autochthonous strains have silent mutations and some have 
non-synonymous mutations (e.g., E1-I173V or E1-V302I). All imported 
and autochthonous cases thus far contain E1-A226. Additional genome 
regions and samples are being analyzed to better understand the 
evolutionary dynamics of CHIKV during its introduction and dissemination 
in Nicaragua.
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A ROLE FOR SYNDECAN PROTEOGLYCANS IN ALPHAVIRUS 
ENTRY

Whitney C. Lane, Kate D. Ryman, William B. Klimstra
University of Pittsburgh, Pittsburgh, PA, United States

Eastern equine encephalitis virus (EEEV) is unique among encephalitic 
alphaviruses in both its high rate of neurovirulence and its natural ability 
to bind cell surface heparan sulfate (HS). Among non-neurovirulent 
alphaviruses, efficient HS binding usually accompanies positive-charge 
mutation in the E2 attachment glycoprotein resulting from passage in cell 
culture. This type of cell culture adaptation typically renders the virus less 
virulent but for EEEV, HS binding is essential to its neurovirulence in adult 
mice and may facilitate mosquito infection. Thus, HS-binding residues 
in E2 are maintained in naturally circulating EEEV. Similarly, HS binding 
is critical for the neurovirulence of Sindbis viruses (SINV) containing 
a mutation at E2 position 55 selected for adult mouse virulence. We 
hypothesize that the connection between neurovirulence and HS binding 
for EEEV and neurovirulent SINV lies in their specific receptor usage. 

Using a Raji cell system that exhibits a receptor-entry defect and minimal 
infectivity for alphaviruses yet expresses forms of HS capable of non-
productively binding HS-dependent alphaviruses, we have determined that 
syndecan proteoglycans can facilitate entry and productive infection of 
these cells by HS-dependent alphaviruses. Syndecans are a four-membered 
family of transmembrane glycosaminoglycans, each modified with 
multiple, distinct HS moieties. Notably, the capacity for infection facilitation 
by individual syndecans was different between different viruses suggesting 
qualitative differences in virus-HS receptor interactions. Effects of syndecan 
receptor utilization on replication and cellular responses to infection are 
currently being investigated.

138
INDUCTION OF HOST TRANSLATION SHUTOFF CONTRIBUTES 
TO THE ANTIVIRAL STATE RESISTANCE OF VENEZUELAN 
EQUINE ENCEPHALITIS VIRUS

Nishank Bhalla, Chengqun Sun, Long K. Lam, Kate D. Ryman, 
William B. Klimstra
University of Pittsburgh, Pittsburgh, PA, United States

Alphavirus antagonism of induction or effector phases of the IFN response 
is poorly understood. We recently demonstrated that eastern equine 
encephalitis virus (EEEV) avoids IFN-α/β and antiviral effector induction 
via microRNA-mediated suppression of virus replication in myeloid cells. 
Arthritogenic alphaviruses such as Sindbis virus (SINV) or chikungunya 
virus (CHIKV) cause a limited, non-fatal infection in adult mice suggesting 
limited antagonism of the IFN response. In contrast, Venezuelan equine 
encephalitis virus (VEEV) mouse infection is rapidly fatal, associated with 
systemic replication, widespread myeloid cell infection and rapid induction 
of high levels of serum IFN-α/β. In cell culture, VEEV replication is more 
resistant to the established antiviral state than SINV, CHIKV or EEEV. VEEV 
resistance is temporally associated with host macromolecular synthesis 
shutoff (transcription, translation or both) and STAT1 signaling blockade. 
In the current studies we found that increased resistance of VEEV was 
first evident after initial translation of viral genomes, and production 
of nonstructural proteins (nsPs). Using a plasmid expression system, we 
observed that expression of VEEV, SINV, CHIKV or EEEV nonstructural 
protein 2 (nsP2) alone each blocked STAT1 signaling. VEEV, SINV or CHIKV 
nsP2 or VEEV capsid, but not EEEV nsP2 inhibited cellular translation, while 
SINV and CHIKV nsP2 and VEEV or EEEV capsid, also inhibited cellular 
transcription. Importantly, VEEV nsP2 significantly reduced host translation 
in IFN-α/β primed cells while SINV nsP2 was less effective. Finally, VEEV 
nsP2 reduced the efficacy of the antiviral state versus other viruses in IFN-
primed cells. Our results suggest that nsP2-mediated translation shutoff 
is an important factor in the antiviral state resistance of VEEV, and that 
closely related viruses such as VEEV and EEEV have evolved very different 
strategies to overcome innate antiviral responses.
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EVIDENCE OF MICROSCALE HUMAN MOVEMENT DRIVING 
CHIKUNGUNYA SPREAD IN BANGLADESH

Henrik Salje1, Kishor Paul2, Andrew Azman1, M. Waliur Rahman2, 
Mahmudur Rahman3, Derek Cummings1, Justin Lessler1, Simon 
Cauchemez4, Emily Gurley2

1Johns Hopkins School of Public Health, Baltimore, MD, United States, 
2International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, 
Bangladesh, 3IEDCR, Dhaka, Bangladesh, 4Institut Pasteur, Paris, France

Human movement has been implicated in pathogen spread. However, 
evidence to support this role is limited as it requires good data on human 
movement and also a sound characterization of the spatial spread 
of pathogens, which is challenging where chains of transmission are 
unobserved. To address this knowledge gap, we collected nationally 
representative movement data from Bangladesh. We also collected 
detailed epidemiological data from an outbreak of chikungunya and 
developed models to characterize pathogen spread. We visited 70 
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randomly selected communities and gave ten individuals a GPS device that 
recorded their location every minute for up to four days and calculated 
the distance to their home. The chikungunya outbreak occurred in Tangail 
district in 2012. An investigation team visited every home in the outbreak 
village and collected information on disease symptoms from all individuals 
(N=1970). From this data, we fit transmission models using the time 
and location of symptom onset. In the movement study, we found that 
children (those under 16 years) were 0.9 as likely to be at home than 
adults (95% confidence interval: 0.7-1.1) at any time point. In addition 
females were 1.5 times more likely to be at home than males (1.2-1.8). 
When outside the home, individuals often still remained nearby, with a 
median distance between their location and home of 88m (77m-101m). 
These findings were virtually identical to our estimates of transmission risk 
in the chikungunya outbreak: we estimated the relative risk of children 
being infected was 0.9 compared to adults (0.7-1.2) and the relative risk 
of being infected for females was 1.5 times that for males (1.2-1.8). The 
median distance for transmission events outside the home was 95m (74-
124). Basic mechanistic models demonstrated that these findings were 
consistent with infections happening within homes and that despite 
the presence of an intermediary vector, chikungunya spread is highly 
correlated with human movement (and lack of movement). Interventions 
to prevent chikungunya transmission, such as insecticides and removal of 
ovipositioning sites, should be targeted at small spatial scales.

140
DEVELOPMENT OF A CHIKUNGUNYA VACCINE CANDIDATE 
USING EILAT VIRUS AS A PLATFORM

Jesse Erasmus1, Shannan Rossi1, Grace Leal1, Jason Kaelber2, Wah 
Chiu2, Vsevolod Popov1, Farooq Nasar3, Scott Weaver1

1University of Texas Medical Branch, Galveston, TX, United States, 2Baylor 
College of Medicine, Houston, TX, United States, 3United States Army 
Medical Research Institute of Infectious Diseases, Frederick, MD, United 
States

In December of 2013, chikungunya virus (CHIKV), an alphavirus in the 
family Togaviridae, was introduced into the island of Saint Martin 
in the Caribbean, resulting in the first autochthonous cases reported 
in the Americas. As of April 2015, CHIKV has been reported in 50 
American countries with over 1.3 million suspected cases. CHIKV causes 
a severe arthralgic disease for which there are no approved vaccines or 
therapeutics. We developed a “pseudoinactivated” vaccine for the disease 
using Eilat virus (EILV) as a platform. EILV is an alphavirus isolated from a 
pool of mosquitoes collected in Israel. It replicates efficiently in insect cells 
but is unable to replicate in vertebrate cells. EILV is host-restricted in at 
least two points in its replication cycle: 1) attachment/entry, and 2) viral 
RNA replication. Our central hypothesis was that a chimeric alphavirus 
containing the non-structural protein genes of EILV and the structural 
protein genes of CHIKV will retain the vertebrate host restriction of EILV 
and provide safe, effective protection against CHIKV challenge. To test 
this hypothesis, we generated chimeric EILV/CHIK infectious cDNA using 
standard cloning techniques, and rescued the virus in insect cells. We 
then performed immunogenicity and safety experiments in mice. After 
a single vaccination, EILV/CHIK protected mice from disease following 
challenge with CHIKV, induced higher neutralizing antibody titers, and 
resulted in higher CD4+ and CD8+ T cell responses when compared to 
live-attenuated and inactivated vaccine strains of CHIKV. Additionally, EILV/
CHIKV showed no neurovirulence in immunocompromised infant mice 
after intracranial inoculation. These results suggest that chimeric EILV/
CHIKV can elicit a protective immune response against CHIKV challenge 
following a single dose in mice while maintaining an ideal safety profile, 
warranting its further development as a potential CHIK vaccine candidate.
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CHARACTERIZATION OF VENEZUELAN EQUINE 
ENCEPHALITIS VIRUS NON-STRUCTURAL PROTEIN 3 WITH 
HOST FACTORS IN INFECTED CELLS

Moushimi Amaya, Aarthi Narayanan
George Mason University, Manassas, VA, United States

The mosquito-borne virus Venezuelan Equine Encephalitis Virus (VEEV) 
belongs to the Togaviridae family and is considered an important 
biodefense pathogen and select agent. There are currently no approved 
vaccines or therapies to treat the disease, therefore it is imperative to 
identify novel targets for therapeutic development. The VEEV genome 
encodes for 4 nonstructural proteins (nsP1-4) and 5 structural proteins 
(capsid, envelope 3 (E3), E2, 6K and E1). Apart from its role in viral RNA 
synthesis, nsP3 has not yet been fully characterized. Viral replication 
is facilitated by interaction of the nsPs with host factors involved in 
replication, translation and signaling, notably host kinases that are 
modulated by VEEV during infection. We have previously reported that 
VEEV-nsP3 interacts with the host protein Inhibitor of nuclear factor 
kappa-B kinase subunit beta. In our current study, we aim to investigate 
the effects of additional host-nsP3 interactions on the phosphorylation 
status of nsP3 and the consequences of these interactions on viral 
replication. An HA tagged nsP3 infectious clone (rTC-83-nsP3-HA) and 
expression plasmid was constructed. Replication kinetics and protein 
expression of rTC-83-nsP3-HA was compared to rTC-83 to ensure 
that the presence of the tag did not interfere with viral kinetics or viral 
protein production. It has been reported that there are several possible 
phosphorylation residues on nsP3 rendering it a highly phosphorylated 
protein and our mass spectrometry analysis corroborated those reports. 
Ongoing studies involve identifying host proteins that interact with 
nsP3 and investigating the effects of the identified interactions on the 
phosphorylation status of nsP3. This study will aid future investigations in 
identifying host proteins as potential broad spectrum therapeutic targets 
for treating VEEV infections.
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A STOCHASTIC FRAMEWORK TO MODEL THE IMPORTATION 
OF CHIKUNGUNYA-INFECTED TRAVELLERS INTO THE US

Luis Mier-y-Teran-Romero, Michael Johansson
Dengue Branch, Division of Vector-Borne Diseases, Centers for Disease 
Control and Prevention, San Juan, PR, United States

Chikungunya virus (CHIKV) is transmitted by the bite of infected 
mosquitoes of certain species, including Aedes  aegypti and Aedes 
albopictus which are quite common in the American continent. Though 
rarely fatal, Chickungunya disease often produces severe symptoms in 
those infected and can persist for several months or even years after 
the virus is cleared from the human host. From the month of December 
2013 to February of 2015, the Pan-American Health Organization (PAHO) 
reported more than 1.25 million cases in the continent, most of them 
concentrated in South and Central America and the Caribbean. In the 
absence of vaccines and treatments specific to Chikungunya, a good 
understanding of the mechanisms of CHIKV transmission is critical to 
guide policies aimed at limiting further propagation of the disease. In this 
work, we developed a stochastic modeling framework in order to estimate 
the number of monthly arrivals of CHIKV-infected individuals at each 
state of the US. Our framework is built by incorporating PAHO prevalence 
data from the affected countries in the American continent together with 
detailed data for airline travel from these same source countries into the 
US. A comparison of our importation estimates with US surveillance data 
at the state level shows reasonable agreement and suggests significant 
under-reporting at many of the source countries. Our framework, coupled 
with country-level forecasts, should prove useful to local public health 
officials for obtaining estimates of the expected number of imported 
Chikungunya cases during outbreaks abroad.
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MOLECULAR CHARACTERIZATION OF CIRCULATING 
CHIKUNGUNYA VIRUS IN SUCRE - COLOMBIA

Erwin Camacho Burgos, Margaret Paternina Gomez, Viviana 
Ruiz, Sindy Martinez, Sindy Cabarca, Pedro Blanco
Investigaciones Biomédicas - Universidad de Sucre, Sincelejo, Colombia

Chikungunya virus (CHIKV) is an Alphavirus from the Togaviridae family 
transmitted by mosquitoes. With an approximately 12 Kb single-stranded 
genome, two open reading frames code two polyproteins: structural (C, 
E3, E2, 6K y E1) y nonstructural (nsP1, nsP2, nsP3 y nsP4) proteins. It have 
been identified three genotypes related to their geographic origin: West 
African, East/Central/South African (ECSA) and Asian. The virus cause a 
disease with signs and symptoms very similar to other prevalent diseases in 
tropical areas, but the main clinical symptom is a painful and invalidating 
poly-arthralgia. The first case in America was reported in December 2013 
in Saint Martin´s Island and in September 2014 an endemic outbreak 
started in Colombia. Until February 2015 in Colombia 189.959 cases 
have been reported and 19.365 in the department of Sucre. In this study 
we describe the molecular detection of CHIKV in febrile patients and 
corresponding genotype present in Sucre - Colombia, during the 2014 - 
2015 outbreak in the country. There were collected serum samples and 
clinical information from Chikungunya fever compatible participants, 
during acute phase. Molecular detection of CHIKV was performed by RT-
PCR with specific primers (nsP1). Positive samples were passed in C6/36 
cells to obtain viral isolates and supernatants were used to amplify and 
sequence E1 gene for further phylogenetic analysis (Bayesian inferences). 
A total of 128 participants were included in the study from November 
2014 to February 2015, been the arthralgia and rash the more frequent 
clinical findings. Forty-two (32.8%) participants were positive for molecular 
detection with an average age of 20 years old. There were identified 19 
isolates causing cytopathic effect to cell monolayers. Phylogenetic analysis 
with 1044 nt complete E1 gene sequences revealed that all isolates 
belonged to the Asian genotype, with genetic distances below 1% within 
them. The Asian genotype with recent introduction in the Americas was 
circulating in the department of Sucre during 2014-2015 outbreak and 
with no significant genetic changes to those previously reported isolates in 
other geographic areas.
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EILAT VIRUS HOST RANGE RESTRICTION IS PRESENT AT 
MULTIPLE LEVELS OF THE VIRUS LIFE CYCLE

Farooq Nasar1, Rodion V. Gorchakov2, Robert B. Tesh1, Scott C. 
Weaver1

1University of Texas Medical Branch, Galveston, TX, United States, 2Baylor 
College of Medicine, Houston, TX, United States

Most alphaviruses are mosquito-borne and exhibit a broad host range, 
infecting many different vertebrates, including birds, rodents, equids, 
humans, and nonhuman primates. This ability of most alphaviruses to 
infect arthropods and vertebrates is essential for their maintenance in 
nature. Recently, a new alphavirus, Eilat virus (EILV), was described, and 
in contrast to all other mosquito-borne viruses, it is unable to replicate 
in vertebrate cell lines. Investigations into the nature of its host range 
restriction showed the inability of genomic EILV RNA to replicate in 
vertebrate cells. Here, we investigated whether the EILV host range 
restriction is present at the entry level and further explored the viral factors 
responsible for the lack of genomic RNA replication. Utilizing Sindbis virus 
(SINV) and EILV chimeras, we show that the EILV vertebrate host range 
restriction is also manifested at the entry level. Furthermore, the EILV RNA 
replication restriction is independent of the 3’ untranslated genome region 
(UTR). Complementation experiments with SINV suggested that RNA 
replication is restricted by the inability of the EILV nonstructural proteins 
to form functional replicative complexes. These data demonstrate that the 
EILV host range restriction is multigenic, involving at least one gene from 
both nonstructural protein (nsP) and structural protein (sP) open reading 

frames (ORFs). As EILV groups phylogenetically within the mosquito-
borne virus clade of pathogenic alphaviruses, our findings have important 
evolutionary implications for arboviruses.
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A NOVEL METHOD TO IDENTIFY THE MOST POTENT HUMAN 
MONOCLONAL ANTIBODIES AGAINST DENGUE VIRUSES

Trung T. Vu1, Long T. Vo1, Dui T. Le1, Nhu T. Vu1, Cameron P. 
Simmons2

1Oxford University Cinical Research Unit, Ho Chi Minh, Vietnam, 
2Department of Microbiology & Immunology, University of Melbourne, 
Victoria, Australia

We have developed an ex vivo viremic blood neutralization assay (ViBNA) 
that uses viremic blood from hospitalized dengue patients, human mAbs 
and Aedes  aegypti mosquitoes. The ViBNA allowed us to rank a panel 
of human mAbs for their potency in neutralizing the infectiousness of 
dengue virions for Ae. aegypti mosquitoes. Our data identifies human 
mAbs that bind quaternary epitopes within or between DENV homodimers 
as the most potent class of antibodies elicited by natural DENV infection. 
Other classes of mAbs, such as those that bind the fusion loop or domain 
III, were less potent or not potent at all in blocking transmission of DENV. 
Our results set a new benchmark for evaluating the potency and relevance 
of human mAbs and have implications for identifying correlates of 
immunity and for mAb-based therapeutic strategies.

146
SCREENING OF DENGUE VIRUSES IN HUMAN SERA AND 
ANALYSIS OF SPECIFIC SEROTYPES FROM LAHORE PAKISTAN

Nusrat Jahan, Noreen Mumtaz
GC University Lahore, Lahore, Pakistan

Dengue is a vector borne viral infection which poses a serious threat to 
public health in most of the tropical and subtropical countries around 
the world, including Pakistan. Dengue has been occurring as an annual 
epidemic since 2006 in Pakistan. More than fifteen thousand cases were 
listed in 2011 from Punjab with about > 250 deaths. Dengue situation is 
alarming with high risk of epidemics in future. About four antigenically 
varying dengue viruses are reported for dengue infection. Current study 
was designed to detect Dengue viruses with molecular detection of 
dengue serotype using RT-PCR in infected human sera. Dengue infected 
human sera (n=100) were collected during July 2013 to January 2014 
for screening of DENV serotypes using dengue NS1 AG specific ELISA 
kit. DENV positive samples (n=40) were used for molecular detection 
of dengue viruses serotypes by reverse transcriptase PCR (RT-PCR) 
using universal and type specific primers for dengue viruses nucleotide 
sequencing targeting the C-prM gene junction. Among forty dengue NSI 
AG ELISA positive samples, 12 sera (30%) were found positive with type 
specific nested PCR. Out of 12 PCR +ve samples, five samples (41.6%) 
were positive for each DEN-2 and DEN-3. Whereas, two samples (16.6%) 
revealed the simultaneous presence of DEN-2 and DEN-3 serotypes. In 
conclusion, current study documented for the first time the detection 
of dengue viruses serotypes in human sera with DEN-2 and DEN-3 
prevailing serotypes during the study period in Lahore, Pakistan. Detection 
of particular prevailing serotype will be useful to control the spread of 
dengue disease in Pakistan.
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EVALUATION OF A DENGUE DECISION SUPPORT TOOL

Rachel Lowe1, Christovam Barcellos2, Caio A. Coelho3, Rafael De 
Castro Catão4, Trevor C. Bailey5, Giovanini Evelim Coelho6, Walter 
Massa Ramalho7, Marilia Sá Carvalho2, David B. Stephenson5, 
Xavier Rodó1

1Institut Català de Ciències del Clima (IC3), Barcelona, Spain, 2Fundação 
Oswaldo Cruz (FIOCRUZ), Rio de Janeiro, Brazil, 3Centro de Previsão 
de Tempo e Estudos Climáticos (CPTEC), Cachoeira Paulista, Brazil, 
4Universidade Estadual Paulista (UNESP), Presidente Prudente, Brazil, 
5University of Exeter, Exeter, United Kingdom, 6Ministério da Saúde, 
Brasilia, Brazil, 7Universidade de Brasília, Brasília, Brazil

In order to prepare for disease epidemics, decision support systems, 
which take into account multiple risk factors, are required to implement 
timely control measures. Seasonal climate forecasts and strong disease 
surveillance systems provide an opportunity to anticipate epidemics several 
months in advance. A prototype decision support tool was developed 
for dengue fever and tested ahead of the FIFA football World Cup, 
June 12-July 13, 2014, in Brazil. Probabilistic dengue forecasts for June 
2014 were generated using a spatio-temporal modelling framework. 
The model was driven by seasonal climate forecasts and the observed 
epidemiological situation in Brazil at the forecast issue date. The forecasts 
were made available three months ahead of the games. Here, we 
evaluate the ability of the model framework to correctly determine the 
occurrence of low-, medium- and high-risk of dengue for the 12 host 
cities and all 553 microregions in Brazil, by comparing the probabilistic 
predictions to the observed dengue incidence rates for June 2014. For the 
12 microregions of interest, the forecast achieved a hit score of 75%. For 
all 553 microregions across Brazil the forecast achieved a score of 70%. 
This decision support model framework may be useful, not only ahead of 
mass gatherings, but also before the peak dengue season each year, to 
control or contain potentially explosive dengue epidemics. It is hoped that 
this prototype will serve as an example for scientists, international health 
surveillance teams and decision makers of the data and tools required to 
produce and communicate timely predictions of climate-sensitive disease 
risk.
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COMPARISON OF HEAMAGGLUTINATION INHIBITION 
ASSAY (HAI) AND ANTI-IGG MONOCLONAL ANTIBODY 
ELISA (IGG-MAB ELISA) BY USING 4G2 (FLAVIVIRUS MAB), 
2H2 (DENGUE COMPLEX MAB), AND J93 (JE MAB) FOR 
DETECTION OF ANTI-DENV/JEV IMMUNOGLOBULIN G

Kanittha Sirikajornpan, Stefan Fernandez, Ananda Nisalak, 
Butsaya Thaisomboonsuk, In-Kyu Yoon
Department of Virology, Armed Forces Research Institute of Medical 
Sciences, Bangkok, Thailand

Hemagglutination Inhibition assay (HAI) is commonly used for serology 
diagnosis of DENV and JEV infections. However, HAI is time- and resource- 
intensive, because of the multiple steps required for serum processing. 
The purpose of this study was to evaluate if a monoclonal antibody-based 
capture enzyme-linked immunosorbent assay (mAb ELISA), is equally 
effective for IgG screening of DENV/JEV infections as the more traditional 
HAI. The IgG-mAb ELISA originally developed by Johnson, et al. uses the 
4G2 monoclonal antibody (Flavivirus mAb), which targets the envelope 
protein on the surface of dengue virus (DENV). We selected 170 pairs of 
acute and convalescent serum specimens collected during routine DENV 
surveillance in Kamphaeng Phet, Thailand, in 2004-2005. These specimen 
pairs underwent testing by HAI to measure changes in neutralizing titers, 
followed by plaque reduction neutralization test (PRNT50) as confirmatory 
testing. Comparison of HAI and IgG-mAb ELISA showed that the specificity 
of the IgG-mAb ELISA was 100.0% when using the 4G2 mAb or when 
using the alternative 2H2/J93 mAbs. The sensitivity was 92.9% and 97.6% 

for 4G2 and 2H2/J93 mAbs, respectively. Our study supported that the 
results of both IgG-4G2 and IgG-2H2/J93 mAbs ELISAs correlated highly 
with the DENV/JEV HAI assay. Therefore, the anti-DENV/JEV IgG-mAbs 
ELISA is a potential assay for serological screening of DENV/JEV infections.

149
THE PREVALENCE OF DENGUE IN GRENADA: A FIVE-YEAR 
RETROSPECTIVE STUDY

Shanice McKain1, Kevin King1, Daniel High1, Grant Lambert1, 
Ravindra Naraine1, Paul Fields2, Amy Baldwin1

1St. George’s University, St. George’s, Grenada, 2The Windward Islands 
Research and Education Foundation, St. George’s, Grenada

Dengue has been endemic in Grenada for decades and ranks high among 
re-emerging pathogens that have increased globally. The goal of this study 
was to determine the recent prevalence of dengue and its serotypes (DENV 
1-4) in Grenada. Our target population included symptomatic persons 
who sought care at the St. George’s University (SGU), University Health 
Services (UHS) during 2009 - 2013. Individuals from our target population 
completed an Investigation Form for Suspected Dengue Infection, which 
included general patient data, questions about travel history and possible 
signs and symptoms associated with dengue. Dengue seropositivity was 
determined for all 298 samples taken over the five-year period; 90 were 
confirmed to be positive (30.2%). The annual prevalence of dengue from 
2009 to 2013, based on serology, was found to be 34.38%, 36.96%, 
26.79%, 16.21% and 29.27%, respectively. The CDC DENV-1-4 Real-
Time RT-PCR Assay (Multiplex) was used for the detection and serotype 
identification of the dengue virus in seropositive samples taken during 
the acute phase. Sixty-five (65) of the 90 serologically confirmed dengue 
samples and 11 of the serologically negative samples were processed by 
qPCR. Serology data was compared to dengue qPCR data from the target 
population. The qPCR results showed that DENV-1 and DENV-2 were 
present in 2010, DENV-1 was present in both 2011 and 2012 and DENV-
1 and DENV-4 were present in 2013. From the data gathered, it appears 
that dengue cases peak between August to November, which coincides 
with our rainy season. The highest prevalence was seen in 2010, and the 
lowest prevalence was seen in 2012. This study provides novel data on 
the prevalence of currently circulating dengue serotypes in Grenada. Our 
data will provide critical information for the formation of public health 
policies that will be developed for the control of mosquito-borne diseases 
such as dengue in Grenada. Future studies will include the sequencing of 
the detected DENV serotypes to determine the predominantly circulating 
strains.
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INFLUENCE OF MATERNAL IGG PROFILE ON PLACENTAL 
TRANSFER OF DENGUE VIRUS-SPECIFIC ANTIBODIES TO 
NEONATES

Priscila M. Da Silva Castanha1, Eduardo J. Nascimento2, Marli 
T. Cordeiro1, Ariani I. Souza3, Claudeir D. Silva, Jr.3, Willem G. 
Panhuis4, Celina T. Martelli5, Ernesto T. Marques, Jr.2, Cynthia 
Braga1

1Centro de Pesquisas Aggeu Magalhaes, Recife, Brazil, 2Center for Vaccine 
Research, University of Pittsburgh, Pittsburgh, PA, United States, 3Instituto 
de Medicina Integral Prof. Fernando Figueira, Recife, Brazil, 4Department 
of Epidemiology, University of Pittsburgh Graduate School of Public 
Health, Pittsburgh, PA, United States, 5Instituto de Patologia Tropical e 
Saude Publica, Goiania, Brazil

Maternally transferred dengue IgG antibodies are likely to play an essential 
role in immunity and pathogenesis of dengue infection in infants. In 
order to investigate the kinetics of dengue-specific maternal antibodies 
transferred to children in the first years of life, a birth cohort of children 
living in an area of intense circulation of dengue virus in the northeast 
of Brazil has been established. Here, we carried out the analysis of 
376 mother-newborn pairs to investigate the transference of antigen-



46

astmh.org

specific antibodies via placenta. Maternal and umbilical cord samples 
were obtained during the time of delivery. Serotype-specific antibody 
profile was determined by PRNT, while in-house ELISA was used to both 
measure DENV-specific IgG titers (total and subclasses) and quantify IgG 
in the sera. Antibody titers were log-transformed and placental transfer 
calculated as ratio (value infant/value mother). In maternal sera, 202 out 
of 376 (53.7%) showed a monotypic profile against DENV3, 30.6% to 
the combination of DENV3/DENV4 and 5.3% had detectable neutralizing 
antibodies against others serotypes combinations. Dengue-specific IgG 
titers were significantly higher in cord blood than in maternal samples 
(p<0.05), which is consistent with an active transport mechanism across 
the placenta. Same pattern was also observed when comparing serotype-
specific antibodies titers to DENV3 and DENV4 in infants and mothers. 
DENV-specific IgG1 were more efficiently transferred to the neonate 
than IgG4 antibodies. More importantly, higher levels of maternal total 
IgG antibodies were associated with reduced transference of total IgG 
(R-squared=0.3015, p<0.05) and DENV3 antibodies to the neonate 
(R-squared=0.0129, p=0.021). Additionally, placental transference of 
DENV-specific IgG was reduced in mothers who experienced multitypic 
previous infections. These results suggest that maternal IgG levels directly 
influence placental transfer of DENV-specific antibodies and, thus, may 
contribute for dengue immunophatology on neonates.

151
ACUTE FEBRILE ILLNESS DUE TO DENGUE VIRUS INFECTIONS 
AMONG CHILDREN IN WESTERN KENYA

Bryson A. Ndenga1, Noah Mutai1, Claire Heath2, David Vu2, 
Francis Mutuku3, Dunstan Mukoko3, John Vulule1, Charles King4, 
Angelle D. LaBeaud2

1Kenya Medical Research Institute, Kisumu, Kenya, 2Stanford University, 
Stanford, CA, United States, 3Ministry of Health, Division of Vector Borne 
and Neglected Diseases, Nairobi, Kenya, 4Case Western Reserve University, 
Cleveland, OH, United States

Although dengue virus (DENV) is the most common arthropod-borne 
viral disease, little is known about DENV burden and disease between 
epidemics. Recent outbreaks of DENV have occurred in coastal Kenya; 
therefore, there is a need to confirm the presence of dengue virus 
infections and disease elsewhere in Kenya. Febrile children, aged 2-17 
years, presenting at Chulaimbo (rural site) and Obama Children’s (urban 
site) hospitals in western Kenya had RNA extracted from whole blood and 
standard PCR was performed in a two-step protocol (pan-DENV followed 
by DENV serotyping). Malaria testing by microscopy was performed on all 
samples. Of 113 children tested, 31 (27%) were positive, and 82 (73%) 
were negative. Those from the rural site were more likely to be positive 
(p<0.05): 12% (4/33) were positive from the urban site vs. 34% (27/80) 
from the rural site. There was no statistical difference between genders. 
Older children were more likely to be acutely infected (mean age 5.3 vs. 
3.6 years; p<0.01). All positive samples were DENV 1. For acute DENV 
infections, mean days of illness were 2.3, mean temperature was 38.9°C 
and was statistically higher in the DENV positive group (p<0.05). No 
children with acute DENV were hospitalized. DENV positives were more 
likely to be from households with more residents (p<0.05). DENV cases 
from the rural area occurred from July 11 to November 14, 2014, after 
the long rains. Sixty-one percent of samples were blood smear positive for 
malaria and 78% of DENV positives were blood smear positive. Testing 
is ongoing and positive PCR results will be confirmed by sequencing. In 
conclusion, preliminary findings of this study confirm the existence of 
acute dengue virus infections with resultant febrile disease in childhood 
from serotype DENV1 in both rural and urban villages in western Kenya. 
The rural village site was more likely to have acute dengue cases than 
the urban site, and they occurred toward the end of the rainy season. 
Those with acute DENV were malaria blood smear positive in most cases, 
therefore on site diagnosis needs to be available for accurate classification 
of febrile disease etiology.
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AN IMMUNOGENICITY OF E-DOMAIN III IS BOOSTED BY 
TRIMETHYL CHITOSAN (TMC) NANOPARTICLES DELIVERY 
SYSTEM

Nattika Nantachit1, Panya Sunintaboon2, Sukathida Ubol1
1Department of Microbiology, Faculty of Science, Mahidol University, 
Bangkok, Thailand, 2Department of Chemistry, Faculty of Science, Mahidol 
University, Bangkok, Thailand

Dengue virus infection is a major public health problem due to its 
high prevalence, rapid transmission, and serious complication. Many 
attempts were made to establish the preventable vaccine. One of great 
interest is a subunit vaccine due to its safety, ease of dose adjustment, 
the large scale in manufacturing. Unfortunately, subunit vaccine is poor 
in immunogenicity. To overcome this limitation, nanoparticle delivering 
system is applied to achieve an accurate immunization. A key feature 
of nanoparticle-delivered vaccine is its ability to simultaneous deliver 
antigen with adjuvanticity to specialized immune cells. In this study, 
the potential use of trimethyl chitosan (TMC) nanoparticles (NPs) as an 
adjuvant and delivery system for E-domain III of dengue virus type 3 (EDIII) 
was investigated. Recombinant soluble EDIII was produced using Pichia 
pastoris expression system. Western blotting with EDIII-specific antibody 
demonstrated that antigenicity of EDIII was preserved. Purified EDIII was 
reacted with TMC under ionotropic gelation method to form EDIII-TMC 
NPs. The EDIII-TMC NPs possess mean particles size of 255 nm with narrow 
size distribution and positive charge. Immunoblot analysis revealed that the 
integrity of entrapped EDIII was preserved. A release study showed that 
within 24 h more than 70% of EDIII disassociated from TMC NPs at 37°C, 
pH 5. The immunogenicity of EDIII-TMC NPs was then evaluated using 
an ex vivo model, primary human dendritic cells (DCs). The EDIII-TMC 
NPs-treated DCs exhibited a viability exceeding 90% at 48 h of treatment. 
Flow cytometric analysis showed the strong up-regulation of maturation 
markers on treated DCs. The EDIII-TMC NPs-treated DCs cultures increased 
production of various cytokines including proinflammatory cytokines 
(IL-1β, IL-6, TNF-α), Th1-inducing cytokines (IFN-γ, IL-2, IL-12p70), Th2-
inducing cytokine (IL-10), chemokines (MIP-1β, MCP-1), growth factors 
(G-CSF, GM-CSF). In conclusion, the EDIII-TMC NPs was successfully 
developed and was shown to exert strong immunogenicity. These findings 
highlight the potential of using TMC NPs as an adjuvant delivery system 
for dengue vaccine.

153
ANALYSIS OF VIRAL QUASISPECIES AND DENGUE DISEASE 
SEVERITY BASED ON NEXT GENERATION SEQUENCING DATA

Ma. Jowina H. Galarion, Brian E. Schwem, Coleen M. 
Pangilinan, Raul V. Destura
National Institutes of Health, Manila, Philippines

The error-prone nature of RNA polymerase and the intra-serotypic 
recombination due to rapid geographical spread of dengue cause high 
mutation rates in the viral genome, resulting in a genetically diverse 
population of viruses known as quasispecies. Although quasispecies have 
been well studied in the pathogenesis of chronic infections, its role in 
acute infections such as dengue remains to be elucidated. The analysis 
of dengue quasispecies is imperative especially in geographically-isolated 
countries, such as the Philippines, where there is a notable persistence 
of a single genotype yet dengue hemorrhagic fever epidemic cycles and 
severe forms of the disease are exhibited. In this study, next generation 
sequencing was used to analyze the sequences and estimate the 
frequencies of quasispecies isolated from 20 acute dengue serum samples, 
and correlate the genomic variations to disease progression and severity. 
Viral RNA was extracted from confirmed dengue sera with well-defined 
clinical profiles and prepared for whole genome sequencing with the 
Illumina MiSeq. Software packages ShoRAH and ViQuas were used in 
parallel for the quasispecies inference and reconstruction pipeline. The 
diversity and estimated frequencies of reconstructed haplotypes were 
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subsequently compared to the samples’ clinical profiles. The sequences are 
currently undergoing quasispecies analysis. Once completed, the diversity 
and frequency of the quasispecies will be compared to the severity of 
disease corresponding to the sample. The target date of completion for 
this study is on June 30, 2015.

154
CELLULAR ANTIVIRAL RESPONSE AGAINST DENGUE VIRUS 
REPLICATION

Cybele C. Garcia
Laboratory of Virology, Biochemistry Department, School of Sciences, 
University of Buenos Aires, Buenos Aires, Argentina

The intrinsic antiviral defense is based on cellular restriction factors that 
are constitutively expressed and, thus, active even before a pathogen 
enters the cell. The promyelocytic leukemia (PML) nuclear bodies (NBs) 
are discrete nuclear foci that contain several cellular proteins involved 
in intrinsic antiviral responses against a number of viruses, but little 
information is available regarding the antiviral role of PML against RNA 
viruses. Dengue virus (DENV) is an RNA emerging mosquito-borne 
human pathogen affecting millions of individuals each year by causing 
severe and potentially fatal syndromes. Since no licensed antiviral drug 
against DENV infection is currently available, it is of great importance to 
understand the factors mediating intrinsic immunity which may lead to 
the development of new pharmacological agents. In the present study, we 
investigated the in vitro antiviral role of PML in DENV-2 A549 infected 
cells. First, we evaluated the impact of PML silencing and overexpression 
on DENV-2 replication. The silencing of all PML isoforms caused about 
0.76 log increment in DENV-2 titre. On the other hand, the PMLIV 
isoform overexpression reduced significantly the extracellular DENV-
2 production. These results were in accordance with the viral antigen 
expression observed by immunofluorescence. Moreover, we analyzed the 
intracellular localization of PML-NBs during DENV-2 replication. Confocal 
microscopy images showed that the typical punctuate nuclear staining 
pattern of PML-NBs was lost during DENV-2 infection. Furthermore, it 
was observed a weak viral protein signal in neighboring cells, which also 
displayed increased number and size of PML-NBs. The pattern of PML 
did not change during the early stages of infection, and only after the 
new progeny of DENV-2 was released, a reduction in PML-NBs staining 
was observed. Altogether these results strongly suggest that a viral 
protein might be responsible of the PML-NBs disruption. These host- virus 
interactions may serve as targets for antiviral intervention.
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POST CHIKUNGUNYA EPIDEMIC CLUSTER OF DENGUE-1 
VIRUS INFECTION AMONG SCHOOL CHILDREN IN GRESSIER 
REGION, OUEST DEPARTMENT OF HAITI

Maha A. Elbadry1, Madsen Beau De Rochars1, Mohamed Rashid1, 
Glenn Morris1, Jacques Boncy2, Yves Jean Frantz Louis3, John 
Lednicky1, Bernard Okech1

1University of Florida, Gainesville, FL, United States, 2National Public 
Health Laboratory, Delmas, Haiti, 3d’Épidémiologie de Laboratoire et de 
Recherche, Delmas, Haiti

Dengue is the most common tropical and subtropical mosquito-borne viral 
infection caused by four distinct serotypes (1-4). In May 2014 an outbreak 
of chikungunya virus (CHIKV) started in the Ouest department in Haiti and 
the epidemic spread throughout the country. As the epidemic waned in 
the fall of 2014; febrile illnesses among a cohort of school children in the 
Gressier region remained relatively high. 177 febrile cases suspected for 
CHIKV infection reported from September 2014 to February 2015were 
tested for CHIKV and all four DENG serotypes using RT-PCR. Fourteen 
percent (25/177) were positive for Dengue-1 virus by RT-PCR while none 
were positive for CHIKV. The results indicate a common misdiagnosis of 
CHIKV, and active back to back transmission of DENG-1 virus in this region 
of Haiti.
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EVIDENCE OF TRANSMISSION OF DENGUE AND 
CHIKUNGUNYA VIRUSES IN WESTERN KENYA

David M. Vu1, Sandra Musaki2, Bryson A. Ndenga2, Francis M. 
Mutuku3, Eva Harris4, Mark T. Heise5, Dunstan Mukoko6, John 
Vulule2, Uriel Kitron7, Charles H. King8, A. Desiree LaBeaud1

1Division of Infectious Diseases, Department of Pediatrics, Stanford 
University School of Medicine, Stanford, CA, United States, 2Centre for 
Global Health Research, Kenya Medical Research Institute, Kisumu, Kenya, 
3Technical University of Mombasa, Mombasa, Kenya, 4Division of Infectious 
Diseases and Vaccinology, School of Public Health, University of California, 
Berkeley, Berkeley, CA, United States, 5University of North Carolina School 
of Medicine, Chapel Hill, NC, United States, 6Division of Vector Borne and 
Neglected Diseases, Ministry of Health, Nairobi, Kenya, 7Department of 
Environmental Sciences, Emory University, Atlanta, GA, United States, 
8Center for Global Health and Diseases, Case Western Reserve University, 
Cleveland, OH, United States

Dengue virus (DENV) and chikungunya virus (CHIKV) are important re-
emerging mosquito-borne pathogens that have been spreading rapidly, 
causing endemic and epidemic disease in tropical and sub-tropical 
regions. For many African countries, limited resources and lack of national 
surveillance systems make evaluating the true burden of DENV and CHIKV 
disease difficult. In 2014, we initiated a prospective study to measure 
DENV and CHIKV incidence in children who develop febrile illnesses, and 
seroprevalence among healthy children in western and coastal Kenya. 
Testing of serum samples for IgG and IgM to DENV and CHIKV by ELISA 
is ongoing, and neutralizing antibodies will be measured in a subset of 
samples. Preliminary results from IgG assays of samples from children 
residing in western Kenya confirm active transmission of both DENV and 
CHIKV. Specifically, among children who presented at the local health 
center with undetermined febrile illness from whom paired acute and 
1-month convalescent serum samples were obtained, 1 of 221 (0.5%) 
paired sera from children who resided in the rural village of Chulaimbo 
demonstrated seroconversion for DENV IgG vs. 3 of 117 (2.6%) paired 
sera from children residing in Kisumu, a large urban center (p=0.12). For 
CHIKV IgG, 6 of 209 (2.9%) sera from Chulaimbo children seroconverted 
vs. none of 115 in Kisumu children (p=0.09). Further, we found that 
among healthy children, 11.5% of Chulaimbo children were positive for 
serum DENV IgG vs. 2.8% of Kisumu children (p=0.0003). CHIKV IgG 
seroprevalence was similar between rural and urban centers (6.8% in 
Chulaimbo vs. 6.3% in Kisumu, p=1.0). No difference in seroprevalence 
was noted based on gender, overall or by location, with 39% of DENV- 
and 41% of CHIKV-seropositive children female. Children who were 
seropositive for either virus were older than seronegative children (mean 
age 8.6 vs. 7.1 years, p≤0.0001). These data provide evidence that 
DENV and CHIKV transmission is presently occurring in western Kenya 
and underscore the need for surveillance of these rapidly re-emerging 
infections to monitor developing outbreaks and allocate limited public 
health resources.

157
GENETICALLY MODIFIED AEDES AEGYPTI: THE SOLUTION TO 
OUR PROBLEM?

Chidinma B. Okafor
Armstrong State University, Savannah, GA, United States

This presentation intends to analyze the workings of the ongoing 
genetically modified Aedes aegypti initiative and its possible elimination 
of the spread of dengue fever, yellow fever and chikungunya. The diseases 
associated with A. aegypti are public health burdens with high incident 
and prevalent rates in Africa, Asia, Europe and Americas leading to 
morbidity and mortality. This exposition addresses the following question: 
What are the breeding mechanisms of genetically modified A. aegypti? 
How can these modified arthropods play a role in the elimination of 
dengue fever, yellow fever and chikungunya? What are the possible 
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adverse effects in humans? To answer these questions, this study critically 
examines ongoing research and experimental results pertaining to this 
innovation. Moreover, it will offer recommendations for continuous 
eradication of dengue fever, yellow fever and chikungunya.
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DENGUE AND MALARIA: ETIOLOGIES OF ACUTE FEBRILE 
ILLNESS IN ABIDJAN, IVORY COAST, 2011-2012

Maïna L’Azou1, Tiphanie Succo1, Mamadou Kamagaté2, 
Abdoulaye Ouattara3, Elia Gilbernair4, Edgar Adjogoua5, Christine 
Luxemburger1

1Sanofi Pasteur, Lyon, France, 2University Hospital of Cocody, Abidjan, Côte 
D’Ivoire, 3Institut Pasteur de Côte d’Ivoire, Abidjan, Côte D’Ivoire, 4Sanofi 
Pasteur, Abidjan, Côte D’Ivoire, 5Institut Pasteur, Abidjan, Côte D’Ivoire

Dengue disease is endemic in most tropical areas; however, dengue 
burden is uncertain in Africa. A prospective study was conducted in 
two hospital settings in Abidjan, Ivory Coast, from December 2011 to 
December 2012 to estimate the proportion of dengue and malaria cases 
among febrile patients and to describe the clinical and virological features 
of confirmed dengue cases. One week per month, blood samples were 
taken from patients of all ages who presented to outpatients clinics with 
fever (≥38°C). Patients with fever for more than 7 days, or a fever of 
known origin, and patients with jaundice were excluded. Thick blood films 
were examined and anti-DENV IgM and reverse transcription-polymerase 
chain reaction (RT-PCR) were performed. Eight hundred and twelve (812) 
subjects were studied (48.3 % women and 51.7% men) with 46.4 % 
of patients aged less than 9 years old. Seven hundred ninety six subjects 
(796; 98%) were tested for anti-dengue virus IgM and RT-PCR and thick 
blood film tests were performed on 807 samples. Four hundred and nine 
subjects (409; 50.4%) were clinically diagnosed as malaria, and no dengue 
case was reported based on clinical diagnosis. Three febrile patients (0.4%) 
had laboratory-confirmed dengue with one sample positive for DENV-3 
and 234 patients (29%) had laboratory-confirmed malaria. This study 
confirmed the presence of dengue virus in Abidjan outside of an epidemic. 
These results continue to question dengue transmission in Africa and 
stress the importance of laboratory capacity to ascertain dengue burden in 
Africa.
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STATISTICAL FITS OF MINIMAL WITHIN-HOST MODELS 
PROVIDE INSIGHTS INTO VIROLOGICAL DIFFERENCES 
BETWEEN DENGUE SEROTYPES

Rotem Ben-Shachar, Katia Koelle
Duke University, Durham, NC, United States

Dengue infections range in severity from asymptomatic infection to life-
threatening dengue hemorrhagic fever and dengue shock syndrome. 
Though dengue pathogenesis is still poorly understood, epidemiological 
studies have shown that a heterologous secondary infection and 
the infecting serotype are important risk factors. Here, we present 
mathematical within-host models of primary and secondary dengue 
infections that are the first to quantitatively describe how the interaction 
of the immune system with dengue virus leads to high cytokine production 
that impacts the probability of manifesting severe disease. Statistical fits of 
these models to viral load data from a clinical cohort of patients infected 
with dengue serotypes 1, 2, or 3 yield two hypotheses for important 
virological differences between dengue serotypes: (1) serotypes differ 
in their infectivity of host cells; and (2) serotypes differ in their ability to 
subvert viral clearance mechanisms. We show that dengue disease risk 
critically depends on which of these two hypotheses are at play. This work 
highlights the complex relationship between serotype-specific dengue 
viral load patterns and the risk of developing disease, and the critical need 
for viral load data early on in infection to discriminate between these 
hypotheses.
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DESIGNING MULTIFACETED DENGUE SURVEILLANCE 
SYSTEMS

Samuel V. Scarpino1, Lauren Ancel Meyers2, Michael A. 
Johansson3

1Santa Fe Institute, Santa Fe, NM, United States, 2The University of Texas 
at Austin, Austin, TX, United States, 3Harvard T.H. Chan School of Public 
Health, Boston, MA, United States

Dengue is a mosquito-borne viral disease that affects millions of people 
every year. Timely and accurate surveillance of dengue at multiple 
geopolitical scales is critical to prevention and control. Despite their clear 
importance, surveillance systems are often shaped by historical, logistical 
and economic constraints rather than optimized to address specific 
objectives. Here, we designed and evaluated a sentinel surveillance system 
to monitor regional, island-wide, and serotype-specific dengue incidence 
in Puerto Rico. Using 15 years of historical clinic-level dengue data, we 
identified the subset of clinics that best achieves these diverse surveillance 
objectives. The optimal group of 22 clinics identified by our methodology 
is expected to be almost as informative as the entire system of 105 clinics, 
and more informative than subsets of clinics chosen using alternative 
criteria such as patient volume and geographic diversity of clinics or 
patients. In out-of-sample validation, the optimized system captured 
more than 78% of the spatiotemporal variation for each objective: 86% 
for serotype-specific incidence, 78% for regional incidence, and 97% 
for island-wide incidence. In general, our data-driven selection method 
can identify sentinel surveillance sites that robustly achieve diverse public 
health objectives.
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TEMPERATURE ALTERS DENGUE VIRUS BLOCKING BY 
WOLBACHIA IN MOSQUITOES

Henry Yixin Ye, Alison Carrasco, Yi Dong, Scott O’Neill, Elizabeth 
McGraw
Monash University, Melbourne, Australia

Up to half of the world’s population is at risk of contracting dengue, 
a disease caused by the dengue virus (DENV) and transmitted by 
mosquitoes. Wolbachia pipientis, an obligate intracellular bacterium, 
is being developed as a biocontrol strategy against dengue because it 
limits replication of the virus in the mosquito. The Wolbachia strain 
wMel, which has been stably introduced into the mosquito vector, Aedes 
aegypti, has been shown to invade natural mosquito populations and 
spread to near fixation in field releases. However, conditions in the field 
can differ substantially from those in the laboratory and environmental 
factors such as temperature affect the infection and transmission of DENV 
in mosquitoes. Recently, the diurnal temperature range (DTR), which 
reflects the variation and fluctuation in temperature that occurs from 
the highs and lows during the day was found to significantly change 
the outcome of infection of the mosquitoes as compared to a constant 
temperature that is normally used in laboratories. Here, we studied the 
dissemination and transmission rate of DENV in A. aegypti under three 
temperature regimes (25±0oC constant, 25±4oC diurnal and 28±4oC 
diurnal). Firstly, we found that the constant temperature of 25±0oC 
overestimates the dissemination rates and transmission potential of 
the virus as compared to a diurnal temperature of 25±4oC. Raising the 
baseline of the diurnal temperature from 25±4oC to 28±4oC enhances 
the dissemination rates and transmission potential of the virus in the 
mosquitoes. Secondly, Wolbachia mediated virus blocking in terms of 
DENV infection rate in mosquito head and head DENV titer were affected 
by temperature (ie. temperature x Wolbachia effect). More specifically, a 
higher temperature resulted in a greater reduction of Wolbachia-infected 
mosquitoes achieving dissemination. Lastly, higher temperature also 
significantly reduced Wolbachia density in the head of the mosquitoes. 
Our study raises the importance of not confining the study of vector-
pathogen interactions to a constant rearing temperature of 25oC.
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SUBSET DISTRIBUTION AND PARTIAL MATURATION OF 
DENDRITIC CELLS DURING ACUTE DENGUE INFECTION

Nattawat Onlamoon, Ampaiwan Chuansumrit, Kulkanya 
Chokephaibulkit, Kanchana Tangnararatchakit, Chonnamet 
Techasaensiri, Nopporn Apiwattanakul, Sakaorat Lertjuthaporn, 
Kasama Sukapirom, Premrutai Thitilertdecha, Kovit 
Pattanapanyasat
Mahidol University, Bangkok, Thailand

Dendritic cell (DC) is considered as a cellular target for dengue virus. 
Dengue viral infection may block full phenotypic and functional maturation 
of DC resulting in change in the ratio of DC subsets which correlates with 
disease severity and might be the cause of the failure to induce protective 
adaptive immunity. The study to investigate distribution of DC subsets, 
maturation of DC during acute dengue infection and its potential function 
during the course of infection are warranted. In this study, flow cytometric 
analysis of the frequency and maturation stage of myeloid dendritic cells 
(mDCs) and plasmacytoid dendritic cells (pDCs) were conducted. To study 
the change in DC subsets in the peripheral blood of dengue infected 
patients, the patient blood samples were determined for phenotypic 
characterization of mDCs and pDCs. mDCs were identified as cells that 
are lin-/DR+/CD11c+/CD123- whereas pDCs were identified as a gated 
population of cells that are lin-/DR+/CD11c-/CD123+. Results showed 
that while a transient increase in the frequency of pDCs were observed 
in some patients, mDCs were a major population presented during acute 
infection. To determine the maturation of mDCs and pDCs, a panel of 
monoclonal antibodies against CD86/CD83/CD40/CD80 was used. While 
no significant expression of maturation marker was observed for pDCs, the 
result showed high expression frequency of maturation markers including 
CD40 and CD86 for mDCs. In contrast, the expression of CD80 and CD83 
could not be observed. To identify subpopulations of mDCs, a panel of 
monoclonal antibodies against CD1b/CD141/CD16 was used. While 
CD1b, CD141 and CD16 were used to identify different mDCs subsets, 
only CD16+ mDCs and CD141+ mDCs were observed at high frequency. 
Taken together, the results showed the presence of specific subpopulations 
of mDCs and a partial maturation of mDCs were induced during acute 
dengue infection. More importantly, the data obtained in this study 
suggested for a rationale design of a novel dengue vaccine with an aim to 
enhance DC maturation in order to induce a protective immune response 
against dengue viral infection.
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PHASE 1 STUDY OF A TETRAVALENT DENGUE PURIFIED 
INACTIVATED VACCINE (DPIV) IN HEALTHY U.S. ADULTS: 
SAFETY AND IMMUNOGENICITY RESULTS THROUGH 
MONTH 13 AND AFTER A BOOSTER DOSE IN A SUBSET OF 
SUBJECTS

Leyi Lin1, Luis J. Martinez1, Richard G. Jarman1, Rafael De La 
Barrera1, Kristopher Paolino1, Kenneth H. Eckels1, Edith Lepine2, 
Bruce L. Innis3, Alix Collard2, Richard C. Ruck1, Alexander C. 
Schmidt2, Stephen J. Thomas1

1Walter Reed Army Institute of Research, Silver Spring, MD, United States, 
2GlaxoSmithKline Vaccines, Rixensart, Belgium, 3GlaxoSmithKline Vaccines, 
King of Prussia, PA, United States

We report safety and immunogenicity of an investigational tetravalent 
DPIV up to Month 13 (M13) and after a booster dose in Year 2 (Y2). In 
this Phase 1, observer-blind study (NCT01666652), 100 healthy adults in 
the continental United States were randomized 1:1:1:1:1 to receive saline 
placebo or 1 of 4 DPIV formulations (1µg of each dengue virus [DENV] 
type adjuvanted with either aluminum hydroxide [Alum], AS01E or AS03B, 
or 4µg of each DENV type adjuvanted with Alum) at Day (D) 0 and D28. 
A subset of 4µg+Alum (n=3) and 1µg+AS01E (n=6) recipients received 
a booster dose (same formulation) 15–21M post-dose 2. Subjects were 

followed up for serious adverse events (SAEs), potential immune-mediated 
diseases (pIMDs) and medically-attended AEs (MAEs). Solicited and 
unsolicited AEs were monitored respectively for 7D and 28D post-booster. 
Neutralizing antibody titers were determined by microneutralization assay 
(MN50). Four SAEs were observed through M13 (3 in 1µg+AS03B; 1 in 
1µg+AS01E); none were related to vaccination. No pIMDs and 11 MAEs 
were reported. In the 9 booster recipients, 1 grade 3 solicited AE was 
reported (muscle aches, 1µg+AS01E); no unsolicited AEs, pIMDs or SAEs 
were reported. The M13 per-protocol cohort for immunogenicity included 
84 dengue-naïve subjects; the dose 3 cohort included all 9 subjects. 
Geometric mean antibody titers (GMTs) waned from D56 to M7 then 
stabilized through M13 in all DPIV groups. M13 GMTs against DENV-1, -2, 
-3, -4 ranged from 5.3–7.9 (1µg+Alum), 7.3–13.2 (4µg+Alum), 9.3–36.7 
(1µg+AS01E), 8.2–24.9 (1µg+AS03B), and 5.0 (placebo). Booster recipients 
had rapid rises in MN50 titers: 1M post-booster, median MN50 titers 
against DENV-1, -2, -3, -4 were, respectively, 4421, 3909, 5662, 20370 
(1µg+AS01E), and 7570, 3989, 3747, 20390 (4µg+Alum); 6M post-
booster, these were 1115, 806, 1290, 792 (1µg+AS01E), and 436, 625, 
936, 700 (4µg+Alum). All DPIV formulations at D0 and D28 were well 
tolerated with favorable safety profiles up to M13, and induced balanced 
immune responses. GMTs stabilized from M7 through M13, and a booster 

in Y2 led to strong anamnestic responses. Whether a booster is required 
remains to be determined.
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REGULATORY EFFECTS ON THE SYNTHESIS OF DENGUE 
VIRAL E PROTEIN DURING THE UNFOLDED PROTEIN 
RESPONSES (UPR) IN MOSQUITO CELLS

Yi-Hsuan Chiang, Tien-Huang Chen, Wei-June Chen
Chang Gung University, Tao-Yuan, Taiwan

Dengue fever and dengue hemorrhagic fever/dengue shock syndromes 
are increasing in their importance as a life-threating infectious disease 
in the world, particularly in tropical and subtropical areas. Dengue virus 
is its etiological agent and is naturally transmitted by Aedes mosquitoes 
between humans. As a result, the virus is able to replicate in both 
mammalian and mosquito cells. However, unlike in mammalian cells 
which usually end up with apoptosis in response to dengue virus infection, 
mosquito cells usually survive the infection with trivial damage to the 
infected cells. It facilitates that the invaded virus forms a huge number 
of progeny virions in mosquito cells; in the meantime, virus-induced 
endoplasmic reticulum (ER) stress is usually induced due to the unfolded 
protein responses (UPR) in infected cells. We have demonstrated that BiP/
Grp78 is upregulated and eventually involved in viral E protein folding 
during dengue virus infection in mosquito cells. In addition, spicing 
of X-box-binding protein-1 (XBP1) is found to be activated, leading 
to promotion of protein disulfide isomerase (PDI) expression and thus 
appropriate synthesis of viral E protein. This study provides evidence to 
elucidate how disulfide bond-containing viral proteins may be formed via a 
collaborative modulation of chaperones and transcription factors.

165
HYPOXIA FAVORS ANTIBODY DEPENDENT DENGUE

Esther S. Gan, Hwee Cheng Tan, Kuan Rong Chan, Eng Eong Ooi
Duke-NUS Graduate Medical School, Singapore, Singapore

Dengue virus (DENV) enters humans through the infective saliva of a 
blood-feeding Aedes mosquito. This virus is thought to rapidly infect 
dendritic and Langerhans cells, which then migrate to draining lymph 
nodes. There, DENV is amplified before spread to other target organs, 
such as the spleen and liver. Lymph nodes, spleen and liver are hypoxic 
under homeostatic conditions. Previous studies have shown that 
hypoxia can modify the transcriptome of human monocytes affecting its 
immunoregulatory responses and could therefore have profound but yet 
unexplored effects on DENV infection. We report here that, compared 
to cells cultured at 20% O2 (normoxia), infection of THP1 and primary 
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monocytes at 3% O2 (hypoxia), which is the reported O2 levels in lymph 
nodes, produced 2-fold more infectious DENV. Interestingly, the protein 
levels of FcγRIIA but not FcγRIIB is up-regulated under hypoxic conditions. 
The differential expression of these FcγR explains our observed increased 
uptake of DENV immune complexes and requirement for higher antibody 
concentration to fully neutralize DENV in monocytic cells cultured under 
hypoxic compared to normoxic conditions. These findings suggest that 
FcγRIIA expression is under the control of hypoxia, for which hypoxia-
inducible-factor 1a (HIF1α) plays a major role in regulating the cellular 
response to hypoxia. Indeed, treatment of THP1 cells with desferrioxamine 
(DFX) to inhibit the degradation of transcription factor HIF1α under 
normoxic conditions resulted in increased FcγRIIA expression and DENV 
immune complex uptake. Finally, using high resolution microscopy, we 
show that FcγRIIA directly mediates internalization of DENV immune 
complexes. Collectively our data indicates that the host response 
to antibody dependent DENV infection in lymphoid organs that are 
physiologically under hypoxic conditions is fundamentally different from 
those observed in vitro under normoxia.

166
SERUM ANTIBODY AVIDITY AND SUBCLASS IN SUBCLINICAL 
AND SYMPTOMATIC DENGUE VIRAL INFECTIONS

Dina E. Popuche1, Roger Castillo1, Robert Hontz1, Maya Willians2, 
Amy Morrison1, Brett Forshey3

1U.S. Naval Medical Research Unit - 6, Lima, Peru, 2Naval Medical Research 
Center, Silver Spring, MD, United States, 3Armed Forces Health Surveillance 
Center, Silver Spring, MD, United States

 Existing assays for dengue virus infection, including virus neutralization, 
are poorly predictive of clinical protection from infection and disease. 
The objective of this study was to evaluate the utility of serotype-specific 
serum antibody avidity and IgG subclass in predicting protection from 
clinical illness following DENV infection. Serum samples were collected 
from participants in longitudinal cohort and community-based febrile 
surveillance studies in Iquitos, Peru. We compared serotype-specific 
neutralization titers, IgG avidity (as measured by immunoassay), and IgG 
subclass titers (as measured by immunoassay) in pre- and post-infection 
samples from individuals with symptomatic or subclinical DENV infection. 
Based on preliminary analysis of DENV-3 and DENV-4 infections, there was 
a modest but statistically significant correlation between post-infection 
neutralization titers and IgG avidity. In pre-infection samples, IgG avidity 
was increased among subclinical infections compared with symptomatic 
infections. For IgG subclasses, IgG1 was the dominant subclass of 
antibodies, followed by IgG4; however, we did not observe clear 
relationship between titers of specific IgG antibody subclass and outcome 
from infection (i.e., subclinical or symptomatic). Based on our preliminary 
analysis, IgG avidity warrants further evaluation as a marker of protection. 
Potential implications for dengue epidemiological studies and vaccine 
candidate evaluation will be discussed.
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A COMPARATIVE STUDY ON ACTIVE AND PASSIVE 
EPIDEMIOLOGICAL SURVEILLANCE IN FIVE LATIN AMERICA 
COUNTRIES

Elsa Sarti1, Maina L´Azou2, Marcela Mercado3, Pablo Kuri4, Erick 
Solis1, Fernando Noriega5, Leon Ochai2
1Sanofi Pasteur, México City, Mexico, 2Sanofi Pasteur, Lyon, France, 
3Instituto Nacional de Salud, Bogota, Colombia, 4Universidad Nacional 
Autónoma de México, México City, Mexico, 5Sanofi Pasteur, Washington, 
DC, United States

Dengue is a public health problem that concerns more than 100 countries 
in the world. Usually the disease burden estimates come from the National 
Epidemiological Surveillance Systems (NESS), but the depth and breadth of 
the system, as well as the quality of the data are often criticized. We aim 
to describe main characteristics of NESS in five countries in Latin America 

(Brazil, Colombia, Honduras, México and Puerto Rico) where a clinical trial 
was conducted, and contrast the NESS data with the placebo arm of the 
trial data to better understand differences in dengue burden. NESS data 
on incidence of suspected and/or confirmed dengue cases by age group 
and by different geographical levels, if available, were extracted for the 
period between 2011 and 2014. Incidence rate of confirmed dengue fever 
(DF) cases ranged from 0.01% per year in Honduras to 0.31% in Brazil. 
The incidence rate of DHF had a great variability and ranged from 35 per 
100,000 population in Honduras to less than 1 per 100,000 population 
in Puerto Rico and Brazil. The Phase III randomized, placebo-controlled 
dengue vaccine trial (CYD15) prospectively collected data from children 
aged 9-16 years and followed up between June 2011 and April 2014. 
6,939 children from the placebo arm were included in the analysis. There 
were 389 virologically confirmed DF cases from 3,617 febrile episodes 
(2.84 per 100 person-year), ranging between 1.5 in Puerto Rico and 4.1 
in Honduras. Ten DHF cases were found, for an incidence of 0.07 per 100 
person-year. Rate difference in the similar age groups between CYD15 
placebo group and NESS at the national level ranged between 16x in 
Brazil and 61x in México. At lower geographical level (state) were 6.9x in 
Brazil and 17.6x in Mexico, and in city (site) level were 3.9x in Brazil and 
12.6x in Mexico . The rate differences highlight that dengue burden data 
depends heavily on case definitions and clinical assessment. Our results 
help to better understand the clinical burden of dengue disease in these 
5 countries and contribute to the WHO objective to estimate the true 
burden of dengue disease by 2015.
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T CELL IMMUNITY TO VACCINATION WITH A LIVE 
ATTENUATED TETRAVALENT DENGUE VACCINE CANDIDATE 
IN NON HUMAN PRIMATES

Charalambos Partidos1, Yuping Ambuel1, Haiyan Chu1, Eva 
Rakasz2, Dan T Stinchcomb1, Jorge E Osorio1

1Takeda Vaccines, Inc., Deerfield, Chicago, IL, United States, 2Primate 
Research Center, University of Wisconsin, Madison, WI, United States

Dengue virus (DENV) causes a rapidly spreading mosquito-borne human 
viral disease that has major impact on global health and economics. 
Currently, there is no licensed vaccine against DENV. We have developed 
a live attenuated tetravalent dengue vaccine candidate (TDV) based on an 
attenuated dengue 2 virus (TDV-2) and three chimeric viruses containing 
the pre-membrane and envelope genes of DENV-1, -3 and -4 expressed 
in the context of the attenuated DENV-2 genome (TDV-1, 3, and -4, 
respectively). In this study we sought to characterize the cellular responses 
elicited by the TDV backbone in non-human primates (NHPs), identify 
the target proteins of this response, and determine their multifunctional 
and cross-reactive nature. Using peptide arrays and intracellular cytokine 
staining, we demonstrated that the vaccine elicits CD4+ and CD8+ T cell 
responses targeting the non-structural NS1, NS3 and NS5 proteins of 
DENV-2. Both T cell subsets produced IL-2, IFN-γ, and TNF-α, and were 
multifunctional in nature. In addition, CD8+ T cells expressed the CD107a 
marker, and exhibited cross-reactivity with the NS proteins of the other 
three DENV serotypes. Overall, these findings highlight the immunogenic 
profile of TDV vaccine candidate and support the further evaluation of 
clinical samples from ongoing phase II clinical trials.
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DENGUE IGG/IGM IN FEBRILE PATIENTS SUSPECTED TO HAVE 
MALARIA IN LAGOS, NIGERIA

Wellington A. Oyibo, Queen U. Esi
ANDI Centre of Excellence for Malaria Diagnosis, College of Medicine, 
University of Lagos, Idi-Araba, Lagos, Nigeria

Malaria is the most suspected cause of febrile illness in Nigeria not dengue 
as there are dearth of information on dengue in Nigeria though dengue 
exists in West Africa especially in Côte d’Ivoire. Malaria and dengue 
are the most common arthropod-borne diseases in humans exhibiting 
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similar geographic distribution and clinical presentation. The objective 
of this study was to screen suspected patients who presented with fever 
at Badagry general hospital, Regina Mundi hospital, Mushin, Randle 
general hospital, Suru-lere, and Igando general hospital facilities in Lagos, 
southwest, Nigeria, for malaria using microscopy and dengue by using 
the ELISA IgG and IgM. A total of 247 children and adult patients were 
screened at presentation: The patients presented with the following 
symptoms: temperature ≥37°C [(13.9%)], history of fever in the last 
48hour 34 (52.5%), chills (43.1%), loss of appetite (42%), headache 
(48%), and weight loss (28.2%). 14 (5.7%) were positive for malaria and 
9 (3.70%) for dengue IgG while 3 (1.2%) were positive for dengue IgM. 
Of the dengue IgG positives, only 1 patient showed positivity with further 
IgM capture ELISA test (MAC-ELISA). There were no cases of malaria 
and dengue co-infections. Both malaria and dengue showed statistical 
association with fever but not with sex or age. In order to further compare 
the relationship between malaria and dengue IgG and IgM using chi-
square test, no statistical significant relationship existed between the two 
infections. Similarly, there was also no statistically significant relationship 
between malaria and dengue IgM infections. Dengue fever which is 
regarded as one of the most important mosquito-borne viral disease is 
clinically difficult to diagnose at the early stage especially in developing 
countries and could be mistaken for malaria. Attention is currently not 
focused on dengue at the moment in Nigeria. An expanded study is 
suggested to document possible dengue as well as confirmatory tests 
on capture IgM ELISAs so that cases could be detected early when they 
present as well as encouraging proper surveillance.
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LONG TERM DENGUE DISEASE PATTERNS IN BANGKOK, 
THAILAND: 1973 TO 2012

Butsaya K. Thaisomboonsuk1, Ananda Nisalak1, Hannah 
E. Clapham2, Siripen Kalayanarooj3, Chonticha Klungthong1, 
Stefan Fernandez1, Louis R. Macareo1, Justin T. Lessler2, Derek A. 
Cummings2, In-Kyu Yoon1

1Department of Virology, Armed Forces Research Institute of Medical 
Sciences, Bangkok, Thailand, 2Department of Epidemiology, Johns Hopkins 
School of Public Health, Baltimore, MD, United States, 3Queen Sirikit 
National Institute of Child Health, Bangkok, Thailand

Since 1962, Queen Sirikit National Institute of Child Health (QSNICH) and 
the Armed Forces Research Institute of Medical Sciences (Armed Forces 
Research Institute of Medical Sciences) have engaged in collaborative 
studies of dengue. Here, we analyze 40 continuous years of dengue 
surveillance from 1973 to 2012. We describe long-term trends in dengue 
disease including serotype predominance, age distributions, relative 
proportions of primary and secondary infections, and disease severity. 
Data were analyzed from 25,715 patients with laboratory-confirmed 
DENV infection admitted to QSNICH. DENV-1 and DENV-2 predominated 
for long periods, while DENV-4 has never reached the same peaks. In 
recent years, all four serotypes have more consistently circulated at the 
same time. The mean age of dengue cases increased from 7.12 to 8.14 
years old in our study consistent with a decrease in force of infection. 
There was also an increase after 1990 in the proportion of cases that were 
secondary for DENV-1 and DENV-3. An overall decrease in disease severity 
occurred during the 40 year study period. Concurrently, a decrease in the 
proportion of dengue cases that were DHF and DSS in secondary infections 
with increasing age was observed after nine years old. We shed light on 
how this dengue epidemiology has interacted with other changes in the 
population such as demography and healthcare changes. Our findings may 
inform similar changes that may only now be occurring in other countries.
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MOLECULAR EPIDEMIOLOGY OF DENGUE VIRUS 
CIRCULATING IN BANGKOK, THAILAND, 2003-2013

Chonticha Klungthong1, Thipwipha Phonpakobsin1, Butsaya 
Thaisomboonsuk1, Wudtichai Manasatienkij1, Ananda Nisalak1, 
Siripen Kalayanarooj2, Warunee Punpanich Vandepitte2, Louis 
R. Macareo1, Robert V. Gibbons3, Richard G. Jarman4, Stefan 
Fernandez1, In-Kyu Yoon1

1U.S. Army Medical Component-Armed Forces Research Institute of 
Medical Sciences, Bangkok, Thailand, 2Queen Sirikit Institute of Child 
Health, Bangkok, Thailand, 3USAISR, Fort Sam Houston, TX, United States, 
4Walter Reed Army Institute of Research, Silver Spring, MD, United States

Dengue virus (DENV) is the most prevalent arbovirus globally and is 
hyperendemic in Southeast Asia (SEA). Thailand is considered a potential 
epicenter for transmission of all four DENV serotypes (DENV-1 to 4) 
throughout SEA. Previous studies of the molecular epidemiology and 
evolution of DENV in Thailand were conducted by phylogenetic analyses 
using samples collected from 1973-2002. In this study we use recent 
and current DENV strains circulating in Thailand to update our DENV 
genetic diversity phylogenetic analyses. Envelope gene sequences from 
287 DENV isolates obtained from Bangkok in 2003-2013 were evaluated. 
Phylogenetic analysis revealed genotype I (DENV-1), Asian I (DENV-2), 
genotype II (DENV-3), and genotype I (DENV-4) to be the major circulating 
genotypes during the study period. Clade extinction and replacement 
events were found for all serotypes. The highest viral diversity was found 
in DENV-3 with three genotypes detected: I, II, and III. The re-emergence 
of DENV-3 genotype III was identified in 2009 and this genotype has been 
co-circulating with genotype I in recent years. Only one DENV-3 genotype 
II strain was detected in 2012 and was likely imported from a neighboring 
country. Our DENV genotypic analysis provides the necessary baseline to 
help monitor the arrival of emerging new strains.
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HUMAN PLASMABLAST RESPONSES TO SECONDARY 
DENGUE INFECTION

Lalita Priyamvada1, Alice Cho1, Nattawat Onlamoon2, Kulkanya 
Chokephaibulkit2, Kovit Pattanapanyasat2, Rafi Ahmed1, Patrick C. 
Wilson3, Jens Wrammert1

1Emory University, Atlanta, GA, United States, 2Mahidol University, 
Bangkok, Thailand, 3University of Chicago, Chicago, IL, United States

Despite the massive disease burden and pressing need for antivirals 
and vaccines against dengue, the immunology of dengue virus (DENV) 
infections remains poorly understood. In this study, we describe B cell 
responses generated during the acute phase of DENV infection. Our 
lab has previously shown that a large population of DENV-specific 
plasmablasts appears in the blood of dengue patients around the time of 
fever subsidence. To understand the functional properties of these acute-
phase cells and what role the antibodies they make play in an immune 
response, we isolated plasmablasts from 4 Thai patients experiencing 
secondary DENV infection and generated 53 monoclonal antibodies 
(mAbs) by single-cell RT-PCR and cloning of the plasmablast VDJ genes. 
We determined that a large majority of the DENV envelope-specific mAbs 
in our panel was either fully (4 serotypes) or partially (2-3 serotypes) cross-
reactive, with a large majority also exhibiting cross-neutralizing activity in 
vitro. Serotype-specific neutralizing mAbs represented <20% of the entire 
mAb panel. Interestingly, more than half of the mAbs generated from two 
patients displayed stronger neutralization of DENV1 than DENV2 even 
though they were diagnosed with DENV2 at the time of sample collection. 
This is reminiscent of original antigenic sin, given all patients had prior 
DENV exposures. Further, a majority of serotype-specific neutralizing mAbs 
either moderately or potently enhanced DENV infection of U937 cells 
indicating that the potential for ADE is not limited to cross-reactive mAbs. 
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These initial characterizations of plasmablast-derived mAbs give insight 
into the specificity and function of early antibody responses in dengue 
infection at a single-cell level.

173
EFFECT OF REPEAT HUMAN BLOOD FEEDING ON 
WOLBACHIA DENSITY AND DENGUE VIRUS INFECTION IN 
AEDES AEGYPTI

Hilaria E. Amuzu1, Cameron P. Simmons2, Elizabeth A. McGraw1

1Monash University, School of Biological Sciences, Clayton, Australia, 
2University of Melbourne, Department of Microbiology and Immunology, 
Parkville, Australia

Wolbachia is an endosymbiotic bacterium that has been introduced 
into Aedes aegypti to limit the replication of dengue virus (DENV) in 
the vector. In both mosquito cell lines and in whole mosquitoes higher 
Wolbachia infections show increased DENV blocking. Wolbachia density 
is known to be affected by several factors including host nutrition. Since 
Ae. aegypti are “sip” feeders returning often to obtain blood meals there 
was a need to assess whether a relationship exists between Wolbachia 
densities and human blood feeding as this could lead to greater DENV 
inhibition over the life of the mosquito. The wMel Wolbachia infected 
Ae. aegypti line and the Wildtype Ae. aegypti mosquito which is not 
infected with Wolbachia were concurrently reared for this study. There 
were three treatment groups for each mosquito line; a control group 
which was not fed human bloodmeal, a second group which was given 
one human bloodmeal and a third group which was given two successive 
human bloodmeals two weeks apart. Apart from the controls which 
were not blood fed, all mosquitoes were first given human bloodmeal 
5 days post eclosion. The mosquitoes in the third treatment group were 
given a second human blood meal 12 days post eclosion. All the three 
treatment groups were orally infected with DENV simultaneously 19 
days post eclosion. The midguts and salivary glands which are the tissues 
necessary for infection and transmission of DENV in the mosquito, were 
dissected from each individual mosquito 10-11 days post infection. RNA/
DNA was then simultaneously extracted from each dissected tissue 
and carcass/remainder of the mosquito body for DENV RNA copies and 
Wolbachia density quantification respectively. We found no clear evidence 
that Wolbachia density increased with feeding and therefore saw no 
corresponding improvements in DENV blocking. Hence Wolbachia-based 
DENV blocking should be stable with respect to mosquito feeding cycle.
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KNOWLEDGE, ATTITUDES AND PRACTICES REGARDING 
DENGUE AND ITS SOCIODEMOGRAPHIC DETERMINANTS IN 
COLOMBIA: A MULTIPLE CORRESPONDENCE ANALYSIS

Diana Rocio Higuera-Mendieta, Sebastian Cortés, Catalina 
González-Uribe, Juliana Quintero
Fundación Santa Fe de Bogotá, Bogotá, Colombia

During the last decades, a number of studies have been analyzed the 
knowledge, attitudes and practices (KAP) of the population regarding 
dengue. However, none of them have applied multivariate geometric data 
analytic techniques to generate indexes from KAP domains. Likewise, 
results of such analysis have not been used in order to determine the 
potential effects of sociodemographic variables on the levels of KAP. 
The objective was to determine the sociodemographic factors related 
to different levels of KAP regarding dengue in two hyper-endemic cities 
of Colombia using a multiple correspondence analysis (MCA). In the 
context of a Cluster Randomized Trial, 3998 households were surveyed 
in two Colombian cities between 2012 and 2013. To generate indexes of 
KAP we performed a MCA followed by a hierarchical cluster analysis to 
classify each score in different groups (from less to more score). A quantile 
regression analysis for each score group was conducted considering 
fixed effects. Indexes explained 56%, 79% and 83% of the variance of 
knowledge, attitudes and practices domains with means 4.2, 1.4 and 

3.2, respectively. The highest values of the index denoted higher levels of 
knowledge and practices while the attitudes index did not show the same 
relationship and was excluded from the analysis. In the quantile regression, 
age 0.06 (IC95% 0.038, 0.076), years of education 0.15 (IC95% 0.09, 
0.2), and history of dengue in the family 0.21 (IC95% 0.15, 0.27) were 
positive related to lower levels of knowledge. However, the effect of such 
factors gradually decreases or disappears when knowledge was higher. 
Only decision-making about family health care increased knowledge score 
in the higher quantile. Practices indexes did not evidence correlation with 
sociodemographic variables. Multiple Correspondence Analysis is a new 
useful tool for the analysis of knowledge and practices regarding dengue 
from KAP questionnaires because allows for the transformation of several 
categorical variables into a single coherent index. Moreover, the magnitude 
of the effect of sociodemographic variables in the knowledge scores varies 
according to the levels of knowledge
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HEALTH SEEKING BEHAVIOR AND TREATMENT INTENTIONS 
OF DENGUE AND FEVER: A HOUSEHOLD SURVEY OF 
CHILDREN AND ADULTS IN VENEZUELA

Jelte Elsinga1, Erley Lizarazo1, Maria F. Vincenti1, Masja Schmidt1, 
Luzlexis Arias2, Zoraida I. Velasco-Salas1, Adriana Tami1
1Department of Medical Microbiology, University of Groningen, University 
Medical Center Groningen, Groningen, Netherlands, 2Instituto de 
Investigaciones Biomédicas, Universidad de Carabobo, Maracay, Bolivarian 
Republic of Venezuela

Dengue in Venezuela is a major public health problem with an increasing 
incidence of severe cases. Early diagnosis and treatment influences the 
outcome of dengue illness, as delay in care-seeking is associated with 
severe dengue. We aimed to understand patterns of health seeking 
behaviour (HSB) in individuals exposed to high dengue transmission 
in order to improve early attendance to health centres. Between 
September 2013 and February 2014 a cross-sectional household survey 
was performed in Maracay, Venezuela. Intended HSB of adults and 
parents/guardians was assessed. Data was collected through structured 
questionnaires from 105 individuals. In the case of suspected dengue, 
most people (60%) would choose to first seek medical help versus first 
treating at home, in contrast to 11% in the case of fever . Amongst 
those who decided to visit a doctor, a suspected dengue infection would 
prompt them to search medical help earlier than if having fever (p<0.001). 
Multivariate analysis of the determinants associated with the intention 
to firstly visit a doctor versus treating at home in the case of dengue 
showed that feeling at risk prompted people to first seek medical help 
(OR=3.29; p=0.042). Determinants of first treating a dengue infection at 
home were: deciding in the conduct of a child (as opposed to an adult) 
(OR=0.30, p=0.021), reporting a previous dengue infection (OR=0.29; 
p=0.031) and living in the neighbourhood Caña de Azúcar (OR=0.28, 
p=0.038). Understanding the patterns of HSB helps target dengue control 
interventions. Improving awareness and dengue disease recognition may 
enhance early attendance to medical care of affected populations and 
thereby reduce mortality and the development of severe illness. Especially 
for those with a previous dengue infection, efforts have to be made to 
promote prompt health centre attendance.
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ANALYSIS OF CLONAL LINEAGES OF DENGUE VIRUS 
ENVELOPE PROTEIN SPECIFIC ANTIBODIES FROM A SINGLE 
PATIENT

John S. Schieffelin1, Lindsey Bazone1, Kristen M. Kahle2, Sharon 
Isern3, Benjamin J. Doranz2, James E. Robinson1, Scott F. Michael3
1Tulane University, New Orleans, LA, United States, 2Integral Molecular, Inc, 
Philadelphia, PA, United States, 3Florida Gulf Coast University, Fort Meyers, 
FL, United States

The humoral immune response to dengue infection plays a key role 
in homotypic immunity and, theoretically, in the antibody dependent 
enhancement of infection during heterotypic, secondary infections. 
Our understanding of the human anti-dengue antibody repertoire is 
limited. The goal of this study was to determine the genetic diversity 
of anti-dengue envelope proteins produced by a single patient. Human 
monoclonal antibodies (HMAb) targeting the DENV envelope protein were 
generated by molecular cloning and characterized. All antibodies where 
tested for neutralizing and enhancing activity. Epitope mapping was done 
using shotgun mutagenesis. The heavy and light chain variable regions 
of each HMAb were then sequenced and analyzed using IMGT/V-QUEST 
and Cloanalyst software programs. All hMAbs bound to the E protein of 
one or more DENV serotype. Epitope mapping studies revealed that all of 
the hMAbs targeted epitopes located on Domain II (DII) of the E protein. 
Functional characterization of these hMAbs revealed extensive cross-
reactivity among the four DENV serotypes as well as marked heterogeneity 
with regards to relative binding affinity and neutralization and 
enhancement potential. Categorizing individual hMAbs into three distinct 
epitope classes revealed that hMAbs within a particular epitope class 
shared similar functional characteristics. Analysis of VDJ genes encoding 
the heavy and light chain variable regions revealed three separate lineages 
that closely matched the groupings based on functional characteristics. 
Clonal analysis of hMAbs from a single patient revealed distinct lineages 
of broadly neutralizing, weakly neutralizing and non-reactive hMAbs 
that bind to adjacent regions of the E protein. These results could impact 
vaccine design, ie development of sub-unit vaccine that will stimulate 
distinct population of memory B cells.

177
EBOLA PREPAREDNESS IN MALAWI: NATIONWIDE HEALTH 
EDUCATION USING A SHORT MESSAGE SERVICE (SMS) ON 
MOBILE PHONES

Samuel Kampondeni
Queen Elizabeth Central Hospital, Blantyre, Malawi

Novel approaches are needed to rapidly educate whole populations on 
Ebola prevention in the face of the epidemic. Since September 2014, an 
SMS (Short Message Service) health information delivery platform called 
Moyo Wanga was introduced across Malawi to disseminate information 
on Ebola and other diseases in English and the local language, Chichewa. 
Malawi has a population of 14million with 5 million cellphone users. A 
database of over 300 SMS texts covering Ebola, HIV/Aids, Tuberculosis 
and other Tropical diseases were placed on a server. The server was 
connected to the three major cellphone networks in Malawi using an 
internet VPN (virtual private network). Using any type of cellphone, a 
user dials one shared code for any of the three networks to access the 
Moyo Wanga database and selects an SMS using drop down menus. 
The platform also has a dialogue facility that allows a user to send back 
questions and a physician to offer solutions. Beginning with the initial 
7,700 SMS’s downloaded in the first 2 weeks, the service continues to 
show ever increasing downloads. With people sharing SMS’s within and 
across networks health information is disseminated rapidly across the 
country. Mobile technology using SMS’s is being used effectively to rapidly 
disseminate crucial preventive information about Ebola and other diseases 

in Malawi. Knowledge of the transmission and preventive steps are critical 
in stopping Ebola spread to Malawi and other countries where the disease 
has not reached.
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INFLUENZA SEROCONVERSION RATES IN A COHORT OF 
YOUNG CHILDREN, BANGKOK, THAILAND

Kamonthip Rungrojcharoenkit1, Kamonthip Rungorjcharoenkit2, 
Wanitchaya Kittikraisak3, Darunee Ditsungnoen3, Sonja J. Olsen4, 
Piyarat Suntarattiwong5, Tawee Chotpitayasunondh5, Chonticha 
Klungthong1, In-Kyu Yoon1, Fatimah S. Dawood4, Stefan 
Fernandez1, Kimberly Lindblade3, Kimberly Lindblade4

1Armed Forces Research Institute of Medical Sciences, Bangkok, Thailand, 
2Department of Microbiology, Faculty of Science, Mahidol University, 
Bangkok, Thailand, 3Thailand MOPH- U.S. Centers for Disease Control 
and Prevention Collaboration, Nonthaburi, Thailand, 4Influenza Division, 
Centers for Disease Control and Prevention, Atlanta, GA, United States, 
5Queen Sirikit National Institute of Child Health, Bangkok, Thailand

Influenza causes a substantial burden of disease in young children. In 
2011, we began enrolling a cohort of children aged <36 months to 
estimate the burden of influenza in Bangkok, Thailand. Children with 
and without underlying conditions (e.g., low birth weight, respiratory, 
cardiopulmonary and neurological disease) who sought care at Queen 
Sirikit National Institute of Child Health were followed for 2 years. Serum 
samples were collected every 6 months from children enrolled within the 
first 6 months of birth and tested by hemagglutination inhibition (HI) 
assay using representative of influenza viruses circulating at the time of 
the study (A/California/07/2009 (H1N1), A/Victoria/361/2011 (H3N2), B/
Brisbane/60/2008, and B/Wisconsin/1/2010). Seroconversion was defined 
as >4-fold rise in HI titers in 2 consecutively collected serum samples. 
We excluded vaccinated children and reported preliminary finding of 
seroconversion rates by high-risk and healthy children. Between August 
2011 and September 2013, 63 (34 healthy and 29 high-risk) of the 299 
enrolled children have been tested to date. The median age at baseline 
blood collection was 3.9 months (range, 0.5-6.3) and it did not differ 
between 2 groups (p=0.76). No children had influenza seroconversion 
during the first 6 month of age. Over 2 years, 16 healthy and 11 high-risk 
children seroconverted (2.6 vs. 2.0/100 person-months [PM]; p=0.50). 
Seroconversion rates were nonsignificantly higher in healthy than in high-
risk children during >6-12 months (2.1 vs. 0.6/100 PM; p=0.26), >18-24 
months (3.1 vs. 2.7/100 PM; p=0.86) and >24-30 months (7.3 vs. 2.4/100 
PM; p=0.36) periods. The rates were nonsignificantly lower in healthy 
than in high-risk children during >12-18 months period (3.0 vs. 4.0/100 
PM; p=0.65). Six (37%) healthy and one (9%) high-risk children who 
seroconverted reported no respiratory symptoms within 1 month before 
seroconversion. Influenza seroconversion within the first 2 years of life was 
detected. There was no difference in the rates of seroconversion between 
high-risk and healthy children; however, the sample size was small. 
Asymptomatic infection was observed.
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RAPID DETECTION OF ALL KNOWN EBOLA VIRUS SPECIES 
BY REVERSE TRANSCRIPTION LOOP MEDIATED ISOTHERMAL 
AMPLIFICATION (RT-LAMP) ASSAYS

Olamide K. Oloniniyi, Yohei Kurosaki, Jiro Yasuda
Institute of Tropical Medicine, Nagasaki University, Nagasaki, Japan

Ebola virus disease (EVD) is a highly virulent infectious disease caused by 
Ebola virus and with a case fatality rate ranging from 25-90%. Since 
the first outbreak in 1976, EVD has been characterized by sporadic 
outbreaks in different parts of Africa with the current outbreak in West 
Africa being the latest. Limitation of spread of outbreaks therefore relies 
on accurate diagnosis and quarantine of cases. Reverse transcription-loop 
mediated isothermal amplification (RT-LAMP) is a nucleic acid amplification 
method which amplifies nucleic material using DNA polymerase with 
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strand displacement activity under isothermal conditions. Five sets of six 
oligonucleotide primers were designed for specific identification of each 
of the five species of Ebolavirus using PrimerExplorerV4, a LAMP primer 
design software. The limits of detection of the Ebolavirus species-specific 
primer sets were evaluated using in vitro transcribed RNAs. Comparison 
between each Ebolavirus species-specific RT-LAMP assays and RT-PCR and 
qRT-PCR was done using viral RNA of each species. The lowest detection 
limit of species-specific RT-LAMP assays for Zaire (EBOV), Sudan (SUDV), 
Tai Forest (TAFV), and Reston (RESTV) ebolavirus was 410, 320, 140, or 62 
copies/reaction, respectively, and the detection time (measured in minutes 
and given as a mean ± standard deviation of 3 different experiments) 
for each of the species-specific RT-LAMP assays was 16.8 ± 1.2, 13.9 
± 0.9, 16.5 ± 1.4, or 19.0 ± 1.1, respectively. EBOV species specific RT-
LAMP assay had a better sensitivity than qRT-PCR using ENZ-FP, ENZ-RP, 
and ENZ-P, while it had a similar sensitivity with qRT-PCR using enp-F, 
enp-R, and enp-P. EBOV RT-LAMP assay was also more sensitive than the 
nested RT-PCR assay by a factor of 10. SUDV RT-LAMP assay had a similar 
sensitivity with qRT-PCR. TAFV and RESTV RT-LAMP assays were more 
sensitive than the conventional RT-PCR assay by a factor of 100 and 10, 
respectively. Ebolavirus species-specific RT-LAMP assays show promise and 
could become an important diagnostic tool for the detection of EVD.
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BOOSTING THE NOVEL EBOLA VACCINE CANDIDATE CHAD-
EBOV Z WITH MODIFIED VACCINIA VIRUS ANKARA (MVA) 
SIGNIFICANTLY ENHANCES EBOLA-SPECIFIC ANTIBODY 
RESPONSES

Georgina Bowyer1, Katie Ewer1, Thomas Rampling1, Danny 
Wright1, Egeruan B. Imoukuhede1, Ruth Payne1, Navin 
Venkatraman1, Verena Krähling2, Daphne A. Stanley3, Nancy J. 
Sullivan3, Julie E. Ledgerwood3, Thomas Strecker2, Sarah Katharina 
Fehling2, Nadine Biedenkopf4, Stephan Becker4, Barney Graham3, 
W. Ripley Ballou5, Sarah C. Gilbert1, Adrian V. Hill1
1The Jenner Institute and Centre for Clinical Vaccinology and Tropical 
Medicine, University of Oxford, Oxford, United Kingdom, 2Institute 
of Virology, Philipps University Marburg, Marburg, Germany, 3Vaccine 
Research Center, National Institute of Allergy and Infectious Diseases, 
National Institutes of Health, Bethesda, MD, United States, 4Institute of 
Virology, Philipps University Marburg and German Centre for Infection 
Research (DZIF), Marburg, Germany, 5GlaxoSmithKline Biologicals, 
Rixensart, Belgium

The ongoing Ebola virus outbreak in West Africa is the largest and 
most complicated to date with over 23,000 cases and almost 10,000 
deaths. There are currently no licensed vaccines for Ebola, although 
several candidates are in clinical trials. Despite falling incidences, an 
effective vaccine may still be necessary to contain the current Ebola 
outbreak and would be a significant component of the response effort 
to future outbreaks. The viral vector vaccine Chimpanzee Adenovirus 
3 (ChAd3) encoding Zaire Ebolavirus surface glycoprotein (EBOV GP) 
has shown efficacy in non-human primate studies and was selected 
for rapid assessment in clinical trials. We previously conducted a Phase 
1 clinical study of this vaccine in 60 healthy UK adults to assess safety 
and immunogenicity. The single-dose vaccine induced only moderate 
anti-EBOV GP antibody titres that were significantly lower than those 
previously seen in protected macaques. We conducted a Phase 1 clinical 
trial to assess the impact of a heterologous viral vector boost on the 
immune response primed with ChAd3-EBOV Z. In this study 30 individuals 
were boosted with an MVA encoding Zaire GP and 3 additional filovirus 
antigens. Anti-EBOV GP titres peaked 2 weeks post-boost with geomean 
titres 7-fold higher than the peak post-prime. This is around the level 
that was previously shown to be protective in macaques after vaccination 
with rAd5 expressing Ebola Glycoprotein. At 2 weeks post-boost 100% 
of individuals had neutralising titres against the Mayinga strain of 
Ebola, compared to just 43% at the peak post-prime. Ebola-specific 
antibody titres and neutralising activity induced by ChAd3-EBOV Z can 
be significantly enhanced by boosting with a heterologous viral vector 

vaccine. Assessments of these vaccines are ongoing and a large-scale 
efficacy trial of this prime-boost regimen is planned to begin in West Africa 
shortly.

181
EVALUATION AND INTRODUCTION OF REAL TIME PCR NEW 
ASSAYS FOR THE DIAGNOSTIC AND SURVEILLANCE OF 
HUMAN RESPIRATORY VIRUS

María K. Martínez1, Alexander Piñón2, Belsy Acosta2, Odalys 
Valdés2, Mayra Muné2, Clara Savón2, Amely Arencibia2, Grehete 
González2, Suset Oropesa2

1Faculty of Biology, Havana, Cuba, 2Tropical Medicine Institute “Pedro 
Kourí”, Havana, Cuba

This study proposed the evaluation of four multiplex real time PCR for 
the diagnosis of 15 human respiratory viruses causing acute respiratory 
infection, as well as the introduction of the optimized system for the 
diagnosis and laboratory surveillance. For the optimization of multiplex 
real time PCR 352 nasopharyngeal swabs from July-August 2013 were 
used, multiplex RT-PCR was used as ¨gold standard¨ technique. Sensitivity, 
specificity, positive and negative predictive values and kappa index of 
multiplex real time PCR was determined. Efficiency of simple and multiplex 
real time PCR was calculated by calibration curve and slope determination. 
In addition, laboratory diagnosis in the period September 2013 to May 
2014 with the optimized multiplex real time PCR was performed. Of 
the total of samples processed for optimization, 162 were positive by 
multiplex real time PCR and 112 by gold standard technique. Sensitivity, 
specificity, positive predictive value, negative predictive value and average 
kappa of the evaluation assays was 100%, 98.4%, 67%, 100% and 
0.8, respectively. Furthermore, efficiency values for multiplex real time 
PCR systems were in the range 90.30 % to 103.09 % similar to those 
obtained by the simple system. Introduction of optimized assays allowed 
the detection of 1290 clinical samples positive for respiratory viruses, with 
the highest positivity percentage for human respiratory syncytial virus, 
47.83%. In summary, multiplex real time PCR was more sensitive than 
multiplex RT-PCR and the efficiency values were similar to the simple real 
time PCR. These optimized systems allowed to update the algorithm for 
the diagnosis and surveillance of respiratory viruses in Cuba.

182
IMPACT ON IMMUNOGENICITY OF VARYING THE INTERVAL 
BETWEEN THE PRIME AND BOOST OF A CANDIDATE EBOLA 
VACCINE CHAD3-EBO Z AND MVA-BN FILO IN HEALTHY UK 
ADULTS

Danny Wright1, Katie Ewer1, Thomas Rampling1, Georgina 
Bowyer1, Egeruan Imoukuhede1, Ruth Payne1, Navin 
Venkatraman1, Nancy Sullivan2, Julie Ledgerwood2, Barney 
Graham2, W. Ripley Ballou3, Sarah Gilbert1, Adrian Hill1
1Jenner Institute, Oxford, United Kingdom, 2Vaccine Research Center, 
National Institute of Allergy and Infectious Diseases, National Institutes 
of Health, Bethesda, MD, United States, 3GlaxoSmithKline Biologicals, 
Rixensart, Belgium

The current Ebola epidemic is the largest in history, resulting in more 
deaths than all previous outbreaks combined. Development of an effective 
vaccine would maximise safety of those at greatest risk of disease 
during outbreaks. A leading candidate vaccine strategy currently under 
development involves heterologous prime-boost immunisation with a 
chimpanzee Adenovirus (ChAd3) followed by a Modified Vaccinia Ankara 
virus (MVA), both containing a Zaire strain of the Ebola glycoprotein. 
Previous trials with viral vectored malaria vaccines have been administered 
in a prime-boost sequence with an interval of between 4 and 8 weeks, 
and resulted in very high T cell responses in addition to moderate antibody 
levels. There is no previous data showing the effect on T cell or antibody 
immunogenicity of reducing this interval between prime and boost 
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vaccinations to less than 4 weeks. We undertook a phase I study to assess 
the safety and immunogenicity of such a vaccination strategy involving 
healthy adults in the UK. 62 volunteers received ChAd3 followed by 
MVA, both containing a Zaire strain of the Ebola glycoprotein, at intervals 
between 1-10 weeks. IFN-γ production by T-cells was measured by ELISpot 
at various points throughout the trial. Intracellular cytokine staining was 
used to determine the relative proportions of CD4+ and CD8+ T-cells 
secreting IL-2, IFN-γ and/or TNFα in response to peptide stimulation. 
IgG responses were also measured by ELISA. While this trial is ongoing, 
preliminary data showed that a shorter interval was associated with an 
enhanced T-cell response, while there was no significant difference in 
antibody levels.

183
EFFECTIVENESS OF A BRIEF, INTENSIVE, PHYLOGENETICS-
FOCUSED, BIOINFORMATICS WORKSHOP IN A MIDDLE 
INCOME COUNTRY

Simon Pollett1, Mariana Leguia1, Martha I. Nelson2, Irina 
Maljkovic Berry3, George Rutherford4, Daniel G. Bausch1, Matthew 
Kasper5, Rick Jarman3, Melanie Melendrez3

1U.S. Naval Medical Research Unit-6, Lima, Peru, 2Fogarty International 
Center, Bethesda, MD, United States, 3Walter Reed Army Institute of 
Research, Silver Spring, MD, United States, 4University of California San 
Francisco, San Francisco, CA, United States, 5Global Emerging Infections 
Surveillance and Response System, Silver Spring, MD, United States

There is an increasing role for bioinformatic and phylogenetic applications 
in tropical medicine research. However, scientists often lack training to 
utilize these methods, with a paucity of accessible courses available in 
this field. To help address this training gap, we offered a brief, intensive 
bioinformatics workshop in Lima, Peru, in January 2015. To improve future 
workshops, we objectively measured participants’ baseline knowledge 
in pathogen-applied bioinformatics and assessed workshop efficacy in 
improving such knowledge. We also sought to identify baseline and 
residual bioinformatic training needs. A 20-point written questionnaire 
was administered to all participants at the beginning and end of the five-
day hands-on workshop covering knowledge domains of sequence quality 
control, alignment/formatting database retrieval, models of nucleotide 
evolution, sequence statistics, tree building, and results interpretation. 
Changes in median questionnaire scores and associations of score 
changes with previous bioinformatic experience were analysed using non-
parametric tests. All 21 workshop participants were Peruvian and 52% had 
prior phylogenetic analysis experience. The mean years of scientific work/
training were 4.9 (SD 3.4). Models of evolution/tree-building methods was 
the lowest scoring domain at baseline (median score 1/5, 20%) and after 
the workshop (median score 3/5, 60%). The greatest score gains were in 
results interpretation and models of evolution/tree-building methods (p 
<0.001). There was considerable median gain in total knowledge scores 
(increase of 30%, 6 point gain, p < 0.001) with gains as high as 55% 
(11 point gain). Higher baseline median scores were seen in those with 
previous phylogenetic experience as compared to those without (p = 0.04). 
Despite the small sample size, the knowledge gained from the workshop 
was sufficiently large to be detected in this study. An intensive five-day 
workshop model appears to be effective in improving pathogen-applied 
bioinformatics knowledge of scientists working in a middle income country 
setting.
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STUDY THE EFFECTS OF INFLUENZA VACCINATION ON 
CHILDREN IN THAILAND BY USING NEXT GENERATION 
SEQUENCING

Wudtichai Manasatienkij1, Wiriya Rutvisuttinunt1, Piyawan 
Chinnawirotpaisan1, Piraya Bhoomiboonchoo1, Sriluck 
Simasathien2, In-Kyu Yoon1, Chonticha Klungthong1, Stefan 
Fernandez1
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Influenza vaccination has been practiced to prevent seasonal influenza 
infections in high risk groups including children and elderly. The effects of 
the influenza vaccines in the influenza virus (IFV) subpopulations have not 
yet well understood. Nasopharyngeal swaps collected from 18 children 
diagnosed with influenza infections by serology and molecular assays (with 
and without vaccination) were collected: 6 cases of influenza A H3N2, 
6 cases of influenza A pdm H1N1/09 and 6 cases of influenza B. High-
throughput sequencing was utilized to study the IFV subpopulations. A 
total of 22.3 millions of passed-filter sequence reads were identified IFV. 
Approximately 80.3%-95.9% had ≥Q30 quality score. Diverse depth of 
coverage (DOC) was observed with sequence alignment analysis against 
their corresponding influenza reference strains: A/California/07/2009, 
B/Wisconsin/01/2010 and B/Brisbane/11/2010. The DOC is found to 
be parallel to the amount of the IFV in the specimens. The nucleotide 
heterogeneity (measured numbers of variances or numbers of mixed 
bases in the genome), is utilized to determine population diversity. Nearly 
all genomic fragments of the 18 clinical specimens contain variances 
compared to the vaccine reference strains. Slightly less nucleotide 
heterogeneity were observed in the vaccinated group compared to the 
unvaccinated group for influenza A H3N2 infection (DOC = 13.4-1191.7). 
On the contrary, the breakthrough influenza A pdm H1N1/09 and 
influenza B infections contains less DOC that nucleotide heterogeneity 
cannot be determined.
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DESCRIPTIVE EPIDEMIOLOGY OF THE EBOLA VIRUS DISEASE 
OUTBREAK IN NIGERIA, JULY TO SEPTEMBER 2014

Elizabeth B. Adedire1, Akinola Fatiregun2, Adebola Olayinka1, 
Kabir Sabitu3, Patrick Nguku1

1Nigerian Field Epidemiology and Laboratory Training Program, Abuja, 
Nigeria, 2Department of Epidemiology and Medical Statistics, University 
College Hospital, Ibadan, Nigeria, 3Department of Community Medicine, 
Ahmadu Bello University, Zaria, Nigeria

The current epidemic of Ebola virus disease (EVD) was first reported in 
March 2014 in West Africa which is the largest ever reported globally. 
Nigeria had its first imported case on the 23rd of July 2014; we 
investigated and described the epidemiological profile of this outbreak that 
affected two megacities in the Nigeria in terms of person, place and time 
characteristics of the cases identified. Using field investigation techniques, 
cases were identified through contact tracing, line-listed and described. 
We adopted the WHO case definitions for EVD. A suspected case was 
defined as any person with axillary temperature ≥38oC, who has visited 
an affected area within past 21days or has had contact with a confirmed 
or probable case and has two or more cardinal symptoms of EVD. A 
confirmed case was a suspected case with positive reverse transcription 
(RT)-PCR laboratory result and a probable case was a suspected case 
evaluated by a clinician or any deceased suspected case with an 
epidemiological link with a confirmed EVD case. A total of 20 cases were 
identified (19 laboratory-confirmed Ebola cases and one probable case); 
16 (80%) in Lagos State and 4 (20%) in Rivers State. The mean age of 
cases was 39.5±12.4 years with over 75% within the age group 20-
39 years. There were more females 11 (55%) than males 9 (45%). The 
most frequent exposure type was direct physical contact 14 (73.7%) and 
median incubation period was 11days. The overall case-fatality ratio (CFR) 
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was 40%; CFR was higher among healthcare workers (46%) compared 
with non-healthcare workers (22%). The epidemic curve initially shows a 
typical common source, followed by a propagated pattern and duration of 
epidemics was 43 days. Investigation revealed the size and spread of the 
outbreak and provided information on the characteristics of persons, time 
and place. Enhanced surveillance measures, including contact tracing and 
follow-up proved very useful in early case detection and containment of 
the outbreak.

186
CONTRIBUTION OF LOCAL COMMUNITY MEMBERS IN THE 
DETECTION OF NEW PATHOGENS OF ZOONOTIC POTENTIAL 
IN THE DEMOCRATIC REPUBLIC OF CONGO

Prime M. Mulembakani1, Placide Kingebeni Mbala1, Ipos Lukusa 
Ngay1, Joseph Losoma Atibu2, Brad Schneider1, Corina Monagin1, 
Maria Makuwa1, Emile Wemakoy Okitolonda2, Jean-Jacques 
Tamfum Muyembe3

1Metabiota Inc., San Francisco, CA, United States, 2Kinshasa School of 
Public Health, Kinshasa, Democratic Republic of the Congo, 3Institut 
National de Recherche Biomedicale, Kinshasa, Democratic Republic of the 
Congo

In the past decade, 60 % of emerging infectious disease (EID) events were 
zoonosis and of those 72% of the pathogens involved were of wildlife 
origin. Activities like subsistence hunting, butchering and trading of wild 
animals are key factors for the risk of zoonotic infections in humans. The 
United States of America Aid for International Development (United States 
Agency for International Development) Emerging Pandemic Threat (EPT) 
PREDICT project, in collaboration with the “Institut National de Recherche 
Biomedicale” and the Kinshasa School of Public Health, implemented 
a surveillance system for zoonotic pathogens at the Human-Wildlife 
interface in geographic hot spots. Local community members, especially 
hunters were recruited, sensitized and trained in prevention technics of 
zoonosis. They participated to the surveillance effort by collecting dry 
blood spots (DBS) from wild hunted animals, under the supervision of 
trained field staffs. From December 2010 to September 2012, a total of 
14,779 samples were collected from wild animals under the PREDICT 
project. Of these samples, hunters and other community members 
collected 5,395 (36,5%) on DBS. From those DBS, 285 tested positive 
for known or new viral pathogens of zoonotic potential using PREDICT 
protocols. Community members who participated to the PREDICT project 
collected good quality samples that were used to identify known and 
new zoonotic pathogens. Their inclusion on a national base can improve 
disease surveillance for EID.

187
RAPID DIAGNOSIS AND FIRST CHARACTERIZATION OF 
THE VIRUSES RESPONSIBLE FOR THE 2014 EBOLA VIRUSES 
OUTBREAK IN THE DEMOCRATIC REPUBLIC OF CONGO

Placide Kingebeni Mbala1, Ipos Lukusa Ngay1, Maria Makuwa1, 
Corina Monagin2, Damien Joly2, Charles Chiu3, Jean-Jacques 
Muyembe4, Prime Mulembakani1, Bradley S. Schneider2

1INRB/METABIOTA, Kinshasa, Democratic Republic of the Congo, 
2Metabiota, San Francisco, CA, United States, 3University of California San 
Francisco, San Francisco, CA, United States, 4Institut National de Recherche 
Biomédicale, Kinshasa, Democratic Republic of the Congo

Following a request from the Ministry of Health (MoH), we made a 
rapid diagnosis of the etiologic agent responsible for an outbreak of 
hemorrhagic fever in Boendé, within the Equateur Province of DRC. On 11 
August 2014, a woman died in Ikanamongo village following symptoms 
of hemorrhagic fever. On the following day, additional suspected cases 
were reported in nearby villages. Epidemics caused by Ebola virus often 
occur following contact with a sick or dead animal. Congruently, the 
putative index case had butchered a wild animal of unknown species. 
Blood samples from the first 8 subjects, individuals who had close contact 

with the index case, were collected and transported to the INRB laboratory 
by a MoH team on August 22nd. The presence of the Zaire Ebola virus 
was confirmed in these specimens by conventional PCR that amplifies a 
550 bp section of the filovirus L-gene. Analysis of the sequences obtained 
confirmed that the outbreak in DRC was caused by a different strain of the 
Ebola virus than is associated with the large outbreak in West Africa, and 
thus these concurrent outbreaks are derived from independent origins. 
Subsequent next generation sequencing of the patient specimens enable 
full-genome sequencing of two isolates and nearly full-genome sequence 
of a third. All sequences were immediately publically released via Genbank 
and ProMED. The swift laboratory diagnosis allowed the DRC government 
to implement effective control measures, including quarantines, 
installation of mobile diagnostic laboratory, intensive monitoring of cases, 
and contact tracing, which prevented a broader geographic spread of the 
outbreak and led to its relatively rapid conclusion.

188
NOVEL VIRUSES DETECTED IN ANOPHELES GAMBIAE IN 
WEST AFRICA

Joseph R. Fauver
Colorado State University, Fort Collins, CO, United States

Adult bloodfed Anopheles gambiae mosquitoes were collected during 
a field study conducted in West Africa in order to monitor pathogens 
infecting humans in the area. Mosquitoes were pooled and RNA-Seq was 
performed. Within the data set two putative insect specific viruses new 
to Anopheles gambiae were discovered: Phasi Cheron Like Virus (PCLV), 
a Phlebovirus originally described from Aedes  aegypti in Thailand, and 
a novel insect specific flavivirus, provisionally designated Anopheles 
flavivirus (AnFV). In this study we report genetic characterization of these 
viruses. In particular we (1) compared the reads to PCLV in our dataset 
to the published genome, (2) assembled the AnFV genome, and (3) 
reconstructed phylogenies of both viruses. In addition, we determined the 
field prevalence of both viruses. We also discovered what appears to be a 
new virus in the order Mononegavirales. Our data demonstrated that PCLV 
from Anopheles is genetically similar to the previously published genome, 
and has a relatively low field prevalence in our study area. Also, AnFV 
forms a new clade within insect specific flaviviruses and has a similar field 
prevalence to other insect specific flaviviruses. The results of this study add 
knowledge to the understudied field of insect specific viruses, including 
the first Anopheles specific flavivirus.

189
POTENTIAL DISTRIBUTION OF EBOLA, MARBURG, AND 
LASSA VIRUSES IN AFRICA

Abdallah M. Samy1, Arwa Elaagip2, Ahmed Abd El Wahed3

1Faculty of Science, Ain Shams University, Abbassia, Cairo, Egypt and 
Biodiversity Institute and Department of Ecology and Evolutionary Biology, 
University of Kansas, Lawrence, Kansas, United States, 2Department of 
Parasitology and Medical Entomology, Faculty of Medical Laboratory 
Sciences, University of Khartoum, Sudan, 3Unit of Infection Models, 
German Primate Centre, Goettingen, Germany

Numerous recent studies have illuminated the current distribution of Ebola, 
Marburg, and Lassa viruses. Hitherto, the potential distributions of key 
reservoir species have not been incorporated integrally into the efforts 
of the risk mapping of these deadly viruses. With the most complex and 
worse outbreaks in West Africa, it became highly desirable to understand 
the current and future surprises of the distribution of these viruses in 
Africa. This will shed the lights to the future strategy for both diagnostic 
and control programs. Here, we identified the potential distribution of 
the three viruses, and tested their niche equivalence based on time-
specific data from the NASA’s Terra Satellite. We also provided the rich 
maps for the regions where two or more of these viruses occur. These 
rich maps were based on the maximum entropy approach that estimate 
the probability of virus or animal reservoir occurrences from independent 
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disease events as well as environmental and demographic factors. All 
maps was hosted as digital rich pictures into mobile system to be accessed 
by researchers and health professionals in the field. This study took the 
advantage of including time-specific data for both the recent outbreaks 
in West Africa and the environmental factors. Our results assess the most 
recent situation of the distribution of hemorrhagic fever viruses, and offer 
the possibility to be translated into action in the national and international 
control programs of hemorrhagic fevers in Africa.

190
ROBUST EXPRESSION OF EARLY INNATE IMMUNITY 
IMMUNITY GENES IN DROMEDARY CAMEL PLASMACYTOID 
DENDRITIC CELLS

Ashley Malmlov1, Vincent Munster2, Sandra Quackenbush1, Tony 
Schountz1

1Colorado State University, Fort Collins, CO, United States, 2Rocky 
Mountain Laboratories, National Institute of Allergy and Infectious 
Diseases, Hamilton, MT, United States

Middle Eastern respiratory syndrome coronavirus (MERS-CoV) has caused 
more than 1000 confirmed cases of disease with a 36% fatality rate. 
In vitro studies demonstrated that MERS-CoV is sensitive to type I and 
type III interferons (IFN) and the virus down regulates the interferon 
response in human respiratory cells, suggesting that innate immunity 
plays a critical role in the outcome of infection. Plasmacytoid dendritic 
cells (pDC) produce high amounts of IFN in response to viral infection 
and are particularly important in controlling viral infections. Human 
DCs secrete large amounts of type I and type III IFN when cultured with 
MERS-CoV. Furthermore, while studies are conflicting, MERS-CoV does 
not appear to replicate in human DCs. Dromedary camels (Camelus 
dromedarius) are thought to be reservoir hosts of MERS-CoV. A large 
number of domesticated camels in the Middle East have antibody to 
the virus, suggesting a potential for spillover to humans. Experimental 
infection of camels with MERS-CoV showed that camels were susceptible 
to MERS-CoV infection with subclinical to mild disease that is confined to 
the upper respiratory tract, including regional lymph nodes. We sought 
to characterize the innate immune response to MERS-CoV in camel pDCs 
to delineate differences between humans and camels. Flt3L-derived pDCs 
were established from camel bone marrow and cultured with MERS-
CoV. No virus replication occurred and the cells remained healthy upon 
microscopic examination. Many genes involved in viral sensing were 
elevated after 8 hours of exposure to MERS-CoV, including TLR7, STAT1, 
MDA5, RIG-I, IKKE and TBK1. Expression of genes late in the IFN signaling 
pathway appeared less sensitive to MERS-CoV, or viral accessory proteins 
inhibit their expression. TNF expression was substantially elevated at 2 and 
8 hours; however, it had subsided by 24 hours. These data indicate that 
camel pDCs are responsive to MERS-CoV, are not productively infected, 
and may control virus early after cellular entry.

191
PREVALENCE OF THE RUBELLA IN CHILDREN FROM SIX 
MONTHS TO FIVE YEARS IN DEMOCRATIC REPUBLIC OF THE 
CONGO

Patrick K. Mukadi
National Institute for Biomedical Research, Kinshasa, Democratic Republic 
of the Congo

Background Rubella can be a very contagious and severe disease for the 
fetus, but preventable by a safe and effective vaccine. Epidemiological data 
based on measles laboratory surveillance introduced by the DRC Ministry 
of Health confirm circulation of rubella virus in Democratic Republic of 
Congo. Furthermore, studies among pregnant woman in Kinshasa found 
circulation of the virus in 90 % of screened women, however no study has 
estimated virus circulation among children at the national level. To date, 
the Expanded Programme of Immunization (EPI) has not yet introduced the 
rubella vaccine in the routine immunization schedule. During the second 

Demographic and Health Survey (DHS) held by the government in 2013, a 
serological evaluation of exposure to Rubella virus was conducted among 
children 6 months to 5 years old. Material and methods A total of 8,116 
of dried blood spots were collected during the second DHS from 540 
locations in DRC and forwarded to University of California Los Angeles-
DRC Research program Laboratory located at the National Institute of 
Biomedical research (INRB) in Kinshasa. Serologic testing was made by 
ELISA technique using Dynex M2 Multiplex rubella IgG detection. Results 
Overall prevalence was 34.4 %. However, we observed a progression of 
prevalence within age groups; 14% among children 6 to 8 months and 
47.6% among children 48 months to 59 months. Conclusions: Current 
data support circulation of Rubella virus in the whole country with an 
increase of exposure with the age. In DRC, there is has need to re-evaluate 
immunization strategies for introduction of Rubella Vaccine in Routine 
Immunization.

192
RIFT VALLEY FEVER EMERGENCE OF UNPRECEDENT 
MAGNITUDE IN SENEGAL IN 2013-2014

Abdourahmane Sow1, Ousmane Faye1, Yamar Ba2, Diawo 
Diallo2, Gamou Fall1, Cheikh Loucoubar1, Vincent Richard3, Denis 
Malvy4, Anta Tal Dia5, Mawlouth Diallo2, Amadou Alpha Sall1
1Arbovirus and Viral Hemorrhagic Fevers Unit, Institut Pasteur de Dakar, 
Dakar, Senegal, 2Medical Entomology Unit, Institut Pasteur de Dakar, 
Dakar, Senegal, 3Epidemiology of Infectious diseases Unit, Institut Pasteur 
de Dakar, Dakar, Senegal, 4Institut de Santé Publique d’Epidémiologie et 
de Développement, Centre de recherche INSERM U897 Epidémiologie-
Biostatistique, Bordeaux, France, 5Institut Santé et développement, 
Université Cheikh Anta Diop, Dakar, Senegal

Rift Valley fever (RVF) is an acute viral anthropozoonosis causing 
epizootics/epidemics associated with high toll of morbidity and 
mortality among human and livestock populations in Africa. In Senegal, 
RVFV has been repeatedly detected among humans, livestock, and 
mosquitoes especially in the Northern and the Southern regions. In 
2013, multiple RVFV epizootics foci and 5 RVF human confirmed cases 
were identified countrywide including in the capital city. This paper 
reports multidisciplinary field investigations and laboratory findings of 
this outbreak. Human suspected cases and their contacts, ruminants 
and arthropods in contact with confirmed and/or suspected cases 
were sampled in affected areas including Linguere (Northern), Mbour 
(Central) and Kedougou (SouthEastern) regions. Human and animal sera 
were tested by ELISA (IgM, IgG) and RT-PCR for RVFV. Mosquitoes were 
sorted in monospecific pools and tested for RVFV RT-PCR detection and 
isolation. During the human investigation, 535 patients were sampled 
from which 2.05% (11/535) were tested positive for RVFV (10 IgM, 1 
RT-PCR) including 8 in Mbour, 2 in Kedougou and 1 in Linguere and 
4.48%(24/535) had evidence of RVFV past infection (IgG). In term of 
clinic signs, it was the first time that RVF severe case with encephalitis 
and retinitis notified in Senegal. Fifty two animals (12.06%) were tested 
positive by RT-PCR for RVFV only in Northern regions. Although no 
animal’s evidence of RVFV recent infection was found in Central and 
SouthEastern regions, IgG antibodies were significantly higher in Mbour 
(75%) than in Kedougou (25.8%)(p<0.0001). Concerning entomologic 
investigation, 645 arthropods were collected and RVF was detected in 
one pool of mosquitoes in Linguere. Phylogenetic analyses showed that 
the strains from human and mosquito clustered together. In conclueion, it 
was the largest spreading of RVFV touching urbanized areas including the 
capital city. Regarding the potential risk of reemergence through familial 
breeding, RVF surveillance should be implemented in order to provide 
promptly suitable and effective preventing and control measures.
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193
RAPID AND SENSITIVE DETECTION OF BAT INFLUENZA 
VIRUSES BY REAL TIME RT-PCR ASSAYS

Krista Queen, Yan Li, Kui Yang, Clinton Paden, Ruben O. Donis, 
Suxiang Tong
Centers for Disease Control and Prevention, Atlanta, GA, United States

Influenza viruses are important human and livestock pathogens and 
new reassortants of zoonotic origin have potential to cause pandemics. 
Aquatic birds harbor diverse influenza A viruses and are recognized as 
major influenza virus reservoirs in nature. However the recent discovery 
of influenza viruses of a new H17N10 subtype in Guatemalan fruit bats 
and a new H18N11 subtype in Peruvian fruit bats, along with preliminary 
seroprevalence studies suggest that New World bats may carry divergent 
influenza viruses and could be an unrecognized reservoir in nature. To 
understand how influenza viruses are maintained in bat populations, 
systematic and global prevalence studies using more sensitive and efficient 
screening methods are needed. In this study, we developed two real time 
RT-PCRs targeting conserved regions within the NS and M gene segments 
of known bat influenza viruses to enable sensitive and efficient detection 
from bat clinical samples. These assays are simple, rapid and at least 4X 
more sensitive for detection of bat influenza viruses compared to the 
generic pan-flu PCR used previously. These assays were used to screen 
collections of bat swabs previously screened. A total of 803 rectal and 95 
oral swabs from Guatemala (2009-2011) and Peru (2010) were tested 
by generic pan-flu PCR and rescreened with the bat influenza M and NS 
real time RT-PCRs. In addition to the previously tested flu-positive bat 
samples, one additional rectal swab sample (Carollia perspicillata) from 
Guatemala (2010) was positive for bat influenza virus by real time PCRs, 
but missed by generic flu PCR. Full genome sequencing was performed by 
Sanger and NGS methods. Phylogenetic analysis showed that this latest 
bat flu virus is more closely related to H18N11 (82.5%-96.3% nt identity 
to 8 orf segments of A/bat/Peru/10) rather than to H17N10 (53.5%-
81.0% nt identity to 8 orf segments of A/bat/Guat/09). These new assays 
provide a rapid and sensitive tool to screen bat populations to better 
understand the ecology and evolution of bat influenza viruses.

194
ERYTHROCYTE INVASION MECHANISMS OF PLASMODIUM 
FALCIPARUM CLINICAL ISOLATES FROM THREE ENDEMIC 
AREAS IN GHANA

Henrietta E. Mensah-Brown1, Nicholas Amoako2, James 
Abugri1, Lindsay B. Stewart3, Godfred Agongo4, Emmanuel K. 
Dickson5, Michael F. Ofori5, Jose A. Stoute6, David J. Conway3, 
Gordon A. Awandare1

1West African Centre for Cell Biology of Infectious Pathogens, University 
of Ghana, Accra, Ghana, 2Kintampo Health Research Centre, Kintampo, 
Ghana, 3London School of Hygiene & Tropical Medicine, London, United 
Kingdom, 4Navrongo Health Research Centre, Navrongo, Ghana, 5Noguchi 
Memorial Institute for Medical Research, Accra, Ghana, 6Department of 
Medicine, Pennsylvania State University College of Medicine, Hershey, PA, 
United States

Plasmodium falciparum invades human erythrocytes using an array of 
ligands which interact with several receptors including sialic acid (SA), 
complement receptor 1 (CR1) and basigin. Naturally acquired immunity 
against several blood stage ligands have been shown to effectively block 
invasion and parasite growth in vitro, making these antigens potential 
vaccine candidates. Based on this, we hypothesized that in malaria-
endemic areas, parasites vary invasion pathways under immune pressure. 
Furthermore, parasites from areas with varying endemicity would differ in 
the receptor-ligand interactions used for erythrocyte invasion. Therefore, 
invasion mechanisms of clinical isolates collected from three zones of 
Ghana with different levels of endemicity (Accra<Navrongo<Kintampo) 
were compared using standardized methods. Blood samples were collected 
from children aged 2-14 years diagnosed with malaria. Erythrocyte 

invasion phenotypes were determined using enzymes, which selectively 
cleave receptors from the erythrocyte surface. In addition, antibodies 
against CR1 and basigin were used to determine the contributions of 
these receptors to invasion. Gene expression levels of P. falciparum 
invasion ligands were compared against parasitemia levels and age. The 
parasites generally expressed SA-independent invasion phenotypes across 
the endemic areas, with parasites from Kintampo showing the highest 
invasion rates in neuraminidase-treated erythrocytes. CR1 was a major 
mediator of SA-independent invasion while basigin was essential for both 
SA-dependent and SA-independent invasion mechanisms. Relational 
analyses between ligand gene expression levels with age and parasitemia 
of donors at enrolment showed that PfRh5 had the strongest correlation 
with parasitemia. In conclusion, erythrocyte invasion phenotypes expressed 
by P. falciparum are influenced by endemicity levels. The PfRh5-basigin 
pathway is a potential vaccine target.

195
THE ENDOTHELIAL PROTEIN C RECEPTOR (EPCR) RS867186-
GG GENOTYPE IS ASSOCIATED WITH INCREASED LEVELS 
OF SOLUBLE EPCR AND PROTECTION FROM CEREBRAL 
MALARIA IN UGANDAN CHILDREN

Estela Shabani1, Robert O. Opoka2, Paul Bangirana2, Gregory S. 
Park3, Gregory M. Vercellotti3, Chandy C. John4

1University of Minnesota and Indiana University, Indianapolis, IN, United 
States, 2Makerere University, Kampala, Uganda, 3University of Minnesota, 
Minneapolis, MN, United States, 4Indiana University, Indianapolis, IN, 
United States

Endothelial protein C receptor (EPCR) expression on brain microvasculature 
endothelium may be an important determinant of disease severity in 
malaria. Plasma soluble EPCR (sEPCR) levels are higher in individuals with 
the rs867186-G allele, and in Thai adults the rs867186-GG genotype 
was associated with protection from severe malaria. In the present 
study, we performed rs867186 genotyping in Ugandan children with 
cerebral malaria (CM, n=326), severe malarial anemia (SMA, n=227), 
uncomplicated malaria (UM, n=71) and healthy community children who 
lived in the same extended household or neighborhood as children with 
CM or SMA but had no history of CM or SMA and did not develop either 
during 12-month follow-up (CC, n=262). Plasma and CSF sEPCR levels 
were assessed in children with adequate sample volume (Asserachrom® 
sEPCR immunoassay). The rs867186-GG genotype was more common 
in CC (3.0%) than CM (0.3%, p=0.007). The presence of rs867186-G 
was associated with increased plasma sEPCR levels in each disease group 
(p<0.0001 for all). Plasma sEPCR levels were significantly higher in CC or 
UM than in CM or SMA (p<0.0001 for trend). In children with CM, plasma 
sEPCR correlated positively with TNF-α (p=0.02) and parasite biomass 
(Plasmodium falciparum histidine-rich protein-2 level, p=0.006) but not 
IL-1β or IFN-γ. Plasma sEPCR levels were not associated with differences 
in mortality or neurocognitive morbidity. CSF sEPCR levels were elevated 
in children with CM as compared to North American controls (p<0.0001), 
but were not associated with mortality or morbidity. In Ugandan children, 
the presence of rs867186-G correlates with increased plasma sEPCR levels, 
increased plasma sEPCR levels correlate with decreased malaria disease 
severity, and the rs867186-GG genotype is associated with protection 
from cerebral malaria. The results suggest that the rs867186-GG genotype 
may decrease risk of cerebral malaria in part through effects on bound and 
soluble EPCR.

196
A MODIFIED CONCEPT OF MALARIAL RELAPSE

Miles B. Markus
University of the Witwatersrand, Johannesburg, South Africa

The idea that the hypnozoite (a term coined by me decades ago) is 
the origin of relapse in Plasmodium vivax (and P. ovale) malaria, 
something for which there is as yet no formal proof, has become dogma. 
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For particular reasons which will be explained, it would be surprising 
to discover that hypnozoites are not the source of malarial relapse. 
Nevertheless, it is now apparent from various recent research findings that 
hypnozoites are not necessarily the origin of all relapse-like recurrences of 
malaria caused by P. vivax. We could be missing the elephant in the room; 
and indirect evidence from several publications will be provided to support 
this novel, genetically based concept that nonhypnozoite parasite stages 
might give rise to relapse-like, recurrent human malaria. Re-evaluation 
of the hypnozoite theory of relapse is timely because of the renewed 
focus on P. vivax and liver stages of Plasmodium. Hypnozoites have 
also assumed a new significance because they are seen as a threat to the 
current (post-2007) goal of eradicating malaria worldwide.

197
DEVELOPMENT OF SPLENOMEGALY DURING RODENT 
MALARIA BY MYELOID-RELATED PROTEIN (MRP)

Haruka Mizobuchi, Shoko Isokawa, Sachiko Yamakoshi, Chizu 
Sanjoba, Yoshitsugu Matsumoto, Yasuyuki Goto
The University of Tokyo, Tokyo, Japan

Splenomegaly is one of the typical symptoms of malaria. However, the 
pathogenesis of splenic enlargement still remains unclear. Myeloid-related 
protein (MRP) 8 and MRP14 are expressed by inflammatory macrophages 
and secreted upon activation. Previous studies have demonstrated that 
the accumulation of MRP-expressing macrophages is associated with 
the pathological changes in various inflammatory diseases. In order to 
elucidate whether MRP-expressing macrophages are also involved in 
splenomegaly during malaria, we investigated expression of MRP in 
the spleens of mice infected with Plasmodium berghei. Enlargement 
of the spleen was prominent on day 7 post-infection, and histological 
analyses of the spleens demonstrated deposition of malaria pigments 
and accumulation of macrophages. Immunohistochemical staining 
of the tissue revealed the accumulation of macrophages expressing 
MRP. In these infected mice, MRP levels in the plasma were higher 
than those of uninfected controls. In order to verify whether plasma 
MRP is involved in the splenomegaly during malaria, we intravenously 
administrated recombinant MRP8 and MRP14 to P. berghei-infected 
mice. The administration of MRP did not affect parasite number in the 
peripheral blood or hematocrit. On the other hand, the splenomegaly 
was exacerbated in MRP-treated mice, and their spleen weight increased 
significantly more than PBS-treated controls. Immunohistochemical 
staining of the spleen showed that more MRP-expressing macrophages 
accumulated in MRP-treated mice than PBS-treated controls after infection. 
Also, even in the absence of Plasmodium infection, administration of 
MRP could induce enlargement of spleen along with the accumulation 
of MRP-expressing macrophages in naïve mice. These data indicates that 
elevated MRP during malaria is one of the key molecules for development 
of splenomegaly.

198
LIVER FUNCTION TESTS IN PRESCHOOL NIGERIAN CHILDREN 
WITH SYMPTOMATIC UNCOMPLICATED PLASMODIUM 
FALCIPARUM INFECTION

Joshua Toochukwu Meremikwu, Friday A. Odey
University of Calabar, Calabar, Nigeria

Malaria remains the leading cause of childhood morbidity and mortality 
in Nigeria. The liver is involved in the pathophysiology of malaria, and 
severe falciparum malaria may affect liver function. In order to evaluate 
the status of liver function in uncomplicated malaria, the authors 
analysed baseline liver function test results of preschool children with 
parasitologically confirmed symptomatic uncomplicated Plasmodium 
falciparum infection. Study was conducted in Calabar in Southeast 
Nigeria, an area with perennial stable malaria transmission. Children aged 
6-59 months with fever were included if they had asexual P. falciparum 
parasite density ≥ 2000/mm3, no feature of severe malaria; and written 

parental confirmed consent. Thick blood smear was stained with 3% 
Giemsa for microscopic detection and quantification of malaria parasites. 
Assay of plasma levels of liver enzymes (alanine aminotransferase - ALT 
and aspartate aminotransferase - AST), bilirubin and creatinine were 
performed using standard biochemical laboratory methods. Results 
showed mild elevation of plasma levels of ALT (i.e. ALT > 45 U/L) and AST 
(i.e. AST >55 U/L) respectively in 8.5% and 21.1% subjects. Moderate 
elevation of ALT (i.e. ALT >90U/L) and AST ( i.e. > 110 U/L) was observed 
in 1.5% and 3.2% subjects respectively. Creatinine was normal in all 
subjects except 0.6% with mild elevation (>62mmol/L). Those with 
bilirubin level higher than double the group mean were 7.18%. Malaria 
parasite density was marginally positively correlated with elevation of AST 
(correlation coefficient= 0.02; p<0.001) and ALT (correlation coefficient= 
0.01; p=0.67). Researchers conclude that in children with uncomplicated 
Plasmodium falciparum infection, liver function is essentially normal; 
with only mild elevation of liver enzyme in a few.

199
ONE OF THE PLASMODIUM RHOPTRY PROTEINS IS 
ESSENTIAL FOR MALARIA SPOROZOITE GLIDING MOTILITY, 
WHICH IS REQUIRED FOR MOSQUITO SALIVARY GLAND 
INVASION MACHINERY

Sirasate Bantuchai1, Mamoru Nozaki2, Takafumi Tsuboi3, Motomi 
Torii2, Tomoko Ishino2

1Department of Molecular Parasitology, Graduate School of Medicine, 
Ehime University, Toon, Ehime, Japan, 2Division of Molecular Parasitology, 
Protea-Science Center, Ehime University, Toon, Ehime, Japan, 3Division of 
Malaria Research, Proteo-Science Center, Ehime University, Mastuyama, 
Ehime, Japan

Mosquito salivary gland invasion of Plasmodium sporozoite is an essential 
step for malaria transmission. Sporozoites, the malaria infective stages are 
formed inside oocyst on mosquito midgut then released into hemocoel. 
Sporozoites then migrated via hemolymph circulation and finally 
invade salivary glands. To initiate the salivary gland invasion, a parasite 
locomotion called gliding motility is required for this invasion step. To date, 
micronemal protein, thrombospondin-related anonymous protein (TRAP) 
has been shown to be involved in gliding motility. However, the molecular 
mechanisms for mosquito salivary gland invasion are still remaining 
unclear. To determine the mechanisms of sporozoite invasion machinery, 
we focus on rhoptry proteins because it has been suggested that they 
are involved in host cell invasion by merozoite. Since it is well known that 
most of rhoptry proteins could not be disrupted, sporozoite stage specific 
gene silencing system had been estrablished. Recently, we found that 
rhoptry neck protein 2 (RON2) is also involved in salivary gland invasion by 
sporozoite. We intend to elucidate the roles of all possible rhoptry proteins 
during sporozoite invasion using gene silencing method. We generate 
sporozoite stage specific gene silencing transgenic parasites, replaced the 
endogenous promoter to the merozoite specific promoter using rodent 
malaria parasite, P. berghei. It was shown that our target rhoptry protein 
expression in mutant sporozoites was reduced approximately 10 times less 
than those in control parasite by western blotting. The mutant sporozoites 
were formed in oocyst and released into hemocoel normally. Whereas, the 
number of invaded mutant sporozoites collected from salivary gland were 
about 100 times less than those of control parasites. Furthermore, these 
mutant sporozoites display a severe defect in gliding motility. These results 
demonstrated that this target rhoptry protein plays an important role in 
sporozoite gliding and involved in salivary gland invasion.
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THE FUNCTIONAL ANALYSES OF A PLASMODIUM 
ALVEOLIN PROTEIN DURING MOSQUITO STAGE PARASITE 
DEVELOPMENT

Natcha Lorsuwannarat1, Naoaki Shinzawa2, Mayumi Tachibana2, 
Riko Katsube1, Takafumi Tsuboi3, Motomi Torii2, Tomoko Ishino2

1Department of Molecular Parasitology, Graduate School of Medicine, 
Ehime University, Toon, Ehime, Japan, 2Division of Molecular Parasitology, 
Proteo-Science Center, Ehime University, Toon, Ehime, Japan, 3Division of 
Malaria Research, Proteo-Science Center, Ehime University, Matsuyama, 
Ehime, Japan

Plasmodium spp. has unique structure named inner membrane complex 
(IMC) beneath the plasma membrane in all invasive stages. IMC is 
composed of the membranous sacs which connect motor complex and 
microtubule cytoskeleton, and might has important roles during invasion. 
It has been reported that some proteins, containing the conserved 
peptides, are localized to IMC named as Alveolin family. Until now, 12 
ALVs are listed in Plasmodium by genomic sequencing. Some of them 
are mosquito stage specific, while the others are expressed in all invasive 
forms. The diversity of alveolins might be required for differentiation, 
membrane stability, motility or invasive ability of different stage parasites 
to proceed the complicated life cycle efficiently. To elucidate the functions 
of conserved ALVs, we have developed the mosquito stage-specific gene 
silencing system by promotor exchange. Using this system, we previously 
reported that ALV5 is essential for ookinete initial elongation and motility. 
To understand the comprehensive functions of ALV family proteins during 
malaria life cycle, we selected another ALV family protein which is also 
commonly expressed in all three invasive stages. We produced transgenic 
parasites (ALV-cKD) that repress the new ALV gene expression during 
ookinete and sporozoite stage. Target ALV protein amount in ALV-cKD 
cultured ookinetes was decreased by 90% of that in wild type using 
western blotting analysis. Approximately only 6% of ALV-cKD ookinete 
had morphologically normal mature shape inside mosquito midguts 
whereas 49% showed mature ookinete shape in wildtype. In accordance 
with this result, oocyst number of ALV-cKD on midgut was reduced 9 times 
less than that of wild type. These results demonstrated that our target 
ALV is required for ookinete normal structure, which might be related 
to their cell transversal ability. In addition, only few ALV-cKD sporozoites 
were collected from salivary glands. It suggested that our target ALV is 
also involved in sporozoite formation and/or salivary gland invasive ability, 
which is different from the ALV5 function.

201
HUMANIZED MOUSE MODEL OF PLASMODIUM 
FALCIPARUM INFECTION IN BLOOD STAGE

Shulin Xu, Alison E. Roth, Kenneth O. Udenze, Richard T. Luque, 
Laurelis Santiago, Samantha Barnes, John H. Adams
University of South Florida, Tampa, FL, United States

Malaria is a devastating mosquito-borne infectious parasitic disease 
resulting in substantial disease burden and morbidity. Plasmodium 
falciparum is the most deadly of the species causing human malaria. 
Plans to eliminate malaria as an important disease is hampered by the lack 
of an effective vaccine and widespread resistance to antimalarial drugs. An 
important limitation in developing new therapies for this human pathogen 
is the lack of accessible in vivo model systems for research studies. In this 
study we have analyzed a humanized mouse model for studying blood-
stage infections of P. falciparum. The commercially available NOD scid 
gamma (NSG) mouse (Taconic) were engrafted with human red blood cells 
(huRBC) in conjunction with clodronate treatments (O+ huRBC every 3 days 
IV with 100µl clodronate liposome IP). After 3 cycles of engraftment, NSG 
mice supported high level of huRBC (approximately 25%) in circulation. 
This huRBC-engrafted NSG model supported robust growth P. falciparum 
parasite line-PfKF7G4, which constitutively expresses luciferase and 
mCherry, achieving parasitemias of >10% in circulating human RBCs. 

By Giemsa-stained blood smear all stages of P. falciparum asexual 
development were observed in circulation. Mature gametocytes produced 
in vivo were infective for mosquitoes leading to oocyst formation in the 
mosquito midgut and salivary gland sporozoites. The huRBC-engrafted 
NSG model was modified for support of P. vivax blood stage studies by 
engrafting with adult blood enriched for reticulocytes are going on. This 
humanized model will help to accelerate the development of novel drug 
and vaccine study in malaria research.

202
IDENTIFICATION OF RED CELL AND METABOLIC ENZYME 
VARIATION ASSOCIATED WITH PRIMAQUINE SAFETY AND 
EFFECTIVENESS AGAINST PLASMODIUM VIVAX MALARIA

Rajeev K. Mehlotra1, Ricky Chan1, Rosalind E. Howes2, Julie 
Rosenjack1, Seth Schulte1, Johnathan Sheele1, David Serre1, 
Andrea Gaedigk3, Babu L. Tekwani4, Larry A. Walker4, Arsene C. 
Ratsimbasoa5, Peter A. Zimmerman1

1Case Western Reserve University, Cleveland, OH, United States, 2University 
of Oxford, Oxford, United Kingdom, 3University of Missouri, Kansas City, 
Kansas City, MO, United States, 4University of Mississippi, Oxford, MS, 
United States, 5University of Antananarivo, Antananarivo, Madagascar

Plasmodium vivax (Pv) presents challenges to malaria elimination because 
it produces hypnozoites, dormant liver-stages that cause relapse infections 
from weeks to years without mosquito transmission. If untreated, 
hypnozoites are a disease reservoir whose extent is unknown. Primaquine 
(PQ) is the only WHO-recommended drug that kills Pv hypnozoites to 
achieve radical cure but causes life-threatening hemolytic anemia in 
G6PD deficient (G6PDdef) people. Thus, PQ usage has been limited in 
many malaria-endemic countries and undermines Pv elimination efforts 
globally. Also, polymorphic expression of the drug-metabolizing enzyme 
Cytochrome P450 2D6 (CYP2D6) have been associated with PQ failure 
through observing Pv relapses in people who have received standard PQ 
treatment (30 mg/14 days). These findings suggest that optimizing PQ 
usage requires an understanding of G6PD and CYP2D6 genetic variation. 
Here, G6PD and CYP2D6 gene sequences were amplified using long-
range PCR strategies. Combined post-PCR SNP, deletion and duplication 
genotyping and Illumina sequencing was used to assess variation. Study 
participants included n=7 subjects from the USA (multiple ethnicities) 
and n=22 Madagascar. G6PD and CYP2D6 Illumina sequencing results 
were compared to reported reference sequences (X55448, G6PD normal; 
AY545216, CYP2D6*1). G6PD sequence analysis identified known allelic 
variants and showed concordance with predicted G6PD normal and 
G6PDdef enzyme activity phenotypes. CYP2D6 alleles predictive of low, 
intermediate and extensive metabolism were observed. Illumina sequence 
and CYP2D6 genotyping results were concordant. For the Malagasy study 
participants, sequences of both African and Southeast Asian origins were 
observed suggesting that the Malagasy population is rather unique. Our 
results indicate that genetic variation in G6PD and CYP2D6 genes may 
both confound safe and effective PQ use. This intersection of human 
genetic variation must be better understood to develop safe and effective 
PQ usage strategies to achieve elimination of Pv in endemic regions of the 
world.

203
BIOENERGETICS STUDIES OF PLASMODIUM FALCIPARUM 
MITOCHONDRION USING SEAHORSE FLUX ANALYZER

Tomoyo Kato, Dyann F. Wirth
Harvard School of Public Health, Boston, MA, United States

In recent years, the malaria parasite’s mitochondrion has drawn attention 
as a validated drug development target largely based on its molecular 
and functional divergence to human mitochondrion and successful 
development and clinical use of a mitochondrial electron transport chain 
(ETC) inhibitor, atovaquone. However, in contrast to the deep molecular 
and biochemical understanding of the mitochondrion in mammalian cells, 
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many aspects of Plasmodium mitochondrial function, bioenergetics, 
and associated metabolomics still remain unclear. In order to conduct 
bioenergetic studies of P. falciparum parasites, we developed a novel 
assay protocol utilizing the Seahorse flux analyzer, which allows us to 
assess the parasite’s respiration and glycolytic activities in real-time and 
simultaneously with a readout of an oxygen consumption rate (OCR) 
and extracellular acidification rate (ECAR). Using schizont stage parasites 
that were isolated from red blood cells by saponin lysis, we successfully 
monitored the kinetics of various metabolic substrates and products of the 
tricarboxylic acid cycle and ETC. As results, we found that glutamate, but 
not pyruvate, was able to increase OCR, and that glycerol-3-phosphate 
dehydrogenase had the largest potential as an electron donor among 
tested mitochondrial dehydrogenases. We also observed oligomycin-
sensitive OCR elevation by ADP with the presence of glucose, providing 
supportive evidence for the existence of oxidative phosphorylation in 
Plasmodium. Furthermore, we tested various mitochondrial inhibitors to 
see how these small molecules affect OCR. Cytochrome bc1 inhibitors, 
such as antimycin A, decreased OCR when any dehydrogenases of ETC 
were activated, while a dihydroorotate dehydrogenases (DHOD) inhibitor, 
genz669178, only decreased the OCR induced by dihydroorotate. This 
result demonstrated that our assay system provides a novel method for not 
only target identification but also mode of action study of mitochondria 
targeting antimalarials. Further studies including bioenergetic profiling of 
developmental stages and drug resistant lines will be discussed.

204
THE EFFECT OF IRON SUPPLEMENTS ON HEME IN PREGNANT 
WOMEN WITH MALARIA AND WITHOUT MALARIA

Hassana Salifu1, N. O. Wilson1, M. Liu1, F. Botchway1, Nelly 
Yatich2, John Keenan2, Cornelius Turpin2, Pauline Jolly2, J. K. Stiles3

1Morehouse School of Medicine, Atlanta, GA, United States, 2University of 
Alabama, Birmingham, AL, United States, 3Morehouse School of Medicine, 
Atlanta, GA, United States

Plasmodium falciparum malaria threatens about 200 million people 
worldwide resulting in 655,000-1000000 deaths annually with pregnant 
women and children at high risk. Although current anti-malarial treatment 
are effective in targeting parasites, recent studies have shown that the 
pathogenesis of severe malaria is not only due to parasitemia but also 
by parasite derived factors and host factors such as heme and heme 
oxgenase-1 (HO-1) as a result of hemolysis. Pregnant women in general 
are routinely recommended to take iron during pregnancy with the aim 
of meeting the increased iron demands during pregnancy. The objective 
of this study was to assess the effect of iron supplements on Heme in 
pregnant women with malaria and without malaria. We hypothesized that 
pregnant women with malaria who take iron supplements will have higher 
levels of Heme than pregnant women without malaria who do not take 
iron supplements. A cross-sectional study of women presenting for delivery 
at two hospitals in Kumasi, the Komfo Anokye Teaching Hospital and 
the Manhyia Polyclinic, and one hospital in Accra the Korle-Bu teaching 
hospital. The preliminary results showed that pregnant women with 
malaria who took iron supplements had significant higher median levels 
of heme 59.301 (43.08060.4) than pregnant women without malaria 
who did not take iron supplements 35.714 (33.03662.202), p = 0.026. 
In conclusion, malaria in pregnancy is associated with increased Heme 
reflecting the degree of hemolysis induced by parasites (sequestered or 
systemic) and pregnancy outcomes. Findings from this study may provide 
insight on the effect of iron supplements on malaria derived heme in 
pregnancy which may result in development of preventive chemotherapy 
that target both parasites and hemolysis.

205
PFEMP-1 EXPRESSION AND ANTIBODY IMMUNITY IN 
MALAWIAN PEDIATRIC CEREBRAL MALARIA PATIENTS

Anne Kessler1, Sarah Hochman1, Karl Seydel2, Terrie E. Taylor2, 
Kami Kim1

1Albert Einstein College of Medicine, Bronx, NY, United States, 2Blantyre 
Malaria Project, Blantyre, Malawi

PfEMP-1, a family of variant antigens expressed on the surface of 
Plasmodium falciparum infected erythrocytes, has been implicated in 
parasite evasion of the host immune system. PfEMP-1 is encoded by a 
family of 60 var genes that encode protein domains that enable infected 
erythrocytes to adhere to vascular endothelium and other erythrocytes. 
The var genes are classified on the basis of promoter sequence, 
chromosome position and protein domains. Recent studies suggest that 
parasites expressing a subset of PfEMP-1 variants are associated with 
more severe malarial disease, including cerebral malaria (CM). As CM 
remains a major cause of death amongst pediatric patients in Malawi, we 
employed qRT-PCR to determine the PfEMP-1 types expressed by parasites 
in the blood of pediatric patients admitted with stringently defined CM. 
Despite the wide range of variability in the P. falciparum isolates and the 
associated var genes, we were able to amplify and characterize the var 
repertoire of Malawian parasites using a panel of PCR primers initially used 
on parasites isolated from pediatric malaria patients in Tanzania. From 
this cross-sectional study, we report the diversity and types of PfEMP-1 
antigens isolated from Malawian pediatric CM patients. Our results will be 
discussed in the context of other clinical (retinopathy status, MRI features, 
outcome) and immune parameters.

206
PLASMODIUM FALCIPARUM K13 PROPELLER GENE 
MUTATION FROM NORTHWEST ETHIOPIA ASSOCIATED WITH 
DAY-3 POSITIVITY

Abebe Genetu Bayih1, Gebeyaw Getnet2, Abebe Alemu2, Sisay 
Getie2, Abu Nasir Mohon1, Dea Shahinas3, Dylan R. Pillai1
1University of Calgary, Calgary, AB, Canada, 2University of Gondar, Gondar, 
Ethiopia, 3University of Toronto, Toronto, ON, Canada

Artemisinin combination therapy (ACT) is considered first-line to treat 
uncomplicated falciparum malaria worldwide. Recently, artemisinin 
resistance has emerged in Southeast Asia. Resistance to artemisinin has 
been shown to be highly associated with mutations on the propeller 
domain of Plasmodium falciparum K13 gene. The mutations identified 
in Southeast Asia have not been observed in Africa to-date. In this study, 
we show a unique mutation in the K13 propeller domain of P. falciparum 
strains in Northwest Ethiopia that has not been previously reported in Asia 
and Africa. Confirmed falciparum malaria patients (n=148) in five districts 
in Northwest Ethiopia were enrolled in a 28-day ACT trial. Nested PCR for 
K13 propeller gene was performed on DNA samples extracted from filter 
paper blood spots. The PCR product was sequenced bi-directionally and 
the sequences were compared with the reference sequence of K13 gene 
(PF3D7_1343700).P. falciparum K13 propeller gene was amplified from 
genomic DNA isolated from 125 out of 148 blood samples collected from 
the five sites. We have found a unique mutation in K13 propeller domain 
(R622I) in 3/125 (2.4%) samples. The three isolates with R622I mutation 
came from Negade-Bahir and Aykel districts close to the Ethiopia-Sudan 
border. One of the three patients infected with the mutant strain had a 
day-3 positive result by microscopy. Homology modeling of the mutant 
protein indicates that the mutation is highly likely to disrupt the function 
of the protein. The study has shown the emergence of a novel mutation 
on the propeller domain of the P. falciparum K13 gene in Northwest 
Ethiopia with possible association to day-3 positivity.
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MUTATIONS IN K13, PFCRT AND PFMDR1 GENES AND 
EFFICACY OF ARTEMETHER-LUMEFANTRINE IN RELATION 
TO TREATMENT OUTCOMES IN KENYAN CHILDREN WITH 
UNCOMPLICATED FALCIPARUM MALARIA

Luicer I. Olubayo, Dennis W. Juma, Angela A. Omondi, Ben M. 
Andagalu, Hoseah M. Akala, Bernard Ogutu, Edwin Kamau
United States Army Medical Research Unit - Kenya, Kisumu, Kenya

Artemisinin-based combination therapies (ACTs) remain highly efficacious 
in sub-Saharan Africa (SSA) but resistance is found in Southeast Asia (SEA). 
Mutations in the Plasmodium falciparum K13-propeller domain are 
important determinants of ACTs resistance in SEA but there is no evidence 
of such in SSA. However, ACTs have been shown to select for K76 in 
pfcrt gene and N86, 184F and D1246 (NFD) in pfmdr1 gene (K+NFD 
haplotype) in SSA. An open-label randomized study was conducted to 
investigate selection of K76, N86, 184F and D1246 genotypes, and K-13 
mutation in recurrent parasites in western Kenya. 454 children with 
uncomplicated falciparum malaria were enrolled in the study and followed 
up for 42 days. Parasite clearance rates were calculated following WHO 
recommendation. Parasites collected on day 0 and subsequent days were 
genotyped by direct sequencing or by PCR-based single-base extension on 
Sequenom MassARRAY platform. Pfmdr1 copy numbers were determined 
by real-time PCR. The median slope half-life was 2.18 (range: 0.94, 6.94) 
with a 90% parasite clearance achieved in 40 hours. Day 0 (129) and 
subsequent days parasites (135 re-infections and 17 recrudescence) were 
successfully genotyped. On day 0, the prevalence of K76, N86, 184F and 
D1246 was 50% and 71.2%, 34.9% and 67.2% respectively. There was 
no significance difference in prevalence of genotypes for day 0 vs. re-
infection parasites. However, there was statistically significant difference 
for day 0 vs. recrudescence parasites in K76, N86 and D1246 loci; K76 and 
N86 were significantly associated with recrudescence. Recurring parasites 
harbored statistically higher K+NFD haplotype compared to day 0. There 
was no variation in pfmdr1 copy number. Analysis of K13 mutations is 
underway. ACTs remain highly efficacious in western Kenya. However, a 
few parasites had high half-lives. These parasites are of interest and more 
detailed genetic analysis is underway. In line with previous studies, we 
showed selection of K76 and N86 in recurring parasites. There is need for 
considerations of new policies for management of sustained ACTs efficacy 
in SSA.

208
GENETICALLY DETERMINED RESPONSE TO ARTEMISININ 
BASED COMBINATION THERAPY IN WESTERN KENYA 
PLASMODIUM FALCIPARUM PARASITES

Lorna J. Chebon1, Ngalah Bidii2, Luicer A. Ingasia2, Hoseah M. 
Akala2, Wallace Bulimo2, Ben Andagalu2, Edwin Kamau2
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Sciences, Jomo Kenyatta University of Agriculture and Technology, Nairobi, 
Kenya; Department of Emerging and Infectious Diseases, United States 
Army Medical Research Unit-Kenya, Nairobi, Kenya, 2Department of 
Emerging and Infectious Diseases, United States Army Medical Research 
Unit-Kenya, Kenya Medical Research Institute/Walter Reed Project, 
Kisumu, Kenya

In 2006, artemether-lumefantrine (AL) became the first-line treatment 
of uncomplicated malaria in Kenya due to widespread SP resistance. AL 
remains highly efficacious but there are heightened concerns because 
ACTs resistance is now well documented in Southeast Asia (SEA). SNPs 
in K13-propeller gene have been identified as the determinants of ACTs 
resistance in SEA though they are not present in Kenyan parasites. 
Genetically determined artemisinin resistance in Plasmodium falciparum 
has been described in SEA in association with slow parasite clearance 
rates (CRs). This study attempted to elucidate whether parasite genetics 
can provide basis for discovering genetic markers associated with ACTs 

resistance in Kenya. A randomized open labeled trial was conducted to 
evaluate whether genetic factors play a role in CRs in patients treated 
with ACTs from western Kenya. In addition, the genetic profiles of these 
parasites were compared to those collected before the introduction of AL 
(pre-ACTs). 118 subjects were enrolled in the study and randomized to 
receive either AL or Artesunate Mefloquine. A panel of 12 microsatellites 
(MS) and 91 SNPs distributed across the P. falciparum genome were 
genotyped. Parasite CRs were calculated using the WWARN online parasite 
clearance estimator tool. All subjects achieved parasite clearance within 42 
hours of treatment with a median clearance half-life of 2.55 hours (1.19-
5.05). The 12 MS showed high polymorphism with post-ACTs parasites 
being significantly more diverse compared to pre-ACTs (p < 0.0001). 
Based on SNP analysis, 15 of 90 post-ACTs parasites successfully analyzed 
were single-clone infections. Analysis revealed 3 SNPs in chromosome 
12 and 14 were significantly associated with delayed parasite CRs and 
might be useful in tracking artemisinin resistance in Kenya. Further, 
genetic analysis using Bayesian tree revealed parasites with similar parasite 
clearance as more closely related. Therefore, we have described parasites 
with genetically determined response to artemisinin treatment which 
can provide basis for discovering genetic markers associated with ACTs 
resistance in Kenya.

209
GENETIC CHARACTERISTICS OF PLASMODIUM FALCIPARUM 
FOUND IN SUBJECTS RANDOMIZED TO DISCONTINUATION 
VERSUS CONTINUATION OF COTRIMOXAZOLE PROPHYLAXIS

Dennis W. Juma
U.S. Army Medical Research Unit-Kenya, Kisumu, Kenya

The WHO recommends cotrimoxazole (CTX) prophylaxis for HIV-1 
infected individuals in regions with high prevalence of infectious diseases. 
However, with scale-up of antiretroviral therapy (ART), the usefulness 
of CTX is not well defined especially since it is thought its usage might 
increase risk of developing cross-resistance to closely related drugs such 
as sulfadoxine-pyrimethamine (SP). We conducted a non-blinded non-
inferiority randomized controlled trial in Homabay, western Kenya to 
assess CTX prophylaxis discontinuation (DIS) vs. continuation (CON) among 
HIV-1 infected adults. The subjects had to be on ART for >18 months 
with CD4 >350 cells/mm3. 500 subjects were enrolled; 250 in DIS arm 
and 250 in CON arm. Blood samples were collected every 3 months, at 
time-points in months 0, 3, 6, 9 and 12. Malaria prevalence and mutations 
associated with SP resistance in pfdhfr and pfdhps genes were assessed 
by direct sequencing. The prevalence (overall) of Plasmodium was 3.8%, 
with 3.2% in DIS and 0.6% in CON. The prevalence of mutant haplotype 
for each arm at each time-point was calculated and compared. Pfdhfr 
51I/59R/108N haplotype was present only in DIS arm in all the 5 time-
points (prevalence 16.7% - 66.7%) except for month 9 in CON arm. 
Pfdhfr 51I/108N/164L was present in months 0, 9 and 12 in both DIS 
and CON arms. In pfdhps gene, 437G/540E haplotype appeared in both 
arms at all time-points whereas 437G/540E/581G was present only in 
month 6 in DIS arm only. Combined 51I/59R/108N/437G/540E appeared 
only in DIS arm in all time-points (prevalence 16.7%-50%) whereas N51I/
C59R/108N/437G/540E appeared only in CON arm in month 9 (prevalence 
33.3%). Homabay has malaria prevalence of over 40%. In this study, 
both arms had overall malaria prevalence of less than 4%, with CON 
arm having less than 1%. Our data does not show evidence of selection 
of mutations associated with SP resistance. Given high mortality and 
morbidity caused by malaria, CTX demonstrates usefulness and eliminates 
the need for use of SP as intermittent preventive treatment in pregnant 
women and infants.
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SELECTIVE SWEEPS AND GENETIC LINEAGES OF 
PLASMODIUM FALCIPARUM MULTI-DRUG RESISTANCE 
(PFMDR1) GENE IN KENYA

Peninah Muiruri, Dennis W. Juma, Edwin Kamau
US Army Medical Research Unit-Kenya, Kisumu, Kenya

Artemether-lumefantrine (AL) has been the first-line treatment for 
uncomplicated falciparum malaria in Kenya since 2006. AL selects for K76 
in pfcrt and N86, 184F and D1246 in pfmdr1 genes in recurring parasites 
compared to the baseline infections. Microsatellite (MS) analysis of loci 
flanking genes associated with antimalarial drug resistance has been used 
in defining the geographic origins and dissemination of resistant parasite. 
Kenya has diverse malaria transmission intensities with varying malaria 
endemicities. This study investigated evidence of selective sweep and 
genetic lineages in pfmdr1 genotypes selected for by AL in treatment of 
malaria infections in Kenya. Parasites (247) from different regions in Kenya 
(Kisumu, Kisii, Kericho and Malindi) were analyzed for polymorphisms at 
codons 86, 184 and 1246 in pfmdr1. Samples were typed for 8 NMS and 
13 MS loci flanking pfmdr1. Full data set was obtained in 79% (186) of 
the samples. Overall, prevalence of N86 and D1246 was highest at 85.1% 
and 90.5% respectively. The most prevalent haplotype was NFD at 53.2% 
whereas the least prevalent was YFY at 1.1%. Per site, N86 was highest 
in Kisumu at 92.6% and lowest in Malindi at 65.1%. Kericho had the 
lowest prevalence of mutant alleles in all the loci whereas Malindi had 
the highest. Kisumu had the highest prevalence of NFD (63.4%) whereas 
Malindi had the lowest (29.7%). The mean HE for NMS was 0.96 vs. 0.627 
for the 13 MS indicating selection. Parasites carrying mutant alleles had 
reduced HE compared to the wild type NYD except for NFD. Analysis of 
parasite genetic lineages is underway. Data show high prevalence of NFD 
and NYD, difference in genetic diversity between sites and evidence of 
selection in pfmdr1 gene that is statistically different between sites. Data 
indicate parasites are evolving differently in response to AL drug pressure 
from one region to another suggesting rate at which AL tolerance will 
develop in different regions of Kenya might vary.

211
ARTEMISININ-BASED COMBINATION THERAPY EFFICACY IN 
KISUMU, WESTERN KENYA: IN VIVO AND IN VITRO EFFICACY 
FINDINGS

Ben Andagalu, Dennis Juma, Luicer Ingasia, Lorna Chebon, Irene 
Onyango, Angela Omondi, Agnes Cheruiyot, Hosea Akala, Edwin 
Kamau
Department of Emerging and Infectious Diseases, United States Army 
Medical Research Unit-Kenya, Kenya Medical Research Institute/Walter 
Reed Project, Kisumu, Kenya

Plasmodium falciparum (Pf) resistance to artemisinin is prevalent in 
Southeast Asia (SEA) and is a threat to malaria control efforts. Africa is 
currently spared, but this observation is evocative of the emergence of 
chloroquine and sulphadoxine-pyrimethamine resistance that was first 
observed in SEA and later in Africa. More comprehensive monitoring 
is required in malaria endemic areas. In 2013-2014, we conducted an 
efficacy study of artemether lumefantrine (AL) and artesunate mefloquine 
(ASMQ) for the treatment of uncomplicated Pf malaria in Kisumu, Western 
Kenya - an area with high malaria transmission. A total of 118 subjects 
were randomized in a 1:1 ratio to receive either AL or ASMQ. Treatment 
was directly observed. Blood draws for malaria tests were performed 
at hours 0, 4, 8, 12, 18, 24 and 6 hourly thereafter until 2 consecutive 
negative malaria blood films (MBFs) were obtained. Blood samples for 
MBFs were also collected during weekly follow-up visits from day 7 to 
42. Hour 0 samples were tested for ex vivo sensitivity to antimalarial 
drugs. Findings from the AL arm are presented here. The geometric 
mean parasitemia at presentation was 37892.5 parasites/µL (95% CI 
25294.2, 56765.6). There were no cases of early treatment failure. 

Before PCR correction, 54.2% (32/59) had 28 day adequate clinical and 
parasitological response (ACPR) and 35.6% (21/59) had 42 day ACPR. 
After PCR correction, 100% had 28 and 42 day ACPR. The median time 
to clear 99% of parasitemia (PC99) was 21.19 hours (range 10.40 - 
32.25), while the median time to clear 50% of parasitemia (PC50) was 
7.42 hours (range 0.83 - 15.54). The median parasite clearance slope 
half-life was 2.45 hours (range 1.56 - 4.02). The influence of age on the 
parasite clearance parameters was not statistically significant. Hour 0 
drug sensitivity IC50 median values for artemether, dihydroartemisinin 
and lumefantrine were 4.13 nmol (IQR 1.68, 10.75), 8.34 nmol (IQR 1.84, 
35.21) and 31.69 nmol (IQR 3.40, 111.49) respectively. AL efficacy for 
the treatment of uncomplicated malaria in Kisumu is still high. This study 
provides baseline malaria parasite clearance profiles that must continuously 
be monitored.

212
HIGH LEVEL PLASMODIUM FALCIPARUM SULFADOXINE-
PYRIMETHAMINE RESISTANCE WITH THE CONCOMITANT 
OCCURRENCE OF THE SEPTUPLE HAPLOTYPE IN TANZANIA

Vito Baraka
National Institute for Medical Research,Tanzania, Tanga, United Republic 
of Tanzania

Sulphadoxine-pyrimethamine (SP) was abandoned as the first-line 
treatment; however, it is still being used for intermittent preventive 
treatment during pregnancy (IPTp-SP). Here, we assessed the pattern of 
Plasmodium falciparum dhps and dhfr haplotypes in areas with different 
transmission intensities in Tanzania. A total of 264 samples were collected 
during cross-sectional survey in three districts of Muheza, Muleba and. 
The haplotypes were amplified by PCR and then detected by SSOP-ELISA. 
Results: The triple Pfdhfr mutant haplotypes (CIRNI) were predominant in 
all sites with significantly higher frequencies at Muheza district (93.9%) 
when compared to Muleba (73%) and Nachingwea (65.15%), (p<0.001). 
In contrast, the prevalence of triple Pfdhps SGEGA haplotype was 
significantly higher at Muheza (38.8%) as compared to Muleba (1.5%) 
and none at Nachingwea (p<0.001). The combinations of Pfdhfr-Pfdhps as 
quintuple CIRNI-SGEAA (n=25), sextuple CIRNI-SGEGA (n=24) and CIRNI-
AGEGA (n=53) haplotypes were detected including the emergence of a 
septuple mutant haplotype CIRNI-AGEGA (n=9) predominantly at Muheza. 
In conclusion, the high prevalence of Pfdhfr-Pfdhps mutant haplotypes 
could undermine the efficacy of IPTp-SP leading to poor pregnancy 
outcomes.

213
PREVALENCE OF ANTIMALARIAL DRUG RESISTANT ALLELES 
ACROSS VARIABLE TRANSMISSION ZONES IN THE GAMBIA

Sukai Ceesay, Joseph Okebe, Abdoulie Touray, Haddy Nyang, 
Julia Mwesigwa, Muna Affara, Davis Nwankanma, Umberto 
D’Alessandro, Alfred Amambua-Ngwa
The Medical Research Council, Banjul, Gambia

Exacerbation of interventions and the introduction of artemisinin 
combination therapies (ACTs) are thought to have accounted for the 
decline in Malaria transmission across sub-Saharan African (sSA). However 
emergence of artemisinin resistance in South-East Asia and fears of 
spread to Africa calls for vigorous monitoring of ACT efficacy and anti-
malarial drug resistance markers. In parts of sSA approaching malaria 
elimination, low transmission and loss of immunity can lead to epidemics 
and establishment of imported or emerging drug resistant strains. This 
study therefore sought to map the prevalence of drug resistance markers 
across hot and low transmission areas across the Gambia which in the 
last decade has shown declining malaria prevalence approaching pre-
elimination levels. Polymorphic markers for kelch gene (K13 SNP 580, 543, 
539), Plasmodium falciparum multi-drug resistant protein-1 (Pfmdr1 
SNP N86Y, D1246Y,) PfATPase402 and the PfcrtK76T SNPs were typed in 
335 parasite isolates using Taqman allelic discrimination assays or Sanger 
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sequencing. Samples were collected from cross-sectional surveys and 
passively detected infections. Preliminary results of genotype proportions in 
the coastal regions of the Gambia indicate that there were 10.5% mutant 
alleles for PfATPase402, increasing to 20% in the central river flood plains 
and 14% in rural settlements in the East. Pfmdr1 N86Y mutant allele 
proportion was highest in the coastal regions (14%), 3% in the central 
regions and 10% in the upper river regions. Pfmdr1 SNP D1246Y attained 
1.6% in the coastal region. Only reference alleles of the K13 propeller 
polymorphisms were identified. This study shows the persistence of MDR 
mutations in the Gambia despite the discontinuation of Chloroquine. 
These markers are indirectly associated with delayed clearance in ACT 
treatment and will require continuous monitoring.

214
MAINTAINED EFFICACY A DECADE AFTER THE 
INTRODUCTION OF ARTESUNATE PLUS SULPHADOXINE-
PYRIMETHAMINE FOR PLASMODIUM FALCIPARUM 
MALARIA IN AFGHANISTAN

Ghulam R. Awab1, Mallika Imwong2, Sasithon Pukrittayakamee2, 
Arjen Dondorp3, Nicholas P. Day3, Nicholas J. White3, Faizullah 
Kaker4, Charles J. Woodrow3

1Nangarhar University, Jalalabad, Afghanistan, 2Mahidol University, 
Bangkok, Thailand, 3Oxford University, Oxford, United Kingdom, 4Ministry 
of Public Health, Kabul, Afghanistan

Combination therapy with artesunate plus sulphadoxine-pyrimethamine 
was adopted as recommended treatment for Plasmodium falciparum 
infection in Afghanistan in 2003. We have performed a series of efficacy 
studies to examine the efficacy of AS+SP against P. falciparum in 
sentinel sites in Afghanistan from 2007 to 2014, accompanied by relevant 
molecular studies. Initial work (n=120) involved randomising patients 
to artesunate plus sulphadoxine-pyrimethamine or dihydroartemisinin-
piperaquine, while subsequent studies were therapeutic efficacy studies 
of artesunate plus sulphadoxine-pyrimethamine. The studies enrolled 303 
patients across four provinces in the north and east of the country. Efficacy 
was high in all the trials, with an adequate clinical and parasitological 
response (ACPR) of more than 95% in all groups and trial stages. 
Genotyping for drug-resistance alleles at dhfr indicated fixation of the 
S108N mutation and a prevalence of the C59R mutation of approximately 
95%. Other mutations in dhfr and dhps were generally rare or absent 
entirely. The prevalence of the dhps K540E mutation fell over the course 
of the study (5/60 samples to 0/135; p = 0.0024) suggesting that despite 
the ongoing use of sulphadoxine-pyrimethamine, there is no evidence 
of worsening resistance to it components. For the study undertaken in 
2012-2014, only two samples of 60 successfully sequenced carried a 
K13-propeller mutation.These data confirm maintained efficacy of the 
artesunate plus sulphadoxine-pyrimethamine combination against P. 
falciparum and suggest that the extent of sulphadoxine-pyrimethamine 
resistance has not worsened and may be improving.

215
PHARMACOKINETICS OF TRANSFER OF PIPERAQUINE INTO 
THE BREAST MILK OF PAPUA NEW GUINEAN MOTHERS

Brioni R. Moore1, Sam Salman1, John Benjamin2, Madhu Page-
Sharp3, Gumal Yadi2, Kevin T. Batty3, Peter M. Siba2, Ivo Mueller4, 
Timothy M. Davis1

1University of Western Australia, Perth, Australia, 2Papua New Guinea 
Institute of Medical Research, Madang, Papua New Guinea, 3Curtin 
University of Technology, Perth, Australia, 4The Walter and Eliza Hall 
Institute, Parkville, Australia

Women living in malaria-endemic areas, such as coast Papua New 
Guinea (PNG), are at high risk of malaria infection during pregnancy. 
Currently recommended treatment strategies include prompt treatment 
of symptomatic malaria and intermittent presumptive treatment in 
pregnancy (IPTp). A promising candidate for IPTp is dihydroartemisinin-

piperaquine (DHA-PQ) which has been assessed in a number of safety, 
efficacy and pharmacokinetic studies. Whilst available data suggests 
this combination is safe and effective for use in pregnancy, there are no 
published pharmacokinetic studies of the transfer of PQ into breast milk 
and its subsequent ingestion by the infant. The transfer of PQ into breast 
milk was investigated in 27 pregnant PNG women who received a 3-day 
course of DHA-PQ or sulfadoxine-pyrimethamine-PQ during the second/
third trimester. Breast milk samples were collected 1, 2, 3-5, 7-11 and 14-
17 days post-delivery with a maternal blood sample also collected at time 
of delivery. Milk and plasma PQ was assayed using high performance liquid 
chromatography. A population-based approach was used to model log e 
(plasma) and milk concentration-time data. PQ breast milk transfer was 
found to be best described by a sigmoid Emax model. A milk:plasma ratio 
was found to be 0.58 (population average) with a peak of 2.5 found at 
delivery. The median estimated absolute and relative cumulative infant PQ 
doses were 22 µg and 0.07%, respectively, corresponding to absolute and 
relative daily doses of 0.41µg/kg and 0.004%. Model-based simulations 
for PQ treatment given at birth, 1 week post-delivery and 6 weeks post-
delivery showed that the highest median estimated relative total infant 
dose (0.36%, or median absolute total dose 101 µg/kg ) was seen after 
maternal PQ treatment 6 weeks postpartum. The maximum simulated 
relative total and daily dose from any scenario were 4.3% and 2.5%, 
respectively, lower than the recommended 10% upper limit. Therefore, it 
was demonstrated that PQ is transferred into breast milk after maternal 
treatment but the level of infantile exposure appears safe.

216
A SURVEY OF THE RESERVOIR OF MOLECULAR MARKERS 
OF PLASMODIUM FALCIPARUM ANTIMALARIAL DRUG 
RESISTANCE FROM A HIGH TRANSMISSION SETTING IN 
BONGO DISTRICT, GHANA

Charles A. Narh1, Kathryn E. Tiedje2, Christiana O. Onwona1, 
Thomas Anyorigiya3, Godfred Agongo3, Daniel Azongo3, Timothy 
Awine3, Raymond Aboriga3, Abraham Oduro3, Mercedes Pascual4, 
Kwadwo A. Koram1, Karen P. Day2, Anita Ghansah1

1Noguchi Memorial Institute for Medical Research, Accra, Ghana, 2School 
of BioSciences, The University of Melbourne, Melbourne, Australia, 
3Navrongo Health Research Center, Navrongo, Ghana, 4Department of 
Ecology and Evolutionary Biology, University of Michigan, Ann Arbor, MI, 
United States

Despite significant strides made to decrease the burden of malaria globally, 
billions of infections still persist for months in the human population. 
These chronic infections constitute the reservoir of infection and if left 
untreated, serve to fuel continued transmission. Plasmodium falciparum 
resistance to anti-malarial drug treatments threatens malaria control and 
elimination activities worldwide. To eliminate malaria, it is essential that 
parasite populations be monitored so that genetic diversity, including 
drug resistance, is examined before, during and after interventions. A 
study based on a panel of 4 drug resistant genes; Pfcrt, Pfmdr1, Pfdhfr, 
and Pfdhps, was completed on 242 slide positive P. falciparum isolates 
collected from a cross-sectional survey of asymptomatic participants (>1 
year) in two villages at the end of the 2012 dry season in Bongo District 
(BD), Ghana. The loci investigated include codons 72, 73, 74, 75 and 76 
of the Pfcrt gene; 86, 184, 1034, 1042, and 1246 of the Pfmdr1 gene; 
51, 59, 108, and 164 of the Pfdhfr gene; 436, 437, 540, 581, and 613 of 
the Pfdhps gene. Mutations in key codons associated with resistance were 
detected (MEGA V6) following sequencing of the positive PCR amplicons. 
Over 15% (n=139), 81% (n=207), 90% (n=186), and 80% (n=228) of 
samples had at least one of the mutations in Pfcrt, Pfmdr1, Pfdhfr, and 
Pfdhps, respectively. The prevalence of Pfcrt mutation K76T was 7% and 
12% for Pfmdr1 mutation N186Y. The prevalence of Pfdhfr S108N mutant 
was 87%, and the Pfdhps mutation A437G was 80%. C72V73I74E75T76 
haplotype had a prevalence of 3.6%. In addition, 15 atypical/novel non-
synonymous mutations that have not been previously reported in Ghana, 
were observed among 21% of samples in Pfdhps and Pfdhfr. This data also 
predicted ≈35 P. falciparum clades within BD using a neighbor-joining 
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phylogeny. Our data portray a highly diverse P. falciparum population 
circulating in BD with possible resistance to CQ and SP. This data will be 
useful for improving malaria surveillance and for determining the specific 
parameters that need to be utilized when monitoring the effects of 
interventions on P. falciparum diversity.

217
PLASMODIUM FALCIPARUM PFCRT-RESISTANT HAPLOTYPES 
IN CHILDREN WITH UNCOMPLICATED MALARIA FOUR YEARS 
AFTER CHANGE IN POLICY FROM CHLOROQUINE AS FIRST-
LINE ANTIMALARIAL MEDICINE IN LAGOS, NIGERIA

Oladipo O. Oladosu
ANDI Centre of Excellence for Malaria Diagnosis, College of Medicine, 
University of Lagos, Lagos, Nigeria

Chloroquine (CQ) was widely used for the treatment of Plasmodium 
falciparum for several decades. Despite the change in National malaria 
drug policy to artemisinin combination therapy (ACT) in Nigeria in 2005 
due to CQ resistance to P. falciparum, CQ is still widely used in the 
treatment of malaria because it is cheap, affordable and accessible. 
Genetic markers to predict Plasmodium parasites’ resistance especially 
for single nucleotide polymorphisms (SNPs) have the potential to provide 
information on P falciparum resistance to antimalarial. This study 
determined the prevalence of Pfcrt haplotypes and point mutations 
in Pfmdr1 genes four years after the change in antimalarial treatment 
policy to the ACTs in Lagos, a commercial city in Nigeria.It was a cross 
sectional study of uncomplicated malaria in children less than 12 years that 
presented with fever and other symptoms suggestive of malaria. Parasites 
DNA were extracted from 119 patients out of 251 children that were 
positive for P. falciparum by microscopy and amplified. The occurrence 
of haplotypes was investigated in Pfcrt gene using probe-based qPCR 
and nested PCR for SNPs in Pfmdr1 gene.The majority of the children 
(91.6%) harboured parasites with the mutant Pfcrt haplotype (CVIET).
Five of the isolates (4.2%) had a mixture of genotypes encoding CVMNK 
and CVIET,while 4.2% had the wild type (CVMNK). SVMNT was not 
seen in this population. Furthermore, the frequency of point mutations 
in Pfmdr1 was 62.2% and 69.0% for codons Y86 and F184 respectively. 
There were no mutations at codons 1034, 1042 and 1246 of the Pfmdr1 
genes. The high frequency of the CQ-resistant haplotypes (CVIET) and 
mutations in the Pfmdr1 known to be associated with CQ failure seen 
in this study suggest that CQ resistance P. falciparum parasites are still 
in circulation. Continuous use of CQ may increase the level of resistant 
Pfcrt haplotypes and point mutations in Pfmdr1 genes and could threaten 
the efficacy of current ACTs. There is need to strengthen current case 
management efforts at promoting ACT and restricting access to CQ and 
other antimalarial monotherapy by the drug regulatory Agency.

218
MOLECULAR SURVEILLANCE OF POLYMORPHISMS IN THE 
K13 PROPELLER DOMAIN OF PLASMODIUM FALCIPARUM 
MALARIA FROM THIES, SENEGAL, 2011-2014

Yaye D. Ndiaye1, Awa Bineta Deme1, Baba Dieye1, Mouhamadou 
Ndiaye1, Sarah Volkman2, Donald Krogstad3, Julie Thwing4, Eric S. 
Halsey4, Eldin Talundzic4, Venkatachalam Udhayakumar4, Daouda 
Ndiaye1

1Universite Cheikh Anta Diop, Dakar, Senegal, 2Harvard School of Public 
Health, Boston, MA, United States, 3Tulane University, New Orleans, LA, 
United States, 4Centers for Disease Control and Prevention, Atlanta, GA, 
United States

In Senegal, artemisinin combination therapy (ACT) has been adopted 
in 2006 as the first-line treatment for uncomplicated Plasmodium 
falciparum malaria. Recent reports have provided evidence for the 
evolution of artemisinin resistance in the Greater Mekong Subregion, 
threatening current malaria control and elimination efforts. Monitoring of 

the recently identified artemisinin resistant K13 propeller mutations in the 
context of therapeutic efficacy studies has now been adopted as a way 
to monitor changes in the sensitivity patterns of parasites to artemisinin 
drugs. Some of the mutations in the K13 propeller domain have been 
found to be associated with delayed parasite clearance and ring stage 
parasite survival. The goal of this study was to determine the presence or 
absence of K13 propeller mutations from ACT therapeutic efficacy study 
samples collected in Thies, Senegal, during 2011-2014. We performed 
Sanger sequencing of the K13 propeller gene using protocols established 
in our laboratory. A total of 251 samples were analyzed for mutations 
in the K13 propeller domain using the Geneious Pro R8 software. An 
automated single nucleotide polymorphism (SNP) calling workflow 
developed in our laboratory using Geneious Pro R8 was used for this 
analysis. Briefly, by selecting a user defined sequence list and reference 
sequence as an input, the workflow automatically mapped the input 
sequences to the reference sequence, identified all SNPs, and exported the 
final SNP calls. Each step created a sub-folder allowing the user to check 
the results. SNPs were only called if both the forward and reverse strands 
had the mutation. No mutations were detected in the K13 propeller 
domain; all 251 samples from Thies, Senegal, were wild type. Overall, the 
K13 molecular data is consistent with the therapeutic efficacy study results 
which showed ACT remains efficacious in Thies, Senegal.

219
DYNAMICS OF MALARIA DRUG RESISTANCE IN THE GAMBIA

Fatou Joof
Medical Research Council, The Gambia Unit, Banjul, Gambia

Chemotherapy has been one of the most effective malaria control 
measures, but has always been limited by repeated appearance and 
spread of resistance to almost all antimalarial drugs in use. Recent reports 
of uprising resistance to Artemisinin in South East Asia calls for the 
surveillance of its development and spread. This current study is based 
in a rural setting in eastern part of The Gambia, where participants 
(n=120) diagnosed with uncomplicated malaria were recruited from a 
health facility. Samples were collected before and after treatment, with 
participants followed for 42 days. Parasites were tested ex vivo against 
11 popular anti malarial drugs including artemisinin and its derivatives. 
Median IC50 values were generated and for n=50 (Piperaquine = 30.3nM; 
Artemisinin = 7.4nM; Dihydroartemisinin = 3.15nM; Lumefantrine = 
82.43nM; Amodiaquine = 11.4nm; Quinine = 69.4nm; Chloroquine = 
61.3nM; Pyremethamine = 8410nM; Artesunate = 4.6nM; Mefloquine 
= 27.2nM and Artemisinin = 10.3nM). Analysis is being conducted to 
compare ex vivo data with in vivo clinical response, which reported 30% 
(n=120) recurrence of parasites, primarily in the last 2 weeks of follow 
up visit. Genotyping by both SNP barcode and MSP are being used to 
investigate the parasite populations at initial infection and subsequent 
recrudescence or re-infection. In addition, molecular analysis of drug 
resistant mutations (pfcrt, pfmdr1, dhps, dhfr) will be correlated with the 
ex vivo response and the observed in vivo clinical outcome. This analysis 
will help provide a picture of the efficacy of the current line of treatment 
(Artemisinin based combination Therapy) in a sub-Saharan setting as well 
the distribution of drug resistance markers in a parasite population.
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RECRUDESCENT PLASMODIUM FALCIPARUM ISOLATES 
FROM DHA-PIPERAQUINE FAILURES IN CAMBODIA: IN VITRO 
SUSCEPTIBILITY TO NEWER ANTIMALARIAL DRUGS

Vorleak Try1, Dalin Dek1, Sokunthea Sreng1, Seila Suon1, Sivanna 
Mao2, Chantha Sopha3, Didier Leroy4, Chanaki Amaratunga5, 
Jennifer M. Anderson5, Pharath Lim5, Rick M. Fairhurst5

1National Center for Parasitology, Entomology and Malaria Control, Phnom 
Penh, Cambodia, 2Sampov Meas Referral Hospital, Pursat, Cambodia, 
3Makara 16 Referral Hospital, Preah Vihear, Cambodia, 4Medicines for 
Malaria Venture, Geneva, Switzerland, 5Laboratory of Malaria and Vector 
Research, National Institute of Allergy and Infectious Diseases, National 
Institutes of Health, Rockville, MD, United States

Dihydroartemisinin-piperaquine (DHA-PPQ) is the frontline artemisinin 
combination therapy (ACT) for falciparum malaria in Cambodia, but recent 
treatment failures - caused by resistance to both DHA and PPQ - are now 
prevalent in this country’s western provinces. Alternative treatments, 
including ACT partner drug replacements, are urgently needed. To 
investigate potential treatments, we culture-adapted Plasmodium 
falciparum clinical isolates that recrudesced following treatment with 
DHA-PPQ in Cambodia in 2012-2013, and measured their in-vitro 
susceptibilities to two novel potent antimalarial compounds (NITD609, 
OZ439), various alternative ACT partner drugs [lumefantrine (LUM), 
pyronaridine (PYN), ferroquine (FQ), naphthoquine (NQ)], and PPQ. Using 
a SYBR Green I fluorescence assay, we calculated the in-vitro IC50 values 
of these drugs for 36 recrudescent parasites - both the initial isolate at 
the time of clinical presentation and the recrudescent isolate at the time 
of treatment failure. The geometric mean IC50 values (GMIC50s) for initial 
isolates were: 0.9 nM for NITD609, 2.4 nM for OZ439, 21.8 nM for LUM, 
6.8 nM for PYN, 33.7 nM for FQ, 12.9 nM for NQ, and 51.5 nM for PPQ. 
The GMIC50s for all seven drugs were not significantly different between 
initial and recrudescent isolates. Additionally, there were no positive 
correlations between GMIC50s between drugs, except for NQ versus PYN. 
These data indicate that contemporary Cambodian isolates causing DHA-
PPQ failures are highly susceptible to newer antimalarials, and suggest 
that these drugs might be useful components of alternative combination 
therapies for multidrug-resistant malaria in Southeast Asia. These data also 
provide valuable baseline GMIC50s for these drugs should they become 
routinely used in Cambodia in the near future.
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ASSESSMENT OF THE EFFICACY OF ARTESUNATE-
AMODIAQUINE: RECOMMENDED THERAPY BY THE 
NATIONAL MALARIA CONTROL PROGRAM (NMCP) IN 
WESTERN MADAGASCAR

Tovonahary A. Rakotomanga1, Thierry Franchard1, Brune 
Ramiranirina1, Tiana Ramanatiaray1, Arsene Ratsimbasoa1, David 
Serre2, Rosalind E. Howes3, Peter A. Zimmerman4

1National Malaria Control Programme of Madagascar, Antananarivo, 
Madagascar, 2Genomic Medicine Institute, Cleveland Clinic, Cleveland, 
OH, United States, 3Department of Zoology, University of Oxford, Oxford, 
United Kingdom, 4Center for Global Health and Diseases, Case Western 
Reserve University, Cleveland, OH, United States

Madagascar remains malaria endemic, but there are plans to shift 
from malaria control policies towards achieving pre-elimination status. 
Although there is evidence that four malaria species are transmitted 
across Madagascar, Plasmodium falciparum is the predominant species 
nationally, with clusters of P. vivax transmission particularly in the 
highland fringe regions of western Madagascar. In order to assess the 
efficacy of 3-day artesunate-amodiaquine (ASAQ) therapy in Madagascar, 
drug efficacy was evaluated in children presenting with uncomplicated 
malaria. Children between six months and 5 years with uncomplicated P. 
falciparum and P. vivax malaria were enrolled in May 2012 to September 

2012, in Tsiroanomandidy, in a western, endemic area of Madagascar. 
The day-28 treatment failure rate assessed by conventional microscopy 
was compared to molecular diagnostic evaluation by a ligase detection 
reaction-fluorescent microsphere assay (LDR-FMA). Risks of clinical and 
parasitological treatment failure after adjustment by molecular diagnosis 
were estimated using Kaplan-Meier survival analysis. Secondary outcomes 
included fever clearance, parasite clearance, change in hemoglobin levels 
between Day 0 and the last day of follow-up, and the incidence of adverse 
events. Comparison of microscopy and LDR-FMA data was performed for 
eight individuals for whom data from day 0 to day 28, one person was 
missing the day 21 samples. Among these 8 individuals parasitemia cleared 
by day 2 post-treatment, however, parasitemia was observed to return 
on day 28 for one individual. The molecular diagnostic signal lingered 
beyond day 2 for all individuals for up to 21 days post-treatment. Return 
of molecular diagnostic signal was observed to return for 3 individuals. In 
the context of AS-AQ effectiveness studies, it will be important to monitor 
clearance of malaria by microscopy and molecular diagnostic strategies.

222
THE INFLUENCE OF THE 581G MALARIA PARASITE 
MUTATION ON INTERMITTENT PREVENTIVE TREATMENT 
IN PREGNANCY (IPTP): A SYSTEMATIC REVIEW AND META-
ANALYSIS

R. Matthew Chico
London School of Hygiene & Tropical Medicine, London, United Kingdom

The World Health Organization (WHO) recommends the provision of 
intermittent preventive treatment with sulphadoxine-pyrimethamine 
(IPTp-SP) to pregnant women resident in areas of moderate (stable) or 
high malarial transmission to reduce the incidence of low birthweight 
(LBW) and other adverse birth outcomes attributable to malaria. 
However, the protective effect of IPTp-SP has been compromised due to 
parasite mutation. Of particular concern is the Plasmodium falciparum 
dihydropteroate synthetase (Pfdhps) resistance mutation at codon 581G 
which appears to render falciparum malaria parasites ‘super resistant’ to 
SP. We conducted a systematic review and meta-analysis of the protection 
against the incidence of LBW conferred by > 2 doses of IPTp-SP. Two or 
more doses of IPTp-SP versus placebo or no IPTp-SP cut the odds in half of 
delivering a LBW newborn among primi- and secundigravidae (odds ratio 
[OR] = 0.54; 95% Confidence Intervals [CI]: 0.35, 0.84; P < 0.00). Among 
multigravidae, the odds were reduced by 30% (OR = 0.70; 95% CI: 0.51, 
0.95; P = 0.04). We then used a geographical database of biomarkers 
to obtain point prevalence estimates of the Pfdhps 581G mutation 
among parasites from the same locations where IPTp-SP studies had been 
conducted. Using these estimates, we carried out sensitivity analyses 
and found that IPTp-SP protected primi- and secundigravidae against the 
incidence of LBW where the prevalence of the parasite mutation 581G 
was < 10.1% (OR = 0.49; 95% CI: 0.29, 0.81; P = <0.01) and where 
the prevalence of 581G was > 10.1% (OR = 0.73; 95% CI: 0.29, 1.81; 
P = 0.03). In contrast, among multigravidae there was only borderline 
protection against LBW conferred by IPTp-SP in areas where the prevalence 
of 581G was < 10.1% (OR = 0.56; 95% CI: 0.37, 0.86; P = 0.07) and no 
evidence of protection in settings where the prevalence of 581G was > 
10.1% (OR = 0.96; 95% CI: 0.70, 1.34; P = 0.47). This suggests that there 
may be a threshold that could be used to guide IPTp-SP policy change.

223
PLASMODIUM FALCIPARUM RECRUDESCENCE IN CULTURE 
FOLLOWING PULSE TREATMENTS WITH LUMEFANTRINE

Nahla B. Gadalla, Thomas E. Wellems
National Institutes of Health, Rockville, MD, United States

Multidrug-resistant Plasmodium falciparum is a major threat to 
global malaria control. Currently there is world-wide recommendation 
for the use of artemisinin-combination therapy (ACT). Artemether-
lumefantrine is the recommended treatment for falciparum malaria in 
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51 countries. The lumefantrine component is a synthetic aryl-amino 
alcohol that mainly targets the mature asexual stages of the parasite. 
While there are no confirmed characterizations of parasite resistance to 
lumefantrine, there is substantial evidence for treatment failure in patients 
treated with artemether-lumefantrine. A risk for resistance is that the 
relatively long half-life of lumefantrine (3-5 days) exposes a proportion 
of parasites that have not yet been cleared to sub therapeutic levels of 
lumefantrine after artemether leaves the circulation. In this study, parasites 
from a Cambodian clone of P. falciparum (CP-803) were subjected 
to pulse treatment with lumefantrine at incremental concentrations. 
These treatment pulses reduced parasitemia to subpatent levels before 
recrudescent parasite populations were obtained. Interestingly the selected 
parasites were completely eliminated by continuous exposure for 28-days 
at <10% of the drug concentration used for the pulse treatments, and the 
lumefantrine IC50 levels of the selected line remained little changed from 
that of the unselected parasites.

224
POLYMORPHISMS IN K13, PFCRT, PFMDR1, PFDHFR AND 
PFDHPS IN PARASITES ISOLATED FROM SYMPTOMATIC 
MALARIA PATIENTS IN BOBO-DIOULASSO, BURKINA FASO

Anyirékun Fabrice Some1, Thomas Bazie1, Amadé Sawadogo1, 
Frédéric Nikiema1, Issaka Zongo1, Laura Berne2, Khim Nimol2, 
Didier Menard2, Jean-Bosco Ourdraogo1

1Institut de Recherche en Sciences de la Sante, Direction Regionale, 
Bobo-Dioulasso, Burkina Faso, 2Pasteur Institute Cambodia, Phnom Penh, 
Cambodia

The emergence of resistance to artemisinin derivatives in western 
Cambodia could jeopardize the control and elimination of malaria. Known 
resistance-mediating polymorphisms in the K13, pfcrt, pfmdr1, pfdhfr and 
pfdhps are of greatest importance to monitor the spread of resistance. 
Samples for this study were collected in 228 malaria patients randomized 
to receive artemether-lumefantrine or artesunate-amodiaquine for the 
treatment of uncomplicated malaria in Colsama and Sakaby health 
centers, Bobo-Dioulasso, Burkina Faso. Blood sample were collected on 
filter paper on day 0,1,2,3,7 14,21,28 and on any day the patients felt 
ill. We evaluated the prevalence of polymorphisms in K13, pfcrt K76T, 
pfmdr1 (N86Y, Y184F) and pfdhps (A437G, K540E) in parasites collected 
prior treatment. We reported 1.8% (5/221) of K13 synonymous mutant 
alleles (two C469C, one Y493Y, one G496G, and one V589V), 24.5%, 
19.5% and 70.0% respectively for mutant pfcrt 76T, pfmdr1-86Y and 
pfmdr1-184F. Sulfadoxine-pyrimethamine (SP) resistance associated pfdhfr 
51I, 59R and 108N were found in 141/228 (61.8%), 124/228 (54.4%) and 
146/228 (64.0%) samples and pfdhps 437G in 145/228 (63.5%) samples. 
These data provide baseline prevalence of key antimalarial drug-resistance 
polymorphisms in Bobo-Dioulasso, Burkina Faso. e results suggest that 
artemisinin combination therapies and SP may retain good efficacy 
respectively in the treatment and prevention of malaria in Bobo-Dioulasso, 
Burkina Faso.

225
THE ROLE OF THE MALARIA PARASITE SUGAR 
PHOSPHATASE, PFHAD1, IN FOSMIDOMYCIN RESISTANCE 
AND METHYLERYTHRITOL PHOSPHATE (MEP) PATHWAY 
REGULATION

Jooyoung Park, Ann M. Guggisberg, Audrey R. Odom, Niraj H. 
Tolia
Washington University School of Medicine, St. Louis, MO, United States

The methylerythritol phosphate (MEP) pathway for isoprenoid 
precursor biosynthesis is an attractive target for novel anti-malarial 
drug development, as compounds that target this pathway lack toxicity 
concerns for humans. The small molecule compound fosmidomycin 
inhibits the MEP pathway enzyme deoxyxylulose 5-phosphate (DXR) 

and is in clinical trials for combination therapy with other anti-malarial 
compounds. Fosmidomycin-resistant Plasmodium falciparum strains 
were generated in vitro. Genetic analysis of these parasites revealed that 
they are highly enriched for mutations in PfHAD1. The crystal structure 
of PfHAD1 was solved in order to determine the effects of the mutations 
on PfHAD1 structure and function, which revealed that these mutations 
cause loss of PfHAD1 function via protein misfolding or interference with 
substrate binding. We found PfHAD1 to be a sugar phosphatase member 
of the haloacid dehalogenase (HAD) superfamily with catalytic activity 
towards a variety of sugar phosphate compounds, including intermediates 
of glycolysis - which feed into the MEP pathway. Metabolic profiling 
revealed that fosmidomycin-resistant parasite strains lacking PfHAD1 
have substantial increases in MEP pathway metabolites. Together, these 
results demonstrate that PfHAD1 regulates substrate availability to the 
MEP pathway and that loss of PfHAD1 function confers fosmidomycin 
resistance in P. falciparum. While the metabolic effects and a biological 
phenotype of PfHAD1 have been elucidated, the substrate specificity 
and mechanism of catalysis for PfHAD1, or HAD superfamily members 
generally, have not been well defined. Crystal structures of PfHAD1 in 
complex with three different upstream MEP pathway precursors reveal 
how domain movement in PfHAD1 enables diverse substrate recognition. 
These studies further inform the molecular role of HAD enzymes, in 
regulation of an ancient, evolutionarily conserved, and essential metabolic 
pathway.
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MOLECULAR SURVEILLANCE FOR K13 GENE AND OTHER 
PLASMODIUM FALCIPARUM MOLECULAR MARKERS 
ASSOCIATED WITH ANTIMALARIAL RESISTANCE IN 
SURINAME 
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The emergence and spread of antimalarial resistance in Plasmodium 
falciparum has the potential to severely limit the efficacy of antimalarial 
regimens. In Suriname, the current P.falciparum first-line treatment, 
artemisinin and lumefantrine (AL), is monitored every three years. One of 
the indicators for suspected resistance associated with artemisinin drugs 
is delayed parasite clearance (persistence of >10% of parasites on Day 3 
after treatment initiation). An antimalarial trial using 3 days of artesunate 
monotherapy followed by mefloquine and primaquine was conducted 
during 2013-2014. Forty P. falciparum samples obtained at the time of 
enrollment were tested for the artemisinin resistance-associated K13 gene 
and for other known drug resistance markers, pfcrt, pfmdr1, pfdhfr, and 
pfdhps. The K13 propeller domain and drug resistant genes were PCR 
amplified using established laboratory protocols and the amplicons were 
sequenced using Sanger method. Our results showed that all 40 samples 
contained only the wild type K13 sequence. In addition, all isolates carried 
the chloroquine-resistant pfcrt genotype SVMNT (codons 72-76), triple 
mutant pyrimethamine resistant dhfr genotype (50R/51I/108N), triple 
mutant sulphadoxine resistant dhps genotype (437G/540E/581G) and 
pfmdr1 mutant genotype. Only a single isolate out of the 40 tested 
had two copies of pfmdr1 gene, previously associated with mefloquine 
resistance. In addition, when analyzing neutral microsatellite data, the 
haplotypes found in Suriname were similar to those previously reported 
in Guyana, Venezuela, and Brazil, which indicates active migration in 
this area. In summary, this study found no evidence for the presence of 
artemisinin-resistant K13 alleles. Continued monitoring of antimalarial 
efficacy, using in vivo trials and molecular markers, are necessary to detect 
changes in treatment response and prevalence of P. falciparum resistant 
alleles.
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IMPACT OF INTERMITTENT PREVENTIVE TREATMENT WITH 
DIHYDROARTEMISININ-PIPERAQUINE ON PLASMODIUM 
FALCIPARUM POLYMORPHISMS THAT MODULATE DRUG 
SENSITIVITY IN A TRIAL OF UGANDAN SCHOOLCHILDREN

Joaniter I. Nankabirwa1, Jennifer Legac2, Melissa D. Conrad2, 
Bonnie Wandera1, Simon J. Brooker3, Sarah G. Staedke3, Moses R. 
Kamya1, Grant Dorsey2, Philip J. Rosenthal2
1Makarere University Kampala, Kampala, Uganda, 2Department of 
Medicine, University of California, San Francisco, CA, United States, 
3Faculty of Infectious and Tropical Diseases, London School of Hygiene & 
Tropical Medicine, London, United Kingdom

Dihydroartemisinin-piperaquine (DP) offers prolonged protection 
against malaria, due to the long half-life of piperaquine, but its impact 
on polymorphisms mediating Plasmodium falciparum resistance 
is uncertain. In a trial undertaken in Tororo, Uganda in 2011-12, 
monthly treatment with DP for one year in schoolchildren aged 6-14 
years decreased the incidence of malaria by 96% and the incidence 
of asymptomatic parasitemia by 94% compared to children receiving 
placebo. To assess the impact of DP on parasite resistance-mediating 
polymorphisms in this trial, we assessed the prevalence of key 
polymorphisms between isolates that emerged at different intervals 
after treatment with DP. Blood was obtained during each episode of 
fever and monthly in asymptomatic children. Samples collected within 
14 days of treatment for malaria (with artemether/lumefantrine) were 
excluded. 810 samples from symptomatic (160) and asymptomatic (650) 
episodes of parasitemia were assessed at 4 loci that modulate sensitivity 
to aminoquinoline antimalarials (N86Y, Y184F, D1246Y in pfmdr1 and 
K76T in pfcrt) utilizing a ligase detection reaction fluorescent microsphere 
assay. For pfmdr1 N86Y and pfcrt K76T, the prevalences of mutant 
genotypes, compared to wild type/mixed genotypes, were significantly 
greater in children who had received DP within 30 days of the episode of 
parasitemia (18% for N86Y; 96% for K76T) compared to those not treated 
within 60 days (8.3%, p=0.035 for N86Y; 86.1%, p=0.049 for K76T) or 
within 90 days (6.9%, p=0.012 for N86Y; 84.5%, p=0.031 for K76T). 
Associations were not seen between time since treatment and other SNPs. 
DP offered potent preventive efficacy against malaria, but parasites that 
emerged soon after treatment were more likely than parasites not under 
drug pressure to harbor pfmdr1 and pfcrt polymorphisms associated with 
decreased sensitivity to aminoquinoline antimalarials. DP offers promising 
preventive efficacy but additional studies of its potential selection of drug 
resistant parasites are warranted.
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THE EFFICACY, SAFETY AND TOLERABILITY OF REPEAT 
DOSING WITH DIHYDROARTEMISININ-PIPERAQUINE 
FOR THE PREVENTION AND TREATMENT OF MALARIA: A 
SYSTEMATIC REVIEW AND META-ANALYSIS

Julie Gutman1, Stephanie Kovacs2, Andy Stergachis3, Feiko O. ter 
Kuile4
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Intermittent preventive treatment (IPT) of malaria is a potential strategy for 
the control of malaria in infants, children, adults and pregnant women. 
Dihydroartemisinin-piperaquine (DP) is an effective and well tolerated 
antimalarial. The long half-life of piperaquine (~22 days) makes it an 
attractive choice for IPT. We conducted a systematic review and meta-
analysis to determine the efficacy and safety of repeated exposures to 
3-day courses of DP. We searched MEDLINE, EMBASE, Web of Science, 
Scopus, CINAHL Plus, the Cochrane Library databases, WHO Global Health 

Library and the Malaria in Pregnancy Consortium Library. Studies were 
eligible if they included prospective data on participants that received more 
than one dose of DP for IPT or case-management. Random effects models 
were used. Our search identified 745 citations; after title review 365 
abstracts were reviewed. Nine unique patient populations were included: 
two repeat treatment studies (1 in children <5y [N=312] and 1 in pregnant 
women [N=5192]) and seven randomized, controlled IPT trials (5 in 
children <5y [N=5394], 1 in school children [N=740], 1 in adults [N=961]). 
In total, there were 12, 435 participants; 3099 were exposed to DP, 
including 2180 <5 years of age and 485 pregnant women. Comparator 
interventions included placebo, artemether lumefantrine, sulfadoxine-
pyrimethamine (SP), SP-amodiaquine, SP-piperaquine, SP-chloroquine, 
and trimethoprim-sulfamethoxazole. The range of doses of DP was 3-18. 
Overall, monthly IPT-DP provided greater protective efficacy (PE) against 
any parasitemia than placebo (pooled PE: 88%, 95% confidence interval 
84-93%). In total, 282 serious adverse events (SAEs) were reported, 62 
among those exposed to DP; no study reported a disproportionate number 
of SAEs in DP recipients. Electrocardiogram results were reported from 19 
participants from one study; all QTc intervals were reported within normal 
limits. The limited data on repeat DP exposures suggest that 3-day course 
of DP is safe and effective and a good option for IPT. Additional data are 
needed on the potential for QT prolongation and the safety of repeat 
exposures in pregnancy.
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HEALTH WORKERS’ KNOWLEDGE ON ADMINISTRATION 
OF INJECTABLE ARTESUNATE FOR TREATMENT OF SEVERE 
MALARIA IN OROMIA AND SNNPR REGION, ETHIOPIA

Zelalem Kebede1, Takele Kefyalew1, Tesema Awano1, Madeleine 
R. Marasciulo2, Prudence Hamade2, James Tibenderana2, Ebenezer 
S. Baba2, Joaniter I. Nankabirwa2
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The World Health Organization (WHO) recommends injectable artesunate 
as the first drug of choice for the treatment of severe malaria. Although 
Ethiopia adopted this recommendation and revised the malaria case 
management guidelines in 2012, no official training of health workers was 
performed on the new guidelines for management of severe malaria. We 
assessed the health workers knowledge on appropriate use of injectable 
artesunate for treatment of severe malaria cases. The study was conducted 
among 320 health workers randomly selected from 1,498 health facilities 
of malarious district of Oromia and Southern Nation Nationality and 
People Regional State (SNNPR). Self-administered questionnaires were 
used to assess the knowledge on proper administration of injectable 
Artesunate. Of the total participants, 66.3% were from Oromia state and 
15.7% were doctors, 54.7% were nurses, 12.25% were health officers 
and the rest pharmacists. Majority (94.1 %) correctly responded that 
injectable artesunate is recommended for treatment of severe malaria 
but only 11 (3.4%) could demonstrate the steps for proper preparation 
and administration of the drug. Only 2% said that it is safe to administer 
injectable artesunate during all trimesters of pregnancy and 63% cited 
that proper administration sites for injectable artesunate. Although most 
health workers know that injectable artesunate is the first drug of choice 
for treatment of severe malaria, the study demonstrated that there is a 
lack of knowledge on preparation and administration of drug. Intensive 
training with practical sessions is required for health workers for proper 
managing severe malaria cases using injectable artesunate. Distribution of 
injectable artesunate, without building the capacity of health workers may 
result in risk of misuse of and development of resistance to artesunate.
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AN ASSESSMENT OF INTERMITTENT PREVENTATIVE 
TREATMENT IN PREGNANCY COVERAGE ACROSS SUB-
SAHARAN AFRICA FROM 2000-2015

Cristin A. Fergus1, Michael Lynch2, Richard Cibulskis1, n. Global 
Malaria Programme, World Health Organization
1World Health Organization, Geneva, Switzerland, 2Centers for Disease 
Control and Prevention, Atlanta, GA, United States

Malaria in pregnancy has been shown to cause various poor health 
outcomes for mothers and their children. Intermittent Preventative 
Treatment of pregnant women (IPTp) with sulfadoxine-pyrimethamine (SP), 
the administration of one full treatment course of SP at routine second 
and third trimester prenatal visits, has been shown to reduce severe 
maternal anemia, low birthweight, and perinatal mortality with minimal 
adverse effects. Data from country reports and nationally-representative 
household surveys were used to assess the coverage levels of IPTp since 
the year 2000. Among the 37 countries with national IPTp policies, 30 
reported on the number of women who attended ANC at least once 
and 31 reported on the number of doses of IPTp administered in 2013, 
more countries than in previous years. These reports were compared to 
the estimated number of pregnant women for each country, derived 
from UN population estimates. For 9 countries reporting on receipt 
of 3 or more doses of IPTp, a median of 17% of all pregnant women 
received 3 or more doses of IPTp; a median of 43% of pregnant women 
received 2 doses of IPTp in 31 countries, and 57% received at least one 
dose as reported by 30 countries. In 2013, a median 89% of pregnant 
women in reporting countries attended ANC, which, when compared 
to the proportion receiving at least one dose of IPTp, suggests a number 
of missed opportunities for delivery at ANC. The combination of yearly 
NMCP-reported IPTp distribution data with estimates of pregnant women 
and household survey data to assess trends over time shows an impressive 
increase in the uptake of all doses of IPTp through 2007, no substantial 
change during 2007-2010, followed by a modest upward trend projected 
through 2015. Given the importance of IPTp as a malaria intervention for 
a high risk population, continued efforts should be made to quantify the 
coverage levels.
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IMPACT OF RAPID DIAGNOSTIC TESTS FOR THE DIAGNOSIS 
AND TREATMENT OF MALARIA AT A PERIPHERAL HEALTH 
FACILITY IN WESTERN UGANDA: AN INTERRUPTED TIME 
SERIES ANALYSIS

Ross Boyce1, Anthony Muiru1, Raquel Reyes1, Edgar Mulogo2, 
Moses Ntaro2, Michael Matte2, Mark Siedner1

1Massachusetts General Hospital, Boston, MA, United States, 2Mbarara 
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The WHO recommends that all suspected malaria cases receive a 
parasitological diagnosis prior to treatment with artemisinin-based 
combination therapy. A recent meta-analysis of clinical trials evaluating 
RDTs for the management of patients with fever found substantial 
reductions in antimalarial prescriptions when health workers adhered 
to treatment protocols based on test results. However few studies have 
reported on the impact of RDTs on health systems outside research 
settings. We conducted a retrospective interrupted time series, comparing 
rates of malaria diagnosis, treatment, and resource utilization before 
and after introduction of RDTs at a peripheral health facility in rural 
Western Uganda. We graphically depicted the use of malaria diagnostic 
tests throughout the study period and fit regression models to identify 
correlates of three outcomes of interest: (1) length of stay (2) the 
proportion of patients referred to a higher-level health facility, and (3) 
administration of antibiotics. Over the course of the study period, 14,357 
individuals underwent diagnostic testing for malaria with either a RDT 
(9,807) or microscopy (4,550). The proportion of patients with parasite-

based diagnoses more than tripled to 34% after the introduction of RDTs. 
RDTs largely replaced microscopy as the diagnostic method of choice. 
Compared to patients admitted during the pre-RDT period, patients 
admitted to the health center with malaria in the post-RDT period had 
significantly reduced odds of being referred to another health center 
(AOR=0.49, P=0.038), receiving antibiotics (AOR=0.42, P<0.001), and a 
significantly shorter mean length of stay (β= -0.32, 95%CI -0.52 to -0.13). 
Our study is one of the few to demonstrate significant improvement in 
clinical outcomes and process measures following the introduction of 
RDTs for the diagnosis of malaria at a rural health facility in Uganda. We 
observed a reduction in referrals and shorter mean inpatient LOS even as 
antibiotics were prescribed less frequently. This change greatly increased 
laboratory throughput and the resultant proportion of patients receiving a 
parasite-based diagnosis.
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DIAGNOSTIC PERFORMANCE OF A NOVEL MALARIA LOOP 
MEDIATED ISOTHERMAL AMPLIFICATION (LAMP) ASSAY IN 
A FIELD SETTING
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In endemic settings, WHO recommends confirmation of malaria prior to 
treatment either by microscopic examination of blood films or the use of 
Rapid diagnostic tests (RDTs). The renewed interest in global eradication of 
malaria however, calls for more sensitive and high throughput diagnostic 
tools for the end game. Although RDTs have a faster turnaround time, 
there is a high rate of false positivity due to persistent circulation of 
antigen after infection; thus, molecular tools such as polymerase chain 
reaction (PCR) that amplify parasite DNA are being developed. Deployment 
of PCR in field settings or peripheral centers where they are most needed 
is not feasible therefore isothermal amplification methods such as Loop 
mediated isothermal amplification (LAMP) are being developed. In this 
study, we report the diagnostic performance of a novel highly sensitive 
LAMP assay targeting the apicoplast genome, in a field setting. The study 
was carried out in the screening stage of an ongoing trial comparing the 
effect of dihydroartemisinin-piperaquine (DHA-PPQ) alone or with single 
doses of Primaquine (PQ) on gametocyte carriage among individuals with 
asymptomatic malaria. Samples were collected from consenting individuals 
in the study villages around Basse and Walikunda in The Gambia from 
October to December 2014. From a single finger prick, samples were 
collected from 495 participants for microscopy, RDT and dried blood spots 
(DBS). DNA was extracted from the DBS by a simple methanol extraction 
method and the LAMP assay was performed in a field site the same day. 
A mean of 35 samples were collected daily and turnaround time for 
the LAMP assay was approximately two hundred and seventy minutes. 
Preliminary results show malaria prevalence of 38% by RDT and 34% by 
LAMP. Using RDT as the reference method, sensitivity of the LAMP assay 
was 77% (95%CI 63 - 88%) and specificity was 91% (95%CI 83 - 96%). 
Positive and negative predictive value of the LAMP assay was 84% and 
87% respectively. As it becomes more feasible to deploy molecular tools 
for diagnosis of malaria at peripheral levels, global eradication of malaria 
can gradually become a reality.
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SPREAD OF PFHRP2- AND PFHRP3-NEGATIVE PLASMODIUM 
FALCIPARUM PARASITES IN RURAL COMMUNITIES FROM 
THE PERUVIAN AMAZON REGION: IMPLICATIONS FOR RAPID 
DIAGNOSTIC TESTS
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of California San Diego, San Diego, CA, United States, 3Institute of Tropical 
Medicine Alexander von Humboldt, Universidad Peruana Cayetano 
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The Plasmodium falciparum Histidine-Rich-Proteins 2 and 3 (HRP2/3) is 
a parasite antigen that is a key target of rapid tests to diagnose malaria. 
Clinical field samples lacking pfhrp2, pfhrp3 and their flanking genes were 
recently reported in peri-urban communities of the Peruvian Amazon. 
Little is known about the geographical expansion of the deletion in rural 
far away communities from Iquitos city, and resulting implications for 
malaria diagnosis. The aim of this study was to estimate the frequency 
of the deletion in pfhrp2, pfhrp3 and their flanking genes from clinical 
samples in three communities far from Iquitos. 146 samples were collected 
in San José de Lupuna (13 in 2012, 102 in 2013, and 31 in 2014) a rural 
community crossing Nanay river, 10km from Iquitos city; 219 samples 
were collected in Cahuide (14 in 2012, 163 in 2013, and 42 in 2014), a 
rural community located 60 km from Iquitos and 178 samples came from 
Santa Emilia (March 2013 -June 2013), a remote community located 150 
km from Iquitos. qPCR was used to confirm and quantify P. falciparum 
infections. Parasitemia levels were classified in 3 groups: high (>200 
molecules/µl), medium (20-200 molecules/µl), and low (<20 molecules/
µl). High and medium parasitemia levels were tested for the amplification 
of pfhrp2-3 and their flanking genes by PCR, with detection limit of 10 
molecules/µl. Of 227 samples, 122 (54%) were negative for pfhrp2; 47 
from Cahuide, 31 from Lupuna and 44 from Santa Emilia. Out of 122 of 
pfhrp2 negative samples, 71 also lack the PF3D7_0831900 gene and only 
23 lack pfhrp2 and both flanking genes. For pfhrp3 gene, 110 (48%) were 
negative; 34 from Cahuide, 36 from Lupuna and 40 from Santa Emilia. 
Out of 110 of pfhrp3 negative samples, 52 also lack the PF3D7_1372100 
gene and only 14 lack pfhrp3 and its flanking genes. This is the first report 
of the pfhrp2 and pfhrp3 gene deletion in remote and rural communities 
of the northeast Peruvian Amazon where the vast majority of malaria is 
located in Peru. These data suggest a high frequency of the pfhrp2-3 gene 
and flanking gene deletions. This parasite population is becoming fixed in 
the region, with implications for diagnosis and potentially pathogenesis.
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EVALUATION OF MALARIA MICROSCOPY DIAGNOSIS 
FOLLOWING IMPLEMENTATION OF A QUALITY ASSURANCE 
PROGRAM IN LOW-TRANSMISSION AREAS, KENYA - 2014

Fredrick Odhiambo
Ministry of Health, Nairobi, Kenya

Malaria accounts for 9 million outpatient visits in Kenya annually. Prompt 
diagnosis of malaria is critical for early treatment, but microscopy services 
are often of poor quality or not available in health facilities. Kenya 
implemented a national malaria laboratory quality assurance (QA) program 
in 2013 to improve malaria diagnosis starting with low-transmission 
areas. We evaluated the performance of microscopy diagnosis after 8 
months of QA implementation using blood slides archived in January and 
February 2014. From March to April 2014, we visited 21 health facilities 
in low-transmission areas implementing QA and 21 that had not started 
the QA program (control) matched on level of services provided and 
geographic location and randomly collected a total of 720 blood slides; 
360 in each branch. The slides were re-examined by certified independent 

expert microscopists; results were used as the reference for validity and 
reliability. Eighty-four (23%) blood slides were malaria positive in each 
branch. Twenty-two (26%) slides were falsely positive in QA compared 
to 43 (51%) in control facilities. Sensitivity was 95% (95% CI: 87-99%) 
in QA facilities compared to 62% (95% CI: 49-74%) in control facilities. 
Specificity was 93% (95% CI: 89-95%) in QA compared to 85% (95% CI: 
81-89%) in controls. The positive predictive and negative predictive values 
were 74% (95% CI: 63-83%) and 99% (95% CI: 97_100%), respectively, 
for QA facilities compared to 49% (95% CI: 38-60%) and 91% (95% CI: 
87_94%), respectively, for controls. Primary county hospitals recorded the 
largest inter-observer agreement differences; kappa (κ) for QA facilities 
was 0.90 (95% CI: 0.81-0.99) and κ for controls was 0.38 (95% CI: 0.19-
0.56). Overall, significant differences between inter-observer agreements 
were observed between QA facilities (κ=0.80; 95% CI: 0.72-0.88) and 
control facilities (κ=0.43; 95% CI: 0.32-0.54). Facilities implementing 
the malaria laboratory QA program in low-transmission areas performed 
unsatisfactorily in our evaluation of the validity and reliability of malaria 
microscopy diagnosis, although they outperformed matched control 
facilities.
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NINA-LAMP COMPARED TO MICROSCOPY AND RDT FOR 
THE DETECTION OF MALARIA

Md Abu Naser Mohon1, Lydia Lee1, Abebe Genetu Bayih1, 
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Dylan R. Pillai1
1University of Calgary, Calgary, AB, Canada, 2Program for Appropriate 
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LAMP based method have shown potential to detect sub-microscopic 
infections. However, the requirement of electrical instrumentation 
has limited the use of LAMP in resource poor environments. PATH has 
introduced a new heating system that is called NINA for simple operation 
of LAMP. In the current study, we have evaluated the efficacy of NINA-
LAMP for detection of traveler’s malaria in comparison with Microscopy, 
nested PCR and the only FDA approved RDT (BINAX NOW Malaria). In 
total, 69 (38 falciparum and 31 non-falciparum) microscopy positive and 
71 negative samples were selected retrospectively for this study. Samples 
were collected in different times at Calgary Laboratory Service from 
returning travelers with fever. LAMP was performed using a commercial kit 
from Eiken Chemical Company, Japan by both NINA and PCR machine. We 
did not find any consistent difference in assay between LAMP conducted 
in NINA versus PCR machine. LAMP was 100 %( 95% CI, 93.43-100) 
sensitive and 95.77% (95% CI, 87.33-98.90) specific in comparison with 
microscopy whereas sensitivity and specificity were 100% (95% CI, 93.60-
100) and 98.55% (95% CI, 91.11-99.92) when compared to nested PCR 
for detection of all malaria cases. We also demonstrate high accuracy for 
P. falciparum (sensitivity 100% and 97.61%; Specificity- 97.06% and 
100%; Microscopy and nested PCR) and non-falciparum (sensitivity-100% 
and 100% Specificity- 100% and 99.08%; microscopy and nested PCR) 
detection. On the other hand, the RDT was overall 85.50 %( 95% CI, 
74.5-92.4) and 85.91% (95% CI, 75.16-92.68) sensitive and 97.18% 
(95% CI, 89.28-99.51) and 98.55% (95% CI, 91.11-99.92) specific 
compared to microscopy and nested PCR, respectively. Although the RDT 
was accurate in P. falciparum diagnosis (sensitivity-94.74% and 90.48%), 
poor performance was observed for non-falciparum malaria detection 
(sensitivity-74.19% and 70.97%) compared to microscopy and nested 
PCR. We conclude that LAMP assay is highly sensitive and specific for 
symptomatic malaria diagnosis. As NINA is a non-instrumented system, it 
has the potential to replace RDTs at both field site and point of care in all 
settings.



71

astmh.org

236
EVALUATION OF LAMP AS A MALARIA DIAGNOSTIC TOOL 
IN REACTIVE CASE DETECTION IN NAMIBIA WITH RDTS AS 
THE SOURCE OF DNA

Munyaradzi Tambo1, Davis Mumbengegwi1, Ronnie Bock1, Hugh 
Sturrock2, Rolly Gosling2, Immo Kleinschmidt2

1University of Namibia, Windhoek, Namibia, 2University of California, San 
Fransisco, San Fransisco, CA, United States

The number of sub patent infections increases up to 70% of the infected 
population as malaria decreases. Therefore, in low prevalence settings, 
malaria cases could be going undetected due to difficulty in detection 
of low parasite density infections with RDTs. Namibia is moving towards 
elimination and in order to eliminate malaria, all asymptomatic and 
symptomatic reservoirs of malaria that could perpetuate the spread of 
malaria need to be traced by reactive case detection in combination with 
LAMP. Consequently, the study evaluated the use of LAMP with nPCR as 
a reference in reactive case detection. All reported malaria cases from the 
Engela health district were followed up at their households, the reported 
case and all the individuals in the same household and 4 surrounding 
households were tested for malaria with RDTs and these RDTs were 
collected from all 2790 individuals that were tested. There were 1658 RDT 
samples from case neighbourhoods and 1132 samples from controls. DNA 
was extracted from the RDT samples for malaria diagnosis with LAMP. 
Nested PCR was performed on all LAMP positive samples and 10% of 
the negative samples as a reference standard. Species determination was 
done with RDTs, LAMP kits and cytochrome B digestion. RDTs detected 37 
malaria infections with a sensitivity of 56.06%. LAMP detected 66 malaria 
infections with a sensitivity of 100%. A total of 64 of the LAMP positive 
samples were also nPCR positive and all LAMP negative samples were 
also nPCR negative. Both RDTs and LAMP determined that all the malaria 
infections were caused by P.falciparum and this was confirmed by n-PCR. 
The number of malaria infections detected doubled with the use of LAMP 
as compared to RDTs, in addition LAMP detected 4 times more secondary 
cases than RDTs. The majority of the malaria infections, 97%, were from 
case neighbourhoods. This indicates that individuals in proximity to malaria 
infections are more likely to be infected by malaria. Reactive case detection 
is an important surveillance tool in combination with LAMP and not RDTS 
to detect all cases around reported cases that are usually asymptomatic.

237
AN ADVANCED COMPUTER VISION PLATFORM FOR CLINICAL 
DIAGNOSIS OF MALARIA

Seth Salpeter, Arnon Houri-Yaifn, Joseph Joel Pollak
Sight Diagnostics, Jerusalem, Israel

Accurate malaria diagnosis is necessary to prevent unnecessary deaths, 
curb malaria drug resistance related to unnecessary treatment and uncover 
asymptomatic malaria patients. While numerous diagnostic assays exist, 
the need for a low-cost, rapid and highly accurate malaria test remains. 
We have merged inventions in sample preparation, machine design 
and software algorithms to create the first complete computer vision 
platform for blood analysis and malaria diagnosis. A blood sample is 
stained using a proprietary fluorescent dye and scanned in the automated 
microscopy system in a process that takes 4 minutes. The device then 
produces a malaria diagnosis, speciation and parasitemia per red blood 
cells. Clinical trials on the platform performed in Europe, Africa and India 
show a sensitivity of ~97% and a specificity of ~98% with speciation for 
Plasmodium vivax at 95.5% and Plasmodium falciparum at 99%, 
showing superior accuracy when compared with RDTs and microscopists. 
The device is currently commercially available and has achieved sales in 
Africa and India with projected device sales reaching 100 in 2015.

238
UNDERESTIMATION OF ADJUSTED ODDS-RATIO DUE TO 
IMPERFECT DIAGNOSTIC RESULTS AND A PRACTICAL 
CORRECTION APPROACH

Denis Valle, Joanna M. Tucker Lima, Justin Millar, Punam 
Amratia, Ubydul Haque
University of Florida, Gainesville, FL, United States

Logistic regression is a statistical model widely used in epidemiology 
to identify and quantify the effect of potential disease risk factors. 
Although it is acknowledged that imperfect diagnostic tests distort disease 
prevalence estimates, little is known about the impact of imperfect tests 
on adjusted odds-ratios. We derive a first order approximation that 
reveals that imperfect diagnostic test results can lead to substantially 
underestimated effect sizes and overly narrow 95% confidence intervals, 
with important implications regarding the identification of risk factors. To 
overcome this bias, we propose a Bayesian model that explicitly accounts 
for imperfect detection. Using simulations, we show that this method 
can substantially improve upon the results from the standard logistic 
regression. Using malaria data from Bangladesh, we demonstrate how 
the proposed method leads to point estimates that are 1.1 - 23.0 fold 
larger than the corresponding point estimates from the standard logistic 
regression. Our method has the potential for widespread adoption by 
researchers and offer substantial improvements to current modeling 
practice in epidemiology.

239
EMBRACING THE USE OF RAPID DIAGNOSTIC TESTING IN 
MALARIA DIAGNOSIS: EXPANDING ACCESS TO ACCURATE 
DIAGNOSIS

Mercy C. Rop1, Edna Sang2, Diana Menya3, Jeremiah Laktabai3, 
Elizabeth Turner4, Adriane Lesser4, Wendy O’Meara4

1Academic Model Providing Access to Healthcare (AMPATH), Eldoret, 
Kenya, 2Duke Global, Inc., Nairobi, Kenya, 3Moi University, Eldoret, Kenya, 
4Duke University, Durham, NC, United States

Malaria has remained a major public health problem in Kenya despite 
being treatable. Proper diagnosis before treatment is recommended 
as it allows for appropriate patient management. The main diagnostic 
methods available are microscopic examination of stained blood smears 
and Rapid diagnostic tests (RDTs). RDTs have been shown to be effective in 
expanding access to malaria diagnosis to populations with limited access 
to good quality microscopy due to their ease of use and interpretation, 
lower training requirements, and lack of requirements for electricity, 
among others. RDTs have also been shown to have higher sensitivity 
and specificity as compared to routine clinical microscopy. Despite the 
overwhelming support for the use of RDT, there is anecdotal evidence of 
people mistrusting their negative results after an RDT test and thus lack 
of compliance with their results. There are also widespread reports from 
community members and healthcare workers of RDT negative patients 
being found positive by microscopy. Mistrust of negative RDT results could 
be a result of limited prior experience with RDT as well as discrepancies 
between results of microscopy and RDTs and hence the uncertainty about 
the accuracy of results. In Kenya, there have been no reports of the 
perceptions of RDTs and adherence to RDTs since their roll-out in 2011. 
Here we will present baseline data from 1300 households in two malaria-
endemic areas in western Kenya collected in preparation for the roll out of 
Community level subsidized RDT and ACTs. We will report the uptake of 
diagnostic testing for fevers, and people’s self-reported confidence in the 
results of their test, stratified by type of test (microscopy vs. RDT). We will 
also compare reported confidence in the test to actual treatment decisions 
taken amongst malaria-positive and malaria-negative patients. The findings 
will enable us to evaluate the need to delve further into understanding 
the level of knowledge, experiences, acceptance and opinions about 



72

astmh.org

the use of RDTs for malaria diagnosis in the population. These findings 
have important consequences for the success of community-based case 
management for malaria.

240
ASSESSING THE PERFORMANCE OF THREE HRP2 BASED 
RAPID DIAGNOSTIC TESTS FOR THE DIAGNOSIS OF 
MALARIA IN CENTRAL GHANA

Dennis Adu-Gyasi, Sabastina Amoako, David K. Dosoo, Nicholas 
Amoako, Love Ankrah, Samuel Kofi Tchum, George Adjei, Kwaku 
Poku Asante, Seth Owusu-Agyei
Kintampo Health Research Centre, Kintampo North, Ghana

Rapid Diagnostic Tests (RDTs) could give False-negative results which 
present a greater challenge which may lead to delay in the initiation of 
treatment. We evaluated the diagnostic accuracy of hrp2 based RDTs with 
pLDH using microscopy as gold standard and to possibly detect parasites 
with hrp2 deleted genes. The cross-sectional study randomly consented 
and enrolled 754 participants from the two major public hospitals in 
the middle-belt of Ghana. Blood samples obtained were screened for 
malaria using the three types of hrp2 based RDT from CareStart and 
SD Bioline. Ethical clearance was given by KHRC IEC. A prevalence of 
39.1% of malaria using microscopy was recorded. There were 28.6% 
(215/752) males and 71.4% (537/752) females with the Mean(SD) age 
of 21.4(17.8) years. Compared to microscopy the Sensitivity, Specificity, 
Positive-Predictive-Value, Negative-Predictive-Value and the ROC were 
98.2%, 66.5%, 82.6%, 95.6% and 0.82 for CareStart Hrp2, 98.2%, 
66.5%, 82.6%, 95.6% and 0.82 for CareStart Hrp2/pLDH and 98.2%, 
69.2%, 84.2%, 96.0% and 0.84 for SD Bioline RDTs. All three RDTs 
used recorded 1.8% (5/281) false negative results. In conclusion, the 
diagnostic performance of the three HRP2 based RDTs according to the 
WHO criteria was excellent. There have been extensive report of malaria 
parasite infections caused by strains with hrp2 deleted gene. The brands 
of RDTs which target pLDH of malaria parasites could hopefully enable 
practitioners identify patients infected with parasites strains with hrp2 
gene deletion; kits which are only hrp2 based will miss. The kits with the 
added pLDH could identify infections which are current and also those 
infections which persist as a result of treatment failure. There is however a 
decrease in specificity which could result from the persistence of hrp2/hrp3 
proteins even weeks after effective treatment of malaria.

241
USING THE EMERGENCY TRIAGE ASSESSMENT AND 
TREATMENT (ETAT) APPROACH TO REDUCE MORBIDITY 
FROM SEVERE MALARIA IN CHILDREN UNDER 5 IN 
HOSPITALS IN BENIN

Inoussa Akadiri1, Fortune Dagnon1, Gilbert Andrianandrasana2, 
Pablo Aguilar3, Ramine Bahrambegi3, Joseph Carter4

1ARM3/MCDI, Cotonou, Benin, 2ARM3/MCDI, Arlington, VA, United 
States, 3MCDI, Silver Spring, MD, United States, 4ARM3/MCDI, Silver 
Spring, MD, United States

The ARM3 consortium, led by Medical Care Development International 
(MCDI) and funded by United States Agency for International 
Development/PMI, supports the Government of Benin (GOB) in improving 
malaria health outcomes in accordance with the National Malaria Control 
Plan (NMCP), including the reduction of malaria-associated mortality by 
70%. In Benin, most hospital deaths among children <5 occur within 24 
hours of admission because the waiting period before consultation. In 
an effort to reduce severe malaria case fatality rate of under 5 children 
arriving at reference hospitals, ARM3 rolled-out the Emergency Triage 
Assessment and Treatment (ETAT) approach, developed by the World 
Health Organization, in 25 hospitals (beginning with 12 in July 2013, 
Phase 1, and 13 additional hospitals in April 2014, Phase 2). Through 
learning sessions based on the “Collaborative Approach to Health Care 

Improvement” methodology, the 25 hospitals trained health workers on 
ETAT implementation including: (1) conducting a review of ETAT indicators; 
(2) evaluating implementation of ETAT at each site; (3) identifying best 
practices and lessons learned for dissemination; (4) updating databases; 
and (5) developing a 3-month action plan for each site. ARM3, the 
DSME, and national/departmental NMCP conducted monthly data quality 
validation of the targeted indicators in order to assess each hospital’s 
performance. After one year of ETAT implementation, for hospitals in 
Phase 1, the % of children under 5 evaluated upon arrival at hospitals, 
increased from 3.4% to 95%, and the adherence rate to ETAT standards 
rose from 10% to 78%. For hospitals in Phase 2, after 6 months of 
implementation, the ratio of adherence to severe malaria guidelines 
rose from 50.2% to 82.2 % and the case fatality rate of severe malaria 
declined from 5.9% to 4.8%. The ETAT approach has shown positive 
results in 25 hospitals and the ARM3 project will continue to work with 
the MOH and the NMCP to train additional health workers on ETAT in 
Benin. ARM3 will also work with the GOB to ensure that sufficient ETAT 
supplies are available at health facilities and that HR policies are designed 
to reduce turnover of health workers trained on ETAT.

242
MONITORING OF QUALITY OF RAPID DIAGNOSTIC TESTS IN 
SENEGAL, 2007-2014

Ibrahima Diallo1, Moustapha Cisse1, Medoune Ndiop1, Alioune 
Badara Gueye1, Mamadou Lamine Diouf1, Babacar Faye2, Mady 
Ba1

1Senegal National Malaria Control Program, Dakar Fann, Senegal, 2Service 
de Parasitologie Faculté de Médecine UCAD, Dakar Fann, Senegal

In 2007, the Senegal National Malaria Control Program introduced rapid 
diagnostic tests (RDTs) to improve the quality of malaria case management. 
RDTs have been deployed in all health facilities in the country and at 
the community level. To ensure the quality and reliability of RDTs used 
in Senegal, a quality control system was implemented with the support 
of WHO / FIND / TDR. The Parasitology Laboratory at Universite Cheikh 
Anta Diop achieved accreditation as a reference laboratory for RDT 
quality control in 2009. Upon receipt of RDTs in country, lot samples 
are collected systematically and sent to the Parasitology Department of 
UCAD. Following the WHO protocol for the quality control of RDTs, a 
visual inspection is carried out and the sensitivity of the RDTs assessed 
according to results with samples of known parasite densities of 200 
parasites /µl, 2000 parasites /µl, and negative control. From 2007 to 2014, 
800 RDTs from 100 lots of two brands of HRP-2 based RDTs were tested, 
100 RDTs annually upon reception in country. Sensitivity against both at 
2000 parasites /µl and 200 parasites /µl was 100%, and specificity against 
negative controls was 100%. During these years, 500 RDTs from 60 lots 
were collected from health facilities around Senegal after variable time 
under field storage conditions, and also exhibited 100% sensitivity against 
2000 parasites /µl and 200 parasites /µl knowns, and 100% specificity 
against negative controls. In 2014, problems were noted at the operational 
level with evaporation of solvent (buffer) in the individual bulbs in unit 
kits of RDTs after 18 months in storage conditions in the field, despite the 
confirmation of the quality of the RDTs at reception. This phenomenon 
has not been observed with the buffer bottles in kits of 25 tests. After 
this quality control, it is recommended that a systematic control of RDT 
lots at the reception at central level and every 6 months for the lots at 
the peripheral level as temperature and storage conditions vary from 
one zone to another. Finally inspections at the peripheral level should be 
strengthened to ensure good storage conditions for RDTs.
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FIELD-BASED QUALITY MONITORING OF MALARIA RAPID 
DIAGNOSTIC TESTS IN RESOURCE-LIMITED SETTINGS: 
EXPERIENCE FROM UGANDA

Bosco B. Agaba1, Alex Ojaku2, Elizabeth Streat3, Anthony Nuwa4, 
Peter Okui1, Seraphine Adibaku2, Hope Ninsiima5

1Department of Disease Control, Malaria Program, Kampala, Uganda, 
2Uganda Malaria Research Center, Kampala, Uganda, 3Malaria Consortium 
Africa Regional Office, Kampala, Uganda, 4Malaria Consortium Uganda, 
Kampala, Uganda, 5Mulago National Referral Hospital, Kampala, Uganda

Rapid Diagnostic Tests were introduced in Uganda as alternative diagnostic 
tool for malaria. Quality of Rapid Diagnostic Tests can deteriorate and 
requires monitoring under field setting. Positive control wells are in in 
advanced field trials but there are early concerns about their feasibility, 
application across varying endemicity and potential to increase the unit 
cost of Rapid Diagnostic Tests. In this high transmission remote setting, 
we piloted the use of locally prepared control blood samples and the 
use of sentinel sites expert microscopy for field monitoring of malaria 
Rapid Diagnostic Tests. Fresh blood samples were collected, prepared and 
characterized into high and low positive parasitemia and clear negative. 
The known blood controls were used to check the quality of sampled RDTs 
directly on site at the selected health facilities and communities across five 
districts. Additional testing was done with expert microscopy at sentinel 
sites. Monitoring of RDTs was done quarterly and integrated into the 
district-based routine supervision. Data on RDT performance, sensitivity 
and specificity was analyzed using SPSS version 12. Rapid Diagnostic 
Tests maintained an average accuracy of 98.8 % against standard known 
control blood samples. Sensitivity and specificity of RDTs against expert 
microscopy of blood smears at sentinel-sites was 94.5% and 84.3% 
respectively. The use of locally prepared known control blood samples 
and comparison with expert microscopy of blood smears at sentinel-sites 
is feasible and could potentially provide simple, effective, low-cost and 
sustainable alternative Quality monitoring system for Rapid Diagnostic 
Tests in resource limited and remote field settings.

244
FIELD ASSESSMENT OF PLASMODIUM FALCIPARUM 
DRIED TUBE SPECIMENS UNDER AMBIENT TEMPERATURE 
CONDITIONS IN BENIN

Michael Aidoo1, Saliou Ramani2, Suzanne Powell1, Yves Eric 
Denon3, Peter Thomas4

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
2Ameliorating Malaria Morbidity and Mortality (ARM3)-Benin, Cotonou, 
Benin, 3Malaria Control Program, Ministry of Health Benin, Cotonou, 
Benin, 4Centers for Disease Control and Prevention-President’s Malaria 
Initiative Benin, Cotonou, Benin

Quality control of malaria rapid diagnostic tests (RDTs) remains a challenge 
due to the lack of positive and negative control standards to monitor test 
quality and health worker performance. Dried Plasmodium falciparum 
parasite samples prepared as dried tube specimens (DTS) have been shown 
to be suitable as quality control samples for RDTs and are stable under 
refrigeration (4oC) and ambient temperature conditions in Ethiopia. A 
field assessment to test the stability of DTS under temperature conditions 
typical of tropical Africa, and to assess the utility of DTS for proficiency 
testing in Benin was conducted. Briefly, reactivity of replicate DTS samples 
containing 0, 500 and 1000 parasites/µl stored at 4°C at a reference 
laboratory (RL); Laboratoire du service des explorations diagnostique, 
Cotonou, were compared to reactivity of aliquots of the same samples 
stored at ambient temperatures at two health facilities (HFs); St. Michel 
health Center, Cotonou 5 and Ayelawadje Health Center Cotonou 2/3, 
where maximum and minimum temperatures were recorded once daily 
during July 2014 to January 2015. DTS testing was performed at 0, 4, 
8, 12, 16, 20 and 24 weeks with each DTS tested on duplicate RDTs 

stored under manufacturer recommended temperatures at the RL and 
on RDTs stored under site-specific conditions at the two HFs. DTS were 
reactive at all time points irrespective of storage conditions. However, at 
20 and 24 weeks, DTS stored under ambient conditions at the two HFs 
rehydrated poorly and relative band intensities observed by eye on RDTs 
were about 4-fold less compared to similar DTS stored at 4oC in the RL. 
Health worker testing of 4 vials of DTS with reactivity blinded to the health 
workers provided an opportunity to observe and address incorrect testing 
procedures. These data suggest that in sub-Saharan climates such as 
Benin’s, DTS should be stored under refrigeration for optimal, prolonged 
stability and DTS is a useful tool for improving health worker performance 
of malaria RDTs in Benin.

245
DO ANTIBODIES TO PLASMODIUM FALCIPARUM HISTIDINE-
RICH PROTEIN 2 (HRP2) INFLUENCE THE RESULTS OF HRP2-
BASED DIAGNOSTIC ASSAYS?

Diane Wallace Taylor1, Naveen Bobbili1, Isabella A. Quakyi2, Rose 
G. Leke3

1University of Hawaii, Honolulu, HI, United States, 2University of Ghana, 
Accra, Ghana, 3University of Yaoundé I, Yaoundé, Cameroon

 Plasmodium falciparum Histidine-Rich Protein 2 (HRP2)-based assays 
have become valuable tools in the diagnosis and control of malaria. 
Although these assays have high sensitivity and specificity, false-negative 
and -positive results do occur. One speculation for misdiagnosis is that 
antibodies (Ab) to HRP2 might interfere with assay results. Surprisingly, 
no comprehensive study on Ab to HRP2 has been reported. This study 
sought to identify Ab to HRP2 and assess their prevalence, isotype and 
avidity. We reasoned that Ab to HRP2 would be 1) present in exposed, but 
not non-exposed, individuals, and ii) increase in titer with exposure (age). 
A bead-based multiplex assay was used to measure Ab to recombinant 
HRP2, and MSP1, MSP2 & MSP3 for comparison. Monoclonal Ab 2G12 
that recognizes the central repeat sequence DAHHAADAHH of HRP2 
(present in all isolates) and 1E1-A9 (to YAHHAHHA in 99.3% of isolates) 
were used to optimize the HRP2 assay. Titers of 1:100,000 and 1:1,000 
were obtained, showing rHRP2 was appropriately coupled to the beads. 
As expected, high levels of IgG to the 3 merozoite antigens were detected 
in plasma from 100 Cameroonian adults living in a high transmission 
area, but not in 100 US unexposed controls. Unexpectedly, the frequency 
distribution curves were essentially identical for exposed and unexposed 
adults for IgG to HRP2. Further results showed no increase in IgG Ab to 
HRP2 with age using 120 plasma samples of Cameroonians living in a 
high transmission area aged 5 to 80 years. Avidity of IgG to HRP2 was 
equivalent in exposed and unexposed individuals. To detect IgM to HRP2, 
81 samples from slide-positive children & adults were screened. A small 
difference in IgM reactivity to HRP2 in plasma from malaria-infected and 
healthy US controls was observed, but it was unclear if the increase was 
due to high background or IgM to HRP2. Overall, these results failed to 
conclusively detect Ab to HRP2. Theories as to why Ab to HRP2 might not 
be present in malaria-infected individuals will be discussed.

246
USE OF MALACHITE GREEN-LAMP FOR THE DETECTION OF 
MALARIA PARASITES IN FIELD STUDIES

Naomi W. Lucchi1, Dragan Ljolje2, Luciana Flannery2, 
Venkatachalam Udhayakumar1

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
2Atlanta Research and Education Foundation, Decatur, GA, United States

Molecular tools are increasingly being considered for detecting sub-
microscopic infection of malaria parasites in active surveillance programs 
and research studies. The current molecular diagnostic tools include the 
nested PCR, real-time PCR and LAMP isothermal assay. The LAMP assays 
are more amenable for use in limited laboratory settings than other PCR 
methods as they do not require a thermal cycler to run the test. Different 
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groups have described the LAMP assay performed using specialized 
equipment platforms which, unfortunately, reduces the versatility of the 
LAMP technique for large scale field application. In order to overcome 
this limitation, we describe the use of the malachite green (MG) dye as a 
visual endpoint read out for the LAMP assay. Three primers sets to detect 
Plasmodium (pan species), P. falciparum and P. vivax were tested. The 
MG-LAMP assay was performed in a 40-well mini-heat block (<$300) and 
0.04% MG dye was added to the amplification master mix prior to the 
amplification. Parasite DNA obtained by QIAGEN extraction method was 
used. The assay was run for 1 hour after which the tubes were removed 
and kept at room temperature for 10 minutes before being scored. Positive 
reaction was indicated by the retention of the light blue/green color and 
negative reaction was indicated by colorless reaction mixture. Samples 
were scored by three independent readers. The sensitivity and specificity 
of the MG-LAMP was determined using 397 clinical samples. The MG-
LAMP assay results were compared to a real-time PCR assay (PET-PCR) as a 
reference test. The sensitivity/specificity of the genus MG-LAMP assay was 
shown to be 99.2%/88% and that of P. falciparum and P. vivax assays 
was shown to be 98.8%/99.2% and 94.7%/99.1% respectively. The inter-
rater agreements for the three primers were 0.896 for genus, 0.969 for P. 
falciparum and 0.956 for P. vivax. This report describes the MG-LAMP 
assay as an affordable, sensitive and scalable field colorimetric molecular 
assay for malaria parasite detection that can be further evaluated as 
a high-throughput tool for the assessment of infections in endemic 
countries.

247
QUANTITATIVE GLUCOSE-6-PHOSPHATE 
DEHYDROGENASE(G6PD) BIOSENSOR ANALYZER FOR THE 
POINT-OF-CARE TEST WITH CAPILLARY BLOOD

Chiun Ryu
ACCESSBIO KOREA Inc., Seoul, Republic of Korea

Accurate G6PD activity measurements are required to identify and treat 
vivax or ovale malaria patients with glucose-6-phosphate dehydrogenase 
(G6PD) deficiency. This is because if such patients take 8-aminoquinoline 
antimalarials like primaquine or tafenoquine, they may experience acute 
hemolysis anemia by oxidative stress from the drugs. To this end, we 
have developed the CareStartTM G6PD biosensor analyzer for point-of-
care test of the quantitative measurement of G6PD enzyme activity in 
the whole blood using an electrochemical method. In our recent clinical 
evaluation in Ethiopia, capillary blood samples (n=60) were collected from 
adults to compare the performance of the biosensor analyzer to that of a 
quantitative spectrophotometric method. The result showed no significant 
difference between these two methods (paired test-test, t=0.02, 
p=0.9855). The total enzyme activities ranged from 25.2 to 157.8 and 
21.1 to 134.5 (U/dL blood) for spectrophotometric method and biosensor 
analyzer, respectively. In the meantime, the average of the total G6PD 
enzyme activity was 65.6 (U/dL blood) for both methods. The distribution 
of the G6PD activity was similar in two methods when two cut-offs (35 
and 70 U/dL blood) of the G6PD activity were applied. For example, 
5 persons (8.3%) were blow 35 in both methods; 35 (58.3%) and 37 
persons (61.6%) were between 35 to 70; 20 (33.3%) and 18 persons 
(30.0%) were above 70 U/dL blood of G6PD activity in spectrophotometric 
and bioanalyzer method, respectively. The dimension of the system is 
62x118x30(mm) with 98g of weight without two AAA alkaline batteries 
for the operation. The range of G6PD activity measured by the biosensor 
is 0 - 300 U/dL using 5μl blood. Up to 1,000 test results can be stored in 
the analyzer and the data is downloadable to a PC. The analyzer can be 
operated between 10 - 40 °C and 10 - 90 % relative humidity. The strip 
for the system can be stored at 2 - 40 °C for 2 years. The CareStartTM 
G6PD biosensor analyzer is an accurate and convenient point-of-
care alternative to the spectrophotometric method for quantitative 
measurement of G6PD activity in whole blood.

248
WHAT IS AN OPTIMAL TREATMENT DEFINITION FOR 
QUANTITATIVE MOLECULAR DIAGNOSIS OF ERYTHROCYTE-
STAGE PLASMODIUM INFECTION IN CONTROLLED HUMAN 
MALARIA INFECTION CLINICAL TRIALS?

Sean C. Murphy1, Glenda Daza1, Ming Chang1, Lisa Shelton2, 
Sebastian Mikolajczak2, Ashley Vaughan2, Stefan Kappe2, James 
Kublin3

1University of Washington Medical Center, Seattle, WA, United States, 
2Seattle Biomedical Research Institute, Seattle, WA, United States, 3Fred 
Hutchinson Cancer Research Center, Seattle, WA, United States

Controlled human malaria infection (CHMI) studies allow for safe 
evaluation of the tolerability and efficacy of experimental drug and vaccine 
candidates. Subjects are monitored through clinical and laboratory follow-
up, including traditional use of Giemsa-stained thick blood smears (TBS) 
and more recent use of nucleic acid tests (NATs) like PCR and reverse 
transcription PCR (RT-PCR). NATs allow the detection and quantitative 
measurement of peripheral parasitemia 2-6 days earlier than microscopy. 
With increased sensitivity, NATs afford CHMI studies the opportunity to 
forego the traditional approach of domiciling subjects during the malaria-
associated symptom stage (typically 8-18 days post-CHMI) and follow 
subjects on an outpatient basis. We sought to develop a NAT-based 
definition of positive infections warranting curative treatment following 
CHMI that would (a) minimize both malaria-associated symptoms and any 
associated medical risk to subjects and (b) ensure that study efficacy data 
could be depended on to make go/no go decisions about the experimental 
products under investigation. We retrospectively analyzed TBS, RT-PCR 
and clinical records from several previous CHMI studies. The historical 
difference between time-to-positivity (TTP) for RT-PCR (analytical sensitivity 
20 para/mL) vs. TBS was 3.9 days (95%CI 3.4-4.4 d). Based on this data, 
we evaluated how well various ‘treatment thresholds’ in asymptomatic 
patients would have performed. Using a threshold of two positive RT-
PCR results (one per day) including 1 or more results of >250 parasites/
mL, subjects would have been treated for breakthrough infection 2.8 
days (95%CI 2.4-3.2 d) earlier than when using a traditional TBS-based 
threshold. With this threshold, most subjects would be expected to be 
treated before developing malaria-related symptoms. We have now 
conducted prospective CHMI studies guided by this treatment threshold 
that corroborate these predictions. We advocate that CHMI centers 
develop consensus guidelines for NAT-based treatment thresholds and for 
monitoring the adequacy of treatment.

249
ASYMPTOMATIC MALARIA DETECTION BY LOOP-MEDIATED 
ISOTHERMAL AMPLIFICATION DURING THE DRY SEASON IN 
KEUR SOCÉ, SENEGAL

Babacar Faye1, Xavier C. Ding2, Aminata Collé Lô1, Aminata Lam1, 
Jaco Batalaho1, Magatte Ndiaye1, Jean-Louis Ndiaye1, Khadime 
Sylla1, Iveth J. González2, Oumar Gaye1

1Service de Parasitologie, Faculté de Médecine, Université Cheikh Anta 
Diop, Dakar, Senegal, 2Foundation for Innovative New Diagnostics, 
Geneva, Switzerland

Submicroscopic malaria infections in asymptomatic carriers are considered 
to be an increasing source of malaria transmission in areas of decreasing 
endemicity and are, by nature, extremely difficult to identify and treat. 
Senegal has achieved a drastic reduction in malaria prevalence over the 
past 10 years, moving from more than 1.5 million cases in 2006 down 
to less than 300’000 in 2014 (80% reduction), and is likely to be facing 
significant residual transmission caused by such asymptomatic infections 
before elimination can be achieved. We evaluated the prevalence of 
asymptomatic malaria infections in the area of Keur Socé (Sudano-Sahelian 
region of Senegal, low transmission) during the dry season (March 2015). 
To that end, we screened a large population (n=1’250) of asymptomatic 
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adults for the presence of Plasmodium parasites using loop-mediated 
isothermal amplification (LAMP) reactions performed on-site. Around 
of 4% of the screened individuals were found to be asymptomatic 
Plasmodium carriers (n=49, prevalence=3.9%) using Loopamp™ 
MALARIA Pan Detection Kits. Positive samples were further tested using P. 
falciparum specific LAMP reactions (Loopamp™ MALARIA Pf Detection 
Kit) and 30 (65.3%) of these were found to be positive for P. falciparum, 
suggesting that a large fraction (34.7%) of the asymptomatic infections 
detected are caused by non- P. falciparum species. Confirmation of 
LAMP results by nested PCR (nPCR) and parasitemia determination by 
quantitative PCR are pending. Based on previous studies, it is expected 
that the limit of detection, sensitivity and specificity of LAMP reactions 
will be close to that of nPCR. Importantly, the ability to perform LAMP 
reactions on-site allowed us to inform study participants of their infection 
status within 36 hours after sample collection and to ensure the adequate 
provision of antimalarial treatments to the identified asymptomatic carries. 
These results suggest that LAMP is a sensible approach to overcome the 
limited sensitivity of microscopy and rapid diagnostic tests for screen-and-
treat interventions.

250
QUALITY ASSESSMENT OF MALARIA DIAGNOSTICS 
IN VIETNAM WITH POTENTIAL IMPACT ON MALARIA 
ELIMINATION OPERATIONS

Awalludin Sutamihardja1, Phuc T. Nguyen2, Dung K. Vu2, Van T. 
Nguyen2, Hang B. Hoang2, Phu H. Nguyen2, Xa X. Nguyen2, Anh 
Q. Nguyen2, Duong T. Tran2, Nicholas Martin3, Thang D. Ngo2, 
Maciej Boni4, Andrew A. Lover1, Colin Ohrt1

1University of California, San Francisco, Hanoi, Vietnam, 2National 
Institute of Malariology, Parasitology and Entomology, Hanoi, Vietnam, 
3Naval Medical Research Centre - Asia, Singapore, Singapore, 4Nuffield 
Department of Medicine, University of Oxford, Oxford University Clinical 
Research Unit, Wellcome Trust Major Overseas Programme, Ho Chi Minh 
City, Vietnam

Accurate malaria diagnosis is essential for malaria elimination operations. 
In Vietnam, microscopy is the standard of care for malaria diagnosis, 
with front-line microscopists conducting initial testing at commune-
based clinics and rechecks conducted two or three times at higher levels. 
Rapid diagnostic tests (RDTs) are now being rolled out to areas where 
microscopy is not available, where presumptive treatment was previously 
the standard of care. Quality assurance programs are in place in Vietnam 
for malaria microscopy to promote accuracy, quality and validity. We 
conducted assessments of malaria diagnostics in Phu Yen and Quang 
Tri Provinces, Vietnam. We randomly selected slides that had been cross 
checked to be reread again by WHO-qualified readers. Proficiency tests 
were conducted to assess the competency of microscopists working at 
each level. Laboratory performance was assessed using a WHO checklist. 
Results: The rereading of 654 negative slides revealed that in the routine 
malaria microscopy there were 14 (2.14%) false negative slides (3 
Plasmodium falciparum, 10 P. vivax, 1 both species). Results from 
rereading of additional negative and all the positive slides, as well as RDT 
assessments, are on-going. The assessment of proficiency of 21 cross 
checker microscopists was 94.0% and 97.9% for sensitivity and specificity, 
respectively, while their species accuracy was 77.6%, P. falciparum 
sensitivity was 88.8%, and counting accuracy was 58.1%. The sensitivity 
and specificity for 13 front-line microscopists were 85.6% and 95.6% 
respectively, while their species accuracy was 68.5%. On-site visits revealed 
that laboratories assessed had no standard operating procedures or bench 
aids. Conclusions: Vietnam has a fully functioning malaria microscopy cross 
checking system with quality output. Still, false negative diagnostic results 
may hamper malaria elimination operations. In addition, mathematical 
modeling tools will be employed to investigate the benefit of malaria 
microscopy and RDTs, as well as estimate the potential danger of false 
negative diagnostic results in elimination settings.

251
INTENSIFIED CASE FINDING IN RESOURCE LIMITED SETTINGS 
USING VILLAGE-BASED STRATIFICATION: LESSONS FROM 
ANN TOWNSHIP, RAKHINE STATE, MYANMAR

Soy Ty Kheang
University Research Co., LLC, Bethesda, MD, United States

In 2013, Myanmar reported more than 333,800 confirmed malaria cases, 
however, the estimated burden of malaria is closer to 2.6 million suspected 
cases annually. Lack of a strong surveillance system and poor public health 
infrastructure contribute to the large discrepancy between the estimated 
number of cases and the number of reported cases. Malaria case burden 
has not been systematically used in Myanmar for planning or prioritizing 
malaria control activities in resource limited settings. Active case detection 
or temporary screening points by mobile outreach teams have been 
included in malaria case management activities in an effort to identify 
hidden malaria burden and provide malaria services in remote areas far 
from formal health facilities. These activities have incurred significant costs, 
in part due to the remote locations. The Control and Prevention of Malaria 
(CAP-Malaria) Project has implemented a village-based strategy (VBS) for 
intensified case detection (ICD) in an effort to identify and prioritize hidden 
malaria hotspots while trying to control costs. By introducing the VBS-ICD 
in Ann Township, CAP-Malaria was able to reallocate resources and better 
target malaria hotspots resulting in the identification of almost double 
the number of positive cases (October 2014 - March 2015) compared 
to the previous year. In Rakhine State, total contribution of malaria case 
burden from Ann Township increased from 55% to 75% among identified 
positive malaria cases (2,542 cases), compared to the previous year. The 
national program uses village micro-stratification which takes into account 
ecological information (e.g. topology and vegetation) and distance from 
health facilities, however, this information is not used as part of evidence-
based programming and implementation. CAP-Malaria’s experience has 
shown other factors, including malaria burden, can help to improve village 
malaria stratification allowing for improved results from intensive case 
detection efforts.

252
ANTIMALARIAL ACTIVITY AND INHIBITION OF THE 
HEMOZOIN FORMATION BY CHLOROQUINE-ANALOGUES

Anna C. Aguiar1, Mario Meneghei2, Antoniana Krettli1
1Centro de Pesquisas René Rachou, Belo Horizonte, Brazil, 2Universidade 
Federal de Alagoas, Maceió, Brazil

Several studies have shown the high resistance of Plasmodium 
falciparum to chloroquine and other aminoquinolines used as traditional 
antimalarials, making the search for new drugs urgent. The aim of this 
study was to evaluate the in vitro activity of six chloroquine analogs 
(4-aminoquinoline derivatives) against P. falciparum, using resistant (W2 
clone) and sensitive parasites (3d7 strain) by Sybr green method. The 
citotoxicity was determined against monkey kidney cells (BGM) by neutral 
red assay, and the selectivity index (SI) calculated (a ration between MDL50 
and IC50). The possible mechanism of action of chloroquine analogues 
was also studied in vitro using hemozoin formation assay. All of the 
evaluated compounds were obtained in good yields and were active in 
vitro against resistant (IC50 of 7 to 212 ng/mL ) and sensitive parasites 
(IC50 of 16 to 373 ng/mL) not presenting cross resistance, besides that 
they were not toxic with SI up to 7652. Two of the 4-aminoquinoline 
derivatives, named CEQ and DAQ, received spatial atencion. CEQ is an 
aminoquinoline containing just a simple -(CH2)2- spacer and a NH2 final 
group. DAQ has a C≡C group in lateral chain and NEt2 as final group. 
Both compounds were tested in vivo against P. berghei and were 
active, reducing the parasitemia around 90% until the day 11 after the 
infection and increasing significantly the animal survival in comparison 
with untreated control. Four chloroquine analogs inhibited significantly the 
in vitro hemozoin formation, in a dose-response manner, at doses lower 
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than CQ. The results suggest that these aminoquinolines seem represent 
promising alternatives for the treatment of chloroquine-resistant malaria, 
and act on a crucial point of the parasite.

253
AKB9785 PRESERVES TIE2 PHOSPHORYLATION AND 
DECREASES ACUTE LUNG INJURY IN AN EXPERIMENTAL 
MALARIA MODEL

Kevin R. Barker1, Sarah H. Higgins1, Ziyue Lu2, Kevin G. Peters3, 
Kevin C. Kain2

1University Health Network/The University of Toronto, Toronto, ON, 
Canada, 2University Health Network, Toronto, ON, Canada, 3Aerpio 
Therapeutics, Cincinnati, OH, United States

Malaria-induced acute lung injury (ALI) carries a high fatality rate despite 
the use of potent antimalarial therapies and optimal supportive care. 
Therapies targeting the underlying pathophysiology of ALI in malaria may 
be required to further improve clinical outcome. The angiopoietin-tyrosine 
kinase 2 (Ang-Tie2) signalling pathway is a key regulator of vascular 
integrity and emerging evidence indicates that disruption of Ang-Tie2 
axis contributes to the development of ALI. AKB9785 is a phosphatase 
inhibitor that selectively inhibits vascular endothelial-phosphotyrosine 
phosphatase (VE-PTP)/HPTPβ, a receptor tyrosine phosphatase expressed in 
endothelial cells that negatively regulates Tie2 activation. We hypothesise 
that the use of AKB9785 as an adjunctive therapy will significantly improve 
survival, reduce vascular leak and decrease ALI in the Plasmodium 
berghei ANKA (PbA) model. C57BL/6 mice infected with 1x106 PbA-
infected erythrocytes received either 25 mg/kg AKB9785 or vehicle control 
q8h subcutaneously starting three days post-infection until sacrifice. 
IgM and total protein concentration were measured in bronchoalveolar 
lavage fluid (BALF) as a marker of vascular integrity, and Evans blue assay 
(EBA) in the lungs as a marker of vascular leak at baseline and day 6/7 
post-infection. Biomarkers of endothelial activation/dysfunction were 
determined in the lung tissue and plasma. IgM was significantly reduced 
(p=0.0194, Mann-Whitney U test) and survival improved (p=0.0027, Log-
rank test) in AKB9785 treated mice compared to controls. We will report 
additional measures of ALI in this model and in an additional murine 
model using angiopoietin-1 deficient mice, to test the hypothesis that 
Ang-1-Tie2 activation contributes to vascular integrity and ALI prevention. 
In conclusion, AKB9785 significantly improved survival and shows evidence 
of reduced pathological vascular leak associated with ALI in PbA-infected 
C57BL/6 mice. These findings suggest that targeting the Tie2 pathway 
with selective VE-PTP inhibitors could be used as adjunctive therapy for 
SM/ALI.

254
ASSESSMENT OF ACIDOSIS PROFILE IN PATIENTS WITH 
SEVERE MALARIA USING INNOVATIVE TECHNIQUE

Natthida Sriboonvorakul1, Natchanun Leepipatpiboon2, 
Sasithon Pukrittayakamee1, Kanet Wongravee2, Soparat 
Yutavorasit2, Yaowalark Sukthana3, Nicholas P.J. Day4, Niklas 
Lindegardh4, Nicholas J. White4, Arjen M. Dondorp4, Joel Tarning4

1Department of Clinical Tropical Medicine, Faculty of Tropical Medicine, 
Mahidol University and Mahidol-Oxford Tropical Medicine Research Unit, 
Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand, 
2Department of Chemistry, Faculty of Science, Chulalongkorn University, 
Bangkok, Thailand, 3Department of Protozoology, Faculty of Tropical 
Medicine, Mahidol University, Bangkok, Thailand, 4Mahidol-Oxford Tropical 
Medicine Research Unit, Faculty of Tropical Medicine, Mahidol University 
and Centre for Tropical Medicine, Nuffield Department of Clinical 
Medicine, University of Oxford, Bangkok, Thailand

Acidosis is an important cause of mortality in severe falciparum malaria. 
A simultaneous bio-analytical method for qualitative and quantitative 
assessment in plasma of eight small organic acids potentially contributing 
to acidosis in severe malaria was developed and validated. High-

throughput strong anion exchange solid-phase extraction in a 96-well 
plate format was used for sample preparation. Hydrophilic interaction 
liquid chromatography (HILIC) coupled to negative mass spectroscopy 
was utilized for separation, detection and quantification. Eight possible 
small organic acids; L-lactic acid (LA),α-hydroxybutyric acid (aHBA), 
β-hydroxybutyric acid (bHBA), p-hydroxyphenyllactic acid (pHPLA), malonic 
acid (MA), methylmalonic acid (MMA), ethylmalonic acid (EMA) and 
α-ketoglutaric acid (aKGA) were analyzed simultaneously using a ZIC-
HILIC column. This method was validated according to U.S. Food and 
Drug Administration guidelines with additional validation procedures for 
endogenous substances. LC-MS acid concentration profiles in relation to 
clinical parameters of three groups; severe malaria (n=141), uncomplicated 
malaria (n=87) and healthy (n=68) were analyzed by pattern recognition 
analysis to compare, classify and predict unknown samples. The results 
of principal component analysis (PCA) showed that four acids (LA, aHBA, 
bHBA and pHPLA) have more significant discriminant power than other 
four, thus they all considered. In addition, PCA result showed that healthy 
could be classified from malaria completely with variance of three first PCs 
(73.11, 15.41 and 7.84%, respectively), however severe could not classify 
from uncomplicated completely. Linear discriminant analysis (LDA) model 
indicated excellent sensitivity and specificity for identification of malaria 
and healthy which are both (100%) in cross validated prediction. However, 
the result indicated fair sensitivity (65%) and good specificity (91%) for 
identification of severe and uncomplicated in cross validated prediction. 
This innovative technique could be useful tool for the assessment of 
acidosis in patients with severe malaria.

255
DRUG-DRUG INTERACTIONS BETWEEN PRIMAQUINE 
AND SSRI/SNRI ANTIDEPRESSANTS: IMPLICATIONS FOR 
PRIMAQUINE CO-ADMINISTRATION WITH CYP 2D6 
INHIBITORS

Xiannu Jin, Brittney Potter, Chau Vuong, Thu-lan Luong, Lisa Xie, 
Jing Zhang, Ping Zhang, Jennifer Nelson, Patricia Lee, Jason Sousa, 
Qigui Li, Lisa Read, Brandon Pybus, Mara Kreishman-Deitrick, 
Philip Smith, Robert Paris, Gregory Reichard, Sean Marcsisin
Walter Reed Army Institute of Research, Silver Spring, MD, United States

The antimalarial activities of primaquine and other 8-aminoqinoline 
molecules are directly dependent upon bio-activation through CYP 2D6 
metabolism. Factors that would reduce an individual’s ability to metabolize 
primaquine through the CPY 2D6 pathway such as CYP 2D6 poor 
metabolizer status and/or co-administration of drugs that inhibit the CYP 
2D6 enzyme activity could reduce anti-malarial activity and exacerbate 
drug-related toxicities. In the present study, the inhibitory potential of the 
selective serotonin reuptake inhibitor (SSRI) and serotonin norepinephrine 
reuptake inhibitor (SNRI) classes of antidepressants for CYP 2D6 mediated 
primaquine metabolism was assessed using in vitro and in vivo drug 
metabolism and pharmacokinetic assays. The SSRI/SNRI classes of drugs 
displayed a range of inhibitory activities on CYP 2D6 mediated metabolism 
of primaquine in vitro (IC50 1-94 µM). Fluoxetine and paroxetine were 
the most potent inhibitors (IC50 ~ 1µM) of CYP 2D6 mediated primaquine 
metabolism, while desvenlafaxine was the least potent (IC50 ~ 94 µM). 
The in vivo inhibition of CYP 2D6 mediated metabolism of primaquine 
was also assessed in vivo using a primaquine pharmacokinetic study. 
The pharmacokinetic profile of primaquine was assessed alone or after 
co-administration of paroxetine. Co-administration of paroxetine with 
primaquine significantly increased liver concentrations, and area under 
the curve values for primaquine. This can likely be attributed to decreased 
CYP 2D metabolism as reflected by the decreased clearance (CL/F) for 
primaquine when co-administered with paroxetine. The results indicate 
that caution should be exercised with concomitant use of primaquine with 
SSRI/SNRI antidepressants and/or other CYP 2D6 inhibitors as the clinical 
implications in the context of anti-malarial activity for these interactions 
are unknown.
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256
HIT TO LEAD OPTIMIZATION OF THE APICOPLAST-
TARGETING ANTIMALARIAL AGENT MMV008138

Zhong-Ke Yao, Priscilla M. Krai, Emilio F. Merino, Morgan E. 
Simpson, Carla Slebodnick, Maria B. Cassera, Paul R. Carlier
Virginia Tech, Blacksburg, VA, United States

Compounds that target isoprenoid biosynthesis in Plasmodium 
falciparum could be a welcome addition to malaria chemotherapy, 
since the methylerythritol phosphate (MEP) pathway used by the parasite 
is not present in humans. Through a phenotypic rescue screen of 400 
compounds in the publicly available Malaria Box, we determined that 
only one of the compounds (MMV008138) is toxic to P. falciparum 
by inhibiting isoprenoid biosynthesis. Since the relative and absolute 
stereochemistry of this compound was not known, we prepared all four 
stereoisomers. The active stereoisomer of MMV008138 was found to be 
(1R,3S)-; none of the other stereoisomers had significant growth inhibitory 
activity. Structure variation was then carried out to interrogate the effect of 
D-ring substitution and isosteric replacement of the carboxylic acid group, 
resulting in compounds possessing improved drug-like character.

257
PHARMACOKINETICS AND PROPHYLACTIC EFFICACY OF 
NANO- AND MICRO-PARTICLE DECOQUINATE SUSPENSION 
FOLLOWING SINGLE INTRAMUSCULAR INJECTION IN MICE

Qigui Li, Lisa Xie, Diana Caridha, Qiang Zeng, Jing Zhang, Ping 
Zhang, Chau Vuong, Brittney Potter, Jason Sousa, Sean Marcsisin, 
Lisa T. Read, Mark R. Hickman
Walter Reed Army Institute of Research, Silver Spring, MD, United States

Prophylactic efficacy and pharmacokinetics (PK) were examined 
following single intramuscular (IM) depot formulation of decoquinate 
(DQ) suspension injected into mice infected with Plasmodium berghei 
sporozoites. DQ nano- and micro-particles suspended in an oily vehicle to 
retard drug release is suitable for long-term malaria prophylaxis. PK studies 
in normal animals and antimalarial efficacy in liver-stage malaria mice 
were conducted at various IM-DQ doses for 2, 4, 6, or 8 weeks prior to 
infection with P. berghei sporozoites. The liver stage efficacy evaluation 
was monitored by using an in vivo imaging system (IVIS). Full causal 
prophylaxis was shown in mice with a single IM dose of nanoparticle DQ 
(0.42 µm) at 120 mg/kg for 2-3 weeks and with microparticle DQ (8.31 
µm) at 120 mg/kg lasted 8 weeks prior to inoculation. The 120 mg/kg IM 
dose with the two formulations was shown to be the minimal prophylactic 
dose required to provide full causal prophylaxis of malaria sufficient for 
a period of 2-8 weeks. A significant increase in the elimination half-life 
of the microparticle DQ formulation (1,447 hrs.) was achieved compared 
to that of the nanoparticle DQ (524 hrs.). Similarly, the AUC of the 
microparticle IM-DQ formulation in plasma was observed to be 17,609 
ng·h/ml, which is double the AUC observed for the nanoparticle IM-DQ 
(8,465 ng·h/ml) at the same single 120 mg/kg dose administered to 
both animal groups. Body clearance results indicated that the CL/F in the 
animals treated with nanoparticle DQ was14.28 L/hr/kg, which is twice as 
fast as the clearance observed in animals treated with the microparticle 
DQ formulation (6.82 L/hr/kg). PK/PD evaluations have demonstrated 
the minimal inhibitory concentration (MIC) of DQ to provide full causal 
prophylaxis in mice infected with P. berghei sporozoites is 5.12 ng/mL. 
The microparticle IM-DQ formulation provided a longer and more constant 
DQ release in the plasma, which resulted in a 2.4 fold longer drug 
exposure time above MIC. The prophylactic effect of the microparticle 
formulation observed in mice was shown to be 3-4 times longer than the 
nanoparticle DQ.

258
PLASMODIUM FALCIPARUM EQUILIBRATIVE NUCLEOSIDE 
TRANSPORTER 1 INHIBITORS KILL MALARIA PARASITES IN 
CULTURE

Roman Deniskin, Yvett Sosa, Deborah Egbo, IJ Frame, Avish Arora, 
Myles H. Akabas
Albert Einstein College of Medicine, Bronx, NY, United States

The Plasmodium falciparum Equilibrative Nucleoside Transporter Type 1 
(PfENT1) was hypothesized to be a potential target for novel antimalarial 
drugs. Malaria parasites are purine auxotrophs, incapable of de novo 
purine biosynthesis. They import purine precursors from the host and 
modify them through the purine salvage pathway to generate the 
purine nucleotides needed for RNA and DNA synthesis and other cellular 
metabolic processes. PfENT1 is the primary purine import transporter. 
Previous studies showed that PfENT1-knockout parasites are not viable 
in culture at purine concentrations found in human blood (< 10 μM). 
Based on these results, we and others had hypothesized that PfENT1 
inhibitors might represent therapeutic leads for the development of novel 
antimalarial drugs. We developed a robust yeast-based high throughput 
screen to identify PfENT1 inhibitors. We screened a 64,500 compound 
library and identified 171 hits. Nine of the best hits, representing five 
distinct chemotypes, inhibited [3H]adenosine uptake by PfENT1-expressing 
yeast and by red blood cell free trophozoite stage parasites with IC50 values 
in the 5-50 nM concentration range. These nine compounds inhibited 
parasite proliferation in culture in the 5-50 μM concentration range, but 
were not cytotoxic for yeast (Frame, Deniskin et al., (2015) ACS Chem 
Biol. 10(3):775-83). We now show that these nine compounds are highly 
selective for PfENT1 compared to the human ENT1 and human facilitated 
nucleobase transporter. The compounds are parasitocidal after 24 hours 
of exposure in culture. The compounds also inhibit the P. vivax ENT1 
transporter and known non-synonomous single nucleotide polymorphisms 
from field isolates of PfENT1 and PvENT1. These results support the 
hypothesis that PfENT1 is a promising potential target for the development 
of novel antimalarial medicines. The compounds we have identified are 
potential therapeutic leads for antimalarial drug development.

259
TRANSLATIONAL PLATFORMS TO INVESTIGATE 
ANTIMALARIAL DRUG COMBINATIONS

John N. Haselden, Francisco-Javier Gamo
GlaxoSmithKline, Tres Cantos (Madrid), Spain

During recent years there has been considerable success in the 
identification and progression through to early clinical testing, of novel 
antimalarial drug candidates. Accordingly there is an increasing need 
to evaluate clinically a burgeoning portfolio of potential drugs that 
could ultimately be used to eradicate malaria. Given that historically 
most new treatments sooner or later are overcome by the ability of the 
parasite to develop resistance, the concept of a combination therapy of 
complementary drugs as a treatment regimen is becoming increasingly 
attractive. Such an approach affords a new antimalarial, protection 
against the emergence of resistance thereby ensuring continued utility 
in the broader population potentially for many more years. The strategic 
direction proposed here is the alignment of the readouts from in vitro 
and ex vivo assays with correlative data from our mouse model of 
Plasmodium falciparum malaria, which already has proven clinical 
translational ability. To that end we are establishing quantitative readouts 
of drug-treated parasites to monitor accurately effects on both the viability 
of parasites and clearance by the host. This system can be implemented 
with different P. falciparum strains to study precisely the effect of 
combinations, not only in standard strains but also in parasites with well-
characterized resistance to parent drugs. We anticipate that information 
generated across these platforms will create the foundations upon which 
future antimalarial combination regimens will be based, and provide an 
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opportunity for the evaluation of clinically-relevant combination regimens 
as alternative route for clinical progression. Details on the strategy as well 
as preliminary results of initial stages will be presented.

260
COMPARATIVE EMBRYOTOXICITY OF DIVERSE ANTI-
MALARIAL COMPOUNDS USING RAT WHOLE EMBRYO 
CULTURE AND THE APPLICATION OF THE SCREEN IN LEAD 
IDENTIFICATION FOR DISEASES OF THE DEVELOPING WORLD 
MOLECULES

Pablo Castaneda-Casado1, Elena Jimenez-Navarro1, Alison 
James2, John Haselden1, Stephanie Gresham3, Sharon Robinson3, 
Paul Bushdid2

1GlaxoSmithKline R&D, Tres Cantos, Spain, 2GlaxoSmithKline R&D, 
Philadelphia, PA, United States, 3GlaxoSmithKline R&D, Ware, United 
Kingdom

 Malaria is a major health problem and a serious global health threat. In 
2008, there were 247 million cases of malaria and nearly 1 million deaths 
(World Health Organization, 2011). The frequency and severity of infection 
is greatest in pregnant women. The increased susceptibility creates a 
problem as many of the anti-malarial drugs available on the market today 
are teratogenic. TB is second only to HIV as the leading infectious killer 
of adults worldwide. It is among the three greatest causes of death of 
women aged 15-44 and is the leading infectious cause of death among 
people with HIV/AIDS. Kinetoplastid diseases are a group of infections 
caused by different parasites: sleeping sickness (caused by Trypanosoma 
brucei), leishmaniasis (caused by Leishmania spp) and Chagas (caused 
by Trypanosoma cruzi). Over 30 million people get infected resulting 
in over 120,000 deaths world-wide annually.GSK is striving to develop 
new medicines for Diseases of the Developing World with reduced risk 
for adverse embryo-foetal outcomes. The early screening of potential 
candidate molecules using rat whole embryo culture (rWEC) will allow for 
an informed selection of compounds for further development. To support 
this strategy six marketed anti-malarials were assessed for their potential to 
induce teratogenicity. The results demonstrated that the rWEC can detect 
development defects induced by marketed anti-malarials and is a suitable 
platform for screening compounds in discovery. It has subsequently been 
used to support the candidate selection of molecules across the disease 
areas and clarified if the findings were related to target or chemical 
structure and supported the preclinical study plan to support inclusion of 
WCBP in clinical studies.

261
CHARACTERIZATION OF PLASMODIUM FALCIPARUM-
INFECTED ERYTHROCYTE ADHESION TO HOST RECEPTORS 
AND IDENTIFICATION OF EFFECTIVE ANTI-ADHESION 
MOLECULES TO PREVENT THIS INTERACTION USING ATOMIC 
FORCE MICROSCOPY

Olga Chesnokov, Shalondria Sears, Ewa P. Wojcikiewicz, Andrew 
V. Oleinikov
Florida Atlantic University, Boca Raton, FL, United States

Anti-adhesion adjunct therapy aimed at preventing P. falciparum-
infected erythrocyte (IE) adhesion to host receptors might be of great 
benefit in the effective treatment of severe malaria. Currently, adhesion 
of IE to host receptors in vitro is often characterized using static plate 
adhesion assays. While useful at identifying interactions, these assays 
do not provide insight into the biophysical properties that underlie the 
IE/host receptor interactions. These can differ significantly among host 
receptors, thus their characterization is integral toward the development 
of tailored anti-adhesion therapy. We demonstrate here that single cell 
force spectroscopy (SCFS) can be used to measure detachment force 
and work required for de-adhesion between individual living IE cells and 
host receptors. In addition, this approach can be utilized to characterize 

various anti-adhesion molecules, including antibodies and small molecules, 
which effectively disrupt IE/host receptor interactions. We have recently 
identified a number of anti-adhesion molecules using a two-step high 
throughput approach , as reported previously. In this work we confirmed 
and characterized their anti-adhesion activity using SCFS. Our results 
demonstrate that SCFS can be effectively used for detailed biophysical 
characterization of the IE-host receptor interactions including effects of 
anti-adhesion molecules at the single-cell level. 

262
IN VIVO EFFICACY OF JPC-3210 AND PARTNER DRUGS FOR 
MALARIA ERADICATION USING THE RODENT-PLASMODIUM 
BERGHEI MODIFIED THOMPSON TEST WITH AN EXTENDED 
FOLLOW-UP PERIOD

Arba L. Ager1, Merita Aviles1, Richard Boodoo1, John W. 
Anderson2, Gavin D. Heffernan2, Peter E. Krasucki2, Kurt W. 
Saionz2, Guy A. Schiehser2, Hong-Ming Shieh2, Wenyi Zhao2, 
Geoffrey W. Birrell3, Marina Chavchich3, Michael D. Edstein3, G. 
Dennis Shanks3, Laura R. Jacobus2, David P. Jacobus2

1University of Miami Miller School of Medicine, Miami, FL, United States, 
2Jacobus Pharmaceutical Co., Inc., Princeton, NJ, United States, 3Australian 
Army Malaria Institute, Enoggera, Australia

The aminomethylphenol, JPC-3210 is being developed as a potent long 
acting schizontocide to be used in combination with other antimalarial 
agents for the treatment of malaria infections and possibly to support 
malaria elimination programs. In the modified Thompson test using 
a three day twice daily administration, the lowest dose required to 
obtain 100% cure at day 30 was 2 mg/kg/day for JPC-3210, 4 mg/
kg/day for pyronaridine and 16 mg/kg/day for piperaquine. The blood 
elimination half-lives of JPC-3210, pyronaridine and piperaquine in mice 
are relatively lengthy at 125 h, 79 h and 197 h, respectively. When the 
modified Thompson test was extended by an additional 30 days, parasites 
reappeared in both JPC-3210 and piperaquine treated groups. Most of the 
parasites observed were male or female gametes. The pyronaridine group 
remained slide negative out to day 60. Subinoculation studies with blood 
from all three treatment groups at day 60 into naïve mice are currently 
ongoing to evaluate the development of recrudescent infections. When 
JPC-3210 was co-administered with the gametocytocidal drug primaquine, 
the reappearance of parasites out to day 60 day was prevented despite 
the short elimination half-life of primaquine (1.8 h) in mice. Additionally, 
we plan to evaluate whether artesunate, dihydroartemisinin, or methylene 
blue will influence the development of late parasitemia. The 60 day test 
systems will also be extended to include lumefantrine and mefloquine. Our 
conclusion is that the modified Thompson test with a 60 day follow-up 
period should be used to assist in the selection of new antimalarial drug 
combinations for the treatment and elimination of malaria.

263
RICE FARMERS’ WILLINGNESS TO PAY FOR MALARIAL 
VECTOR LARVAL SOURCE MANAGEMENT: THE CASE OF 
RUHUHA COMMUNITY IN EASTERN RWANDA

Alexis Rulisa1, Chantal Ingabire1, Emmanuel Hakizimana1, Fred 
Kaatera1, Michele Van Vugt2, Leon Mutesa3, Luuk Van Kempen4

1Rwanda Biomedical Center, Kigali, Rwanda, 2University of Amsterdam, 
Amsterdam, Netherlands, 3University of Rwanda, Kigali, Rwanda, 
4Radboud University Nijmegen, Nijmegen, Netherlands

This study is part of an action research project that aims to eliminate 
malaria in the community of Ruhuha in southeastern Rwanda. A study 
component has recently established that rice farming in the area creates 
significant malaria risk, which is in line with earlier work that documents 
this link in various settings. So far, none of the interventions that have 
been proven to be effective in tackling rice farming-induced mosquito 
breeding sites have been implemented in Ruhuha. Therefore, the project 
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has decided to use external funds to supports a larviciding intervention 
with Bacillus thuringiensis israelensis (Bti), but for just one rice cultivation 
season (semester). Future interventions will thus depend on co-payment 
of rice farmers and the wider community. The present study, conducted 
prior to Bti application, aims to assess the willingness to pay (WTP) for 
larviciding. Out of 1,914 rice farmers organized into four cooperatives, 
320 farmers were randomly selected to participate in a cross-sectional 
study conducted in January 2015. The maximum WTP was elicitated 
through a contingent valuation exercise using the bidding game method. 
Focus group discussions were held with farmers. The mean WTP was 
US$ 2.2 and US$ 0.5 per farmer per season for lumpsum and per are, 
respectively. The median WTP revelead that 50% of the participants were 
willing to pay at least US$ 1.4 and US$ 0.3 for lumpsum deduction and 
per are, respectively. A multivariate analysis showed that more income 
from rice, a higher starting bid and being cued first on a lumpsum rather 
than a progressive deduction, were significantly associated with higher 
WTP (p<0,05). While acceptability of the intervention appears generally 
high, as witnessed for instance by a stated willingness to invest (non-
compensated) labor time in applying Bti once it is established that it is 
effective in reducing malaria incidence, the WTP levels reported can only 
cover one fourth (1/4) of the full intervention cost (US$ 9 for lumpsum and 
US $ 1,8 per are). To fill this gap, financing models need to be developed 
to support rice farmers and their communities to increase the sustainability 
of the intervention.

264
MOLECULAR EPIDEMIOLOGY OF MALARIA TRANSMISSION 
IN VHEMBE DISTRICT, LIMPOPO PROVINCE, SOUTH AFRICA

Shehu S. Awandu1, Jaishree Raman2, Jandeli Niemand1, Philip 
Kruger3, Taneshka Kruger1, Braam Louw1, Lyn-Marie Birkholtz1

1University of Pretoria, Centre for Sustainable Malaria Control, 
Pretoria, South Africa, 2National Institute for Communicable Diseases, 
Johannesburg, South Africa, 3Limpopo Malaria Control Program, Limpopo, 
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Malaria remains one of the most devastating parasitic infections, 
contributing to mortality and morbidity on the African continent. However, 
for the past decade, massive international efforts have resulted in 
reducing the number of annual malaria deaths globally. Certain countries 
have moved from malaria control to attempt to achieve elimination of 
the disease within their borders. Malaria transmission in South Africa is 
seasonal with low transmission densities (<1/1000 risk population). This, 
in addition to well-managed malaria control programmes, led to the 
shift in focus towards implementation of malaria elimination strategies, 
aimed at achieving zero cases of malaria transmission by 2018. However, 
currently, only malaria incidence data in terms of blood stage parasite 
load is readily available for South Africa, with data on the transmissible 
gametocyte forms of these parasites and its carriage in the population 
limited. Whilst the first is important in malaria control strategies, in the 
situation of aiming towards malaria elimination, it is imperative that data 
on transmittable forms of the parasite is available. This will guide, monitor 
and assess the success of elimination strategies. This study is therefore 
quantifying the Plasmodium species and gametocyte carriage in the 
population through cross sectional surveys at health facilities, communities 
and farms using sensitive molecular technologies. The study has a four-
tiered analysis profile, including molecular detection of parasite infections 
(and simultaneous speciation thereof), analysis of molecular markers for 
drug resistance of all positive samples followed by genetic barcoding as 
an indication of clonality and origin of infection. The findings of this study 
will help in identifying the source of persistent malaria transmissions and 
informing evidence based policy changes involving the deployment of e.g. 
primaquine and targeted interventions in South Africa in support of the 
malaria elimination agenda.

265
COMPARATIVELY ASSESSMENT OF THE EFFICACY OF 
DIFFERENT FORMATS OF DISPENSING THE IFAKARA 
SYNTHETIC MOSQUITO LURE AGAINST MALARIA VECTORS 
IN THE SEMI FIELD SYSTEM

Nancy S. Matowo1, Salum Mapua2, Halfan Ngowo2, Fredros 
Okumu1

1Ifakara Health Institute/University of the Witwatersrand, Dar-es Salaam/
Johannesburg, United Republic of Tanzania, 2Ifakara Health Institute, Dar-
es Salaam, United Republic of Tanzania

The Ifakara odour blend was originally developed and tested by Okumu 
et al. The odour mixture was formulated from various synthetic chemicals 
that mimic the odour from human body emanations including sweat and 
breath that elicit mosquito host-seeking behavior. The Ifakara lure has 
been proven more attractive than actual human odour when placed apart 
but when a human is placed next to the lure, the human remain more 
or squarely attractive to mosquitoes. The initial dispensing mechanism 
of Ifakara blend involved the use of nylon strips (made of 15 denier 
microfibers) that are commonly available. The present study involved a 
semi-field experimental evaluation of different formats of dispensing 
Ifakara synthetic lure against host-seeking mosquitoes. The new Ifakara 
synthetic lure in pellets format, packaged in sachets by Biogents (BG) 
Ltd (Germany), was comparatively evaluated with the nylon strips as a 
means of dispensing the mosquito chemical attractants. The impregnated 
pellets were packed at the required concentrations, either with 4 group 
of compounds (4C) combined or the 9 compounds of separate pellets 
(9C). While the lure in nylon strips was formulated following the original 
procedures by Okumu et al. Carbon dioxide gas generated from yeast 
and molasses fermentation was used to augment the attractiveness 
of the synthetic lure. The evaluation was done using BG-sentinel traps 
developed by (Biogents, Germany). When the BG sentinel trap was baited 
with impregnated pellets (4C), it caught significantly higher number of 
Anopheles arabiensis (RR = 333.15 [149.57-742.08], P < 0.001) than 
un-baited BG trap. Similarly, the significantly number An. arabiensis (RR 
= 329.84 [148.08-734.70], P <0.001) were caught from the BG baited 
with pellets in 9C than un-baited trap. In addition, the BG-trap baited 
with nylon strips caught significantly more number of An. arabiensis (RR 
= 292.66 [131.36-652.00]. We conclude that the new formulation of 
Ifakara lure in pellets (4C/9C formats) may offer a simple and long-lasting 
dispensing mechanism of mosquito odorants to be used in attracting and 
killing, mass trapping or surveillance of mosquito vectors.

266
DEVELOPMENT OF RECYCLE-BASED HOMEMADE SUGAR 
BAITS AGAINST ANOPHELES ARABIENSIS

Frank S. Tenywa1, Adam Saddler2, Marta F. Maia3, Athoman 
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Innovative vector control approaches are needed to reach malaria 
elimination. Ivermectin (IVM) has been proven to kill mosquitoes post 
blood-feeding on treated humans. In this study IVM was incorporated 
into an attractive sugar bait (ASB) made from household waste and 
other recycled materials. The KD90 of IVM in 10% sugar solution against 
Anopheles arabiensis was determined as well as the most attractive 
fruit bait concoction. Floral baits, different prototype designs as well as 
best deployment site for the ASB within a household are under study in 
Bagamoyo, Tanzania. Dose response experiments to determine KD90 of 
IVM against Anopheles arabiensis were done in laboratory conditions. 
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Serial dilutions of IVM in sugar solution were investigated in separate 
cages (30x30x30 cm) . Mosqutoes mortality was observed after 3, 6, 24 
and 48 hours post introduction of the treatments. Fruit bait attractivity 
of 7 different fresh fruit juices were investigated inside 6 large cages 
(1,20x1,20x1,20 cm) placed inside a tunnel. Solutions were marked 
with specific food colouring and the occurence of sugar feeding was 
recorded after 24 hours by squeezing the mosquito abdomens and 
observing the presence or absence of food colouring. Ivermectin proved 
to be toxic against malaria vectors in very low concentrations. Over 90% 
of An. arabiensis were knocked down 48 hours post sugar feeding on 
sucrose solutions containing at least 1‰ IVM. Results from sugar feeding 
preference on different fruits show that An. arabiensis will feed on a 
variety of fruit solutions as well as just water and sugar. No fruit concotion 
proved to be particulary more attractant with mosquitoes prefering 
orange, watermelon and guava over papaya, tomato, mango or banana. 
Further research is on-going with aim of designing a homemade recycled-
based ASB using the knowledge gathered so far.

267
ESTABLISHING NEW LINE OF PLASMODIUM FALCIPARUM 
EXPERIMENTAL CHALLENGE INFECTION CLONAL STRAINS 
IN SUPPORT CONTROLLED HUMAN MALARIA INFECTION 
STUDIES

Redemptah Yeda
Walter Reed Project, Kisumu, Kenya

Malaria remains a significant global health threat to the world’s 
population. With resistance having developed for all classes of drugs and 
no licensed vaccine, there are efforts to develop new and/or improved 
antimalarial drugs and vaccines. The controlled human malaria infection 
(CHMI) model, which is alternate to Phase IIb field studies, is used for 
testing safety and efficacy of new antimalarial drugs and vaccines. 
However, these experimental infections and challenges are mostly done 
using limited number of clones obtained > 30 years ago. This limits data 
interpretation because correlation of experimental and natural infections 
might not be obvious because field parasites are highly genetically and 
phenotypically diverse. This study set out to expand the genetic and 
phenotypic diversity of Plasmodium falciparum available for CHMI 
by developing clonal strains from recently obtained field isolates. Forty 
field isolates from different regions in Kenya underwent limiting dilution 
to generate single clones. For each of the 40 parent parasite, 3-10 
clones were obtained generating a total of 212 clones. For genetic 
characterization, 12 microsatellites and 300 SNPs distributed across 
the P. falciparum genome were analyzed. Of the 212 clones, 80 were 
true single clones based on MS and SNPs analysis. Phylogenetic analysis 
revealed close kinship within multiple-genotype from each parasite 
infection. Multi-locus analysis showed matching genotypes within 
individuals up to seven loci combinations, indicating that although clones 
from the same parent have close kinship, they are not identical but have 
diverse genetics. To determine the parasite phenotypic characteristics, 
establishment of IC50 for 18 antimalarials is underway. The infectiousness 
of each clonal line will be established by assessing gametogenesis 
and oocyst/sporozoites production in mosquito. A CHMI study will be 
conducted to assess the ability of these clones to infect human. Highly 
characterized (genetic, in vitro and in vivo) parasites will be deposited 
with Malaria Research and Reference Reagent Resource Center.
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SEVEN YEAR TRENDS OF MALARIA IN ZANZIBAR, 2008-2014: 
A PRE-ELIMINATION SETTING
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Over the last decade, Zanzibar has experienced substantial declines in 
malaria burden. Surveillance of malaria cases can assist with programmatic 
decision making by helping to monitor seasonality, detect hotspots 
of transmission, and identify outbreaks of malaria. This study reports 
seven-year trends of passively detected malaria cases in Zanzibar. Weekly 
malaria data were collected through the malaria early epidemic detection 
system (MEEDS) which transmits aggregate malaria case data via mobile 
phone from public health facilities to a web-based server. Data for patient 
attendance and malaria diagnostic testing results from 2008 to 2014 were 
analysed to investigate trends in malaria burden in a pre-elimination area. 
Between 2008 and 2013, incidence of cases had dropped by 29% in 
Unguja (2,238 vs.1,598) and 50% in Pemba (918 vs. 419), with the largest 
reduction seen in children under 5 years (70% in both Unguja and Pemba). 
Case reports indicate that transmission has changed from perennial 
to highly seasonal, with peak case numbers in May and June. Rainfall 
was associated with increases in malaria cases in Unguja (p<0.001), 
although not Pemba. In Unguja, several stable hotspots of transmission 
were detected in 2010, 2011 and 2013. These hotspots appeared only 
following the long rains. Rainfall was associated with increases in malaria 
cases in Unguja (p<0.001), although not Pemba. Surveillance systems have 
identified substantial decline in malaria burden, changing transmission 
patterns and stable hotspots of transmission, which can now be more 
specifically targeted with intensified interventions.

269
STRATIFYING AND MAPPING MALARIA RISK TO INFORM 
SUB-NATIONAL MALARIA ELIMINATION IN ETHIOPIA
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Although much of Ethiopia remains at risk of malaria, routine surveillance 
data from the last decade have noted declining malaria outpatient 
morbidity and inpatient mortality. Based on this progress, Ethiopia has set 
a new strategic goal of eliminating malaria in select low transmission areas 
by 2020. The annual micro-planning exercise conducted by district malaria 
health officers compiles malaria data from nearly 100% of the 16,013 
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public health facilities. The creation of large numbers of additional primary 
health care facilities, including 13,000 health posts in rural communities, 
was temporally associated with improved access to prompt malaria 
case management, including parasitological confirmation and improved 
surveillance system completeness between 2005 and 2014. Of the 
11,950,186 fever cases reported nationally from July 2012 to June 2013, 
93% underwent laboratory testing. Of the 5,011,418 total malaria cases, 
84% were parasitologically confirmed. Of the confirmed cases, 70% were 
due to Plasmodium larviciding intervention falciparum and 30% due 
to P. vivax. District level annual parasite incidence per 1000 population 
(API) from 835 districts was used to stratify the country into four distinct 
API strata: <1, 1-4.99, 5-99.99, and ≥100. Of the total 84.2 million 
Ethiopians, 33.6 million live in areas considered malaria free (API <1) and 
are not targeted for malaria vector control measures. About 50 million 
(60%) live in malaria transmission risk areas (API>1), generally located at 
elevations below 2,000 meters. Of those living in malaria risk areas, 14.3 
million people (29%) live in high transmission areas (API≥100), 26.5 million 
(53%) live in moderate transmission areas (API 5-99.99) and 9.2 million 
(18%) in low transmission areas (API 1-4.99). High transmission areas 
were largely on the western border with South Sudan and Sudan, whereas 
large clusters of low transmission areas were concentrated in Somali and 
Oromia Regions. Identification of districts with API between 1-4.99 and 
mapping of these districts will inform the selection of low transmission 
districts or clusters of districts appropriate for additional pre-elimination 
and elimination activities.
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A CLUSTER-RANDOMIZED TRIAL OF TARGETED CONTROL TO 
ELIMINATE MALARIA IN CENTRAL SENEGAL: MAIN RESULTS 
IN YEAR 2
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Jules Gomis1, Ousmane Sy1, Cheikh Sokhna2, Jean Gaudart3, Clare 
Flach4, Ousmane Faye1, Oumar Gaye1, Paul Milligan4
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Targetting foci of malaria transmission may be more effective in reducing 
transmission than if the same effort is expended in blanket control 
measures, and has the potential advantage of limiting selection for 
resistance. The purpose of this trial was to evaluate the extent to which a 
targetted malaria control strategy combining vector control with indoor 
residual spraying (IRS) and chemotherapy, delivered by district health 
staff to hotspot villages, can reduce the transmission of malaria in low 
endemic areas. The trial will also determine whether, as part of this 
strategy, chemotherapy should be delivered to all members of targetted 
communities (MDA, Mass Drug Administration) or only those who have 
been tested and are known to be infected (MSAT, Mass Screening and 
Treatment). In 30 clusters, all households in hotspot villages were targetted 
to receive IRS with Actellic 300CS in July, followed, in 15 clusters, by 
MDA with dihydroartemisinin-piperaquine (DHA-PQ) administered to 
all persons in the household in September and again in October. In the 
other 15 clusters, instead of MDA, all persons in the household were 
screened using a malaria RDT and those who tested positive treated with 
DHA-PQ. 10 clusters served as controls. Interventions were delivered 
over two years (2013 and 2014), and the primary outcomes were the 
incidence of malaria, and the prevalence of parasitaemia just after the 
main peak period of transmission, in year 2. In each intervention arm, 
about 80,000 persons were enrolled each month in each year. In 2014, 
parasite prevalence was 1% in September (cluster range: 0.05% to 
5%), and 0.99% in October (cluster range: 0.03% to 5.2%). A survey 
was done four days after MDA and MSAT to assess adherence and to 
ask about side-effects. Side-effects were reported by 20% (117/599) in 
September and 15% (91/598) in October, but with excellent adherence to 
the regimen. Indirect effects of the interventions on transmission will be 

assessed by comparing between the trial arms the incidence of malaria in 
non-targetted areas in each cluster. Total effects (direct + indirect) will be 
evaluated by comparing overall incidence.
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RANDOMIZED TRIAL IN RURAL SENEGAL
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In areas of low and patchy transmission, it is hypothesized that targeting 
residual hotspots can cost-effectively eliminate malaria. We conducted a 
three-arm, cluster-randomized controlled trial in an area of low, patchy, 
and highly seasonal transmission in rural Senegal over two malaria 
seasons in 2013-14. Health posts (n=46) serving approximately 320,000 
people were randomized into 40 clusters: one of two multi-component 
hotspot strategies (n=15 clusters each) or control (n=10 clusters). In both 
intervention strategies, hotspot villages were identified and community 
health workers (CHWs) offered residents indoor residual spraying (IRS) in 
July each year. In September and October, CHWs again conducted door-
to-door visits in hotspot villages in the intervention arms; in one arm, they 
offered mass screening and treatment (MSAT) with rapid diagnostic tests 
(RDTs) and dihydroartemisinin-piperaquine (DHA-PQ) and in the second 
arm, they offered mass drug administration (MDA) with DHA-PQ. In all 
three arms, health promotion encouraged care seeking for fever and 
health posts provided enhanced case management, including RDT testing 
and for positive cases, treatment with antimalarials and provision of a 
long-lasting insecticide-treated bed net. Based on detailed micro-costing, 
we report the incremental financial and economic cost per recipient of 
each of the 6 intervention components: hotspot identification, promotion 
of care-seeking, IRS, MDA, MSAT, and enhanced case management. We 
use a decision analytical model to assess the cost-effectiveness of each of 
the three strategies from a societal perspective based on intention-to-treat 
including hotspot and non-hotspot villages and present the incremental 
cost per malaria case averted and per disability-adjusted life-year averted. 
We explore uncertainty with univariate and probabilistic sensitivity analysis 
illustrated with cost-effectiveness acceptability curves and the cost-
effectiveness plane. The relative costs of the six malaria interventions and 
the efficiency of alternative elimination strategies constitute important 
considerations for policy makers.
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EFFICACY OF ACTELLIC® 300 CS (PIRIMIPHOS-METHYL) 
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In central-western Senegal, scaling-up of control measures has been 
effective in reducing malaria incidence, but additional measures are 
now required to eliminate the disease. However, widespread resistance 
to currently used insecticides threatens the effectiveness of bednet and 
IRS (Indoor Residual Spraying) programmes. In 2013 and 2014, as part 
of a large-scale cluster randomized trial of a targetted control strategy, 
we evaluated the duration of efficacy of Actellic® 300CS, a capsular 
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formulation of pirimiphos methyl, when used for IRS. IRS with pirimiphos 
methyl was delivered to all households in malaria hotspot villages by 
spray-teams of community health workers (CHWs) who were trained and 
supervised by staff of the Public Health department. Each year, efficacy 
was assessed over 7 months in 5 villages. In each village, 5 treated rooms 
were selected and untreated rooms used as controls. Bioassays were 
performed on each of 3 walls in each room, to measure knock-down 
and 24-hour mortality of lab-reared Anopheles gambiae and of locally-
caught wild strains. In 2014 steps were taken to improve the training and 
supervision of CHW sprayers and the duration of efficacy measured in the 
same way as in 2013. In 2013, 24-hour mortality (adjusted for control 
mortality using Abbott’s formula), two months after spraying, was 92% 
, decreasing to 72% after 3 months, and 37% after 4 months. Mortality 
at 7 months was 48%. In 2014, the 24-hour mortality was 97%, 97%, 
82%, 76% after one, two, four and seven months respectively. In all 
villages, vectors were highly sensitive to carbamates (bendiocarb) and 
organophosphates (pirimiphos-methyl) in both years (24-hour mortality 
rates 98% and 100%). These results showed that IRS with Actellic® 
300CS was highly effective but the duration of efficacy depends on the 
quality of spraying.
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SOCIAL AND CULTURAL FACTORS INFLUENCING PREGNANT 
WOMEN’S ADHERENCE TO ANTIMALARIAL TREATMENT IN 
RURAL GAMBIA

Fatou Jaiteh
Medical Research Council, The Gambia, Banjul, Gambia

Non-adherence to antimalarial treatment in pregnancy has been identified 
as a major barrier to malaria control efforts. There is limited evidence 
on the cultural and contextual factors that influence adherence to anti-
malarial treatments in pregnancy. This study aims to understand these 
factors by exploring community perceptions on pregnant women’s 
adherence to their antimalarial treatment in a rural area of The Gambia.A 
qualitative ethnographic study was conducted in three villages in the 
Upper River Region of The Gambia from June to July 2014. Data collection 
included semi-structured interviews and participant observation, which 
included informal conversations . Interview transcripts and field notes 
were entered, coded and analysed using NVivo Version10. In-depth semi-
structured interviews were conducted with 30 participants, which included 
women of reproductive age (n=15), mothers-in-law (n=5), husbands 
(n=4) and health workers (n=6). Adolescent girls and older women were 
more likely to delay revealing their pregnancies to health workers. For 
adolescents, delayed disclosure of pregnancy was linked to feelings of 
awkwardness and social shyness. For older mothers, delayed disclosure 
of pregnancy was associated with their social role and position. Delayed 
disclosure of pregnancy was indicated as an influence on women’s views 
regarding the importance of treatment adherence. In general, women 
indicated having insufficient information on treatment efficacy and the 
possible side effects of antimalarial medication. Mothers in-laws were 
identified as influencing pregnant women’s non-adherence to malaria 
medication. Husbands were regarded as potential reinforcers to pregnant 
women complying with antimalarial treatment regimens. Culturally 
adapted community-based health information and treatment should be 
targeted at adolescent and older pregnant women who are at risk of being 
isolated from health facility-based education and treatment for malaria in 
pregnancy. Additionally, mothers-in-law and husbands should be included 
in facility and community based health promotion programs targeted at 
pregnant women.
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THE BIOPHYSICAL CHARACTERIZATION OF HRP2 REVEALS 
INSIGHTS TOWARD IMPROVED DIAGNOSTICS FOR 
PLASMODIUM FALCIPARUM MALARIA ELIMINATION
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Malaria programs aimed at eliminating Plasmodium falciparum (Pf) seek 
to incorporate active infection detection strategies to target low density 
infections that could drive low prevalence transmission. Currently available 
immunoassays lack the sensitivity required for active infection detection 
strategies; the limit of detection (LOD) of these rapid diagnostic tests 
(RDTs) is too high to identify all transmissible infections. Malaria infection 
detection tests (IDTs) with a significantly improved LOD would enable more 
effective elimination interventions while retaining the critical advantages of 
low cost, ease of use, and rural deployment. The Pf specific histidine-rich 
protein 2 (HRP2) is a useful biomarker for clinical diagnostics because it is 
specific to current or recent Pf infection, and may be equally effective even 
in the absence of circulating parasites. Thus, improved HRP2 tests are of 
particular significance for stratification of focal mass drug administration 
(FMDA) and focal test and treat (FTAT) malaria elimination tactics. 
However, further characterization of the HRP2 protein is necessary before 
we can fully exploit its potential. Our aim is to facilitate the development 
of improved malaria HRP2 IDTs by thoroughly investigating HRP2 structure-
function relationships and their impact on epitope-antibody interactions. 
The highly polymorphic, low amino acid complexity, and unstructured 
nature of the HRP2 protein makes quantification, optimization, and 
standardization of RDTs challenging. Current HRP2-detecting RDT 
immunoreagents primarily target the Type 2 (AHHAHHAAD) and Type 7 
(AHHAAD) tandem repeat motifs that comprise the most prevalent antigen 
epitope, AHHAADAHHA. Amino acid sequence analysis and biophysical 
characterization of native and recombinant HRP2 constructs including 
quantitative ELISA, biolayer interferometry, and circular dichroism under 
a variety of physiological and clinical test media reveal the impact of 
sequence variations on immunoreagent binding and are useful to guide 
design parameters of highly sensitive Pf malaria HRP2-based IDTs under 
development.

275
UNNEEDED DEATHS: ABOUT MALARIA IN MADAGASCAR

Milijaona Randrianarivelojosia1, Djordje Gikic2, Pascal 
Rajaonarison3

1Institut Pasteur de Madagascar, Antananarivo, Madagascar, 2PIVOT 
Project, Ifanadiana, Madagascar, 3Former Ministry of Public Health, 
Antananarivo, Madagascar

Since 2005, the Malagasy Government has planned to achieve 
malaria elimination in Madagascar. ACT is recommended for treating 
uncomplicated malaria; and insecticide treated bed nets for prevention 
purposes. Financial support from international organizations such as the 
Global Fund to Fight AIDS, Tuberculosis and Malaria; the President Malaria 
Initiatives, UNITAID; UNICEF have given some hope to insuring availability 
and affordability of ACTs. But that has been illusory. The whole strategy 
to combat malaria was never implemented properly in a continuous 
manner. Above all, the Global Fund episodically interrupted funding 
likely following the proven misuse of the funds. In the last five years, 
tens of devastating tropical cyclones hit the country. Political turmoil and 
instability do not allow good management of the public health policies. 
Fatal malaria epidemics occur. We carried out the investigation in the dry 
South; the wetter North-West region both in May 2012 and the rainy 
South-Western in June 2011. Malaria prevalence among villagers was 
25% to 55%. The epidemiological data clearly shows that the number of 
malaria cases is still increasing up to today although some health officials 
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have questioned this increase at that period. Surprisingly, many people 
believe that malaria (locally called tazo) does not kill; but that it is actually 
unknown pathologies with high fever and convulsion that occur and kill. 
So they seek “spiritual care” from traditional healers. Therefore, people 
die of malaria; and also of other infectious diseases. Actually, antimalarial 
drugs are not available in several health centers in rural area. Fighting 
malaria means fighting mortality and morbidity. The number of death 
related to malaria in Madagascar is underreported for many reasons. The 
government support in funding of malaria control is necessary in order to 
increase patients’ access to life-saving intervention to lower the rates of 
malaria and the unneeded deaths related to malaria. We will present more 
data to the alarmingly increasing malaria epidemics in Madagascar, as the 
aftermath due to the failure of the system in this combat against malaria.

276
NON-CHEMICAL TECHNOLOGY FOR INSTANTLY KILLING 
SUSCEPTIBLE AND RESISTANT MALARIA VECTORS THAT BITE 
HUMANS OUTDOORS IN TANZANIA

Salum A. Mapua, Nancy Stephen Matowo, Fredros Oketch 
Okumu
Ifakara Health Institute, Morogoro, United Republic of Tanzania

Long lasting insecticidal net, indoor residual spraying and larval source 
management have been the successful frontline interventions against 
malaria for decades with a major reduction in malaria mortality by 47% 
globally and 54% in Africa. Unfortunately, the major malaria vectors 
have now developed biochemical, physiological and behavioral resistance 
towards most of insecticide related interventions, thus, posing a skeptical 
query on the human protection from the existing insecticidal interventions 
in the near future. A 3 X 3 Latin square comparative study was conducted 
against wild mosquitoes in the Lupiro village located in the south eastern 
part of the rural Tanzania. Three solar-powered mosquito landing boxes 
(MLB) were fitted with modified low-cost commercially available mosquito 
zappers as electrocuting grids. One MLB was fitted with one electrocuting 
grid on one side, second MLB was fitted with two electrocuting grids 
on two sides and third MLB was fitted with three electrocuting grids on 
three sides. The MLBs were baited with synthetic human lure (Ifakara 
lure) and the entire electric system was controlled by water proof light 
sensor, in which the system turns on at dusk and shut off at dawn, thus 
improving the battery life span and providing minimal human supervision. 
A significantly number of mosquitoes were killed by the MLB with two 
or three grids, relative to MLB with one grid (P<0.05). The malaria vector 
An.arabiensis were killed in higher number compared to any other species, 
though the non malaria vectors (i.e. Culex and Mansonia species) number 
also increased as the grid number increase. The non blood fed mosquitoes 
were 99% thus suggesting host seeking status. These findings suggest 
that the biochemical and physiological resistance of outdoor malaria 
vectors can now be tackled in a way that does not augment environmental 
concerns and chances of resistance development. Moreover, a mosquito 
landing box fitted with electrocuting grids can effectively complement the 
existing front line interventions against malaria

277
DEVELOPMENT ASSISTANCE AND GOVERNMENT 
EXPENDITURE FOR MALARIA ELIMINATION

Joseph L. Dieleman, Lavanya Singh, Maxwell Birger, Elizabeth 
Johnson, Annie Haakenstad
Institute for Health Metrics and Evaluation, University of Washington, 
Seattle, WA, United States

In 2010, malaria was the fifth-largest cause of years of life lost globally, 
with approximately 1.2 million deaths attributed to the disease. In parts 
of sub-Saharan Africa, where malaria burden is highest, it is the leading 
cause of death. Despite this ongoing impact, remarkable progress is 
being made towards reducing the incidence and prevalence of malaria. 
To date, 111 countries have eliminated malaria, while another 34 

countries, including China, South Africa, and Argentina, are realistically 
moving toward elimination. However, little is known about how much 
governments and donors spend on the prevention and treatment of 
malaria in these countries. We tracked development assistance for health 
(DAH) and government health expenditure (GHE) for the prevention and 
treatment of malaria. For DAH, we tracked resources from source to 
channel to recipient country or region, focusing on 34 malaria elimination 
countries from 1990 to 2012 and generated projections of malaria DAH 
from 2013 to 2017. For GHE, we use macro-economic, socioeconomic, 
and epidemiological data, as well as expenditure information from the 
World Malaria Reports to estimate the share of domestic government 
health budgets spent on malaria for 1995 through 2012 for 34 countries. 
Analyzing these trends in expenditure exposes which countries and donors 
are prioritizing the elimination of malaria, as well as how funding for 
elimination has evolved over time. A strategic input for ongoing efforts 
to eliminate malaria in the 34 elimination countries, these funding trends 
form the basis for understanding how these and other countries can 
realistically move towards elimination.

278
THE IMPACT OF TARGETED MASS DRUG ADMINISTRATION 
USING DIHYDROARTEMISININ-PIPERAQUINE IN SOUTHERN 
PROVINCE ZAMBIA: INITIAL FINDINGS

Thomas P. Eisele1, Adam Bennett2, Kafula Silumbe3, Timothy 
Finn1, Victor Chalwe4, Mukalwa Kamuliwo5, Busiku Hamainza5, 
Josh Yukich1, Joe Keating1, Richard W. Steketee6, John M. Miller7

1Tulane University, New Orleans, LA, United States, 2University of California 
San Francisco, San Francisco, CA, United States, 3PATH-Malaria Control 
and Elimination Partnership in Africa, Luaka, Zimbabwe, 4University 
Teaching Hospital, Lusaka, Zambia, 5National Malaria Control Centre, 
Lusaka, Zambia, 6PATH-Malaria Control and Elimination Partnership in 
Africa, Seattle, WA, United States, 7PATH-Malaria Control and Elimination 
Partnership in Africa, Lusaka, Zambia

With the recent call for malaria elimination, there is renewed interest 
in mass treatment with highly effective antimalarials to clear parasites 
from the human reservoir to break malaria transmission. A community 
randomized controlled trial of 60 health facility catchment areas was used 
to quantify the effectiveness of 2 rounds of mass drug administration 
(MDA) or focal MDA (fMDA) using dihydroartemisinin + piperaquine 
(DHAp), versus a control of routine prevention and care but no mass 
treatment, in Southern Province, Zambia, an area of endemic malaria 
transmission with high vector control coverage. The study was stratified 
by malaria transmission above and below 10% parasite prevalence. 
All eligible participants in the intervention rounds were tested for P. 
falciparum using an HRP2 rapid diagnostic test (RDT). MDA consisted 
of treating all eligible residents with DHAp in each round (Dec 2014 just 
prior to the rains and Feb 2015 at the beginning of the rainy season), 
irrespective of RDT result. fMDA, conducted simultaneously to the MDA 
rounds, consisted of treating all eligible household members with DHAp 
where anyone in the house tested positive by RDT. Primary outcomes 
included malaria parasite prevalence measured by pre and post cross-
sectional surveys at the end of high transmission season (April-May), and 
malaria infection incidence measured in a cohort of 2,100 individuals 
followed monthly for 12 months; infection status was determined by RDT 
and PCR. The study was powered to detect a 50% reduction in these 
outcomes compared to the control group. The baseline survey showed 
malaria prevalence in children <6 years old to be 8.9% (95% CI: 5.6 - 
12.2%) and 49.9% (95% CI: 40.3 - 59.5%) in low and high transmission 
areas, respectively. The 2 MDA and fMDA rounds reached 287,145 
people, combined, over both rounds (coverage of eligible respondents 
was approximately 80-85%); parasite prevalence decreased from 8.3% 
to 4.6% between rounds at a time when transmission normally rises 
dramatically. The impact of the MDA/fMDA rounds will be presented 
using data from the follow-up survey and from the first 6 months of the 
infection incidence cohort study.
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SCHOOL-BASED TREATMENT WITH ACT TO REDUCE 
TRANSMISSION’ (START-IPT): EVALUATION OF THE 
COMMUNITY IMPACT OF INTERMITTENT PREVENTIVE 
TREATMENT FOR MALARIA IN UGANDAN CHILDREN

Catherine Maiteki1, Samuel Gonahasa1, Simon Peter Kigozi1, 
Christopher Drakeley2, Andrea M. Rehman2, Clare Ir Chandler2, 
Grant Dorsey3, Moses R. Kamya4, Sarah G. Staedke2

1Infectious Disease Research Collaboraton, Kampala, Uganda, 2London 
School of Hygiene & Tropical Medicine, London, United Kingdom, 
3University of California San Fransisco, San Francisco, CA, United States, 
4School of Medicine, Makerere University College of Health Sciences, 
Kampala, Uganda

Intermittent preventive treatment (IPT) for malaria in schoolchildren 
has been shown to benefit individual children, and has the potential 
to decrease malaria transmission at the community level. This cluster-
randomized trial assessed the impact of IPT of malaria in schoolchildren 
with dihydroartemisinin-piperaquine (DP) on community-level clinical 
outcomes and malaria transmission in Jinja, Uganda. A total of 84 
clusters were randomised equally between intervention and control. 
A total of 10,746 children were enrolled in the intervention. Monthly 
IPT with DP was delivered from June-Dec 2014, and up to 6 rounds of 
DP (dosed by weight, 3-day course) were delivered to participants. The 
impact of the intervention was measured by comparing parasitological 
outcomes in community and school surveys pre- and post-intervention, 
and from continuous entomology surveillance. Safety monitoring was 
also conducted. The baseline community survey was carried out from 
Feb-June 2014; 10,033 participants from randomly selected households 
in the 84 clusters were enrolled. Parasite prevalence by microscopy was 
high in community residents (25%), particularly in school-aged children 
(35%), which was confirmed by the baseline school survey (43%). The 
final community survey was conducted in Jan-April 2015, and microscopy 
of samples is ongoing at the time of abstract submission. The final school 
survey was conducted in Nov-Dec 2014; 1092 students were enrolled, 
including 13 students randomly selected from each of the 84 schools, 
and preliminary microscopy results suggest that parasite prevalence was 
much lower in the intervention arm (9%) than in the control (44%), 
crude odds ratio 0.09 (95% CI:0.05-0.17). The entomology survey 
includes 200 households, 5 randomly selected from 40 clusters, and was 
conducted for one year, ending in April 2014. Mosquitoes were collected 
from each house monthly using CDC light traps, and will be analysed to 
estimate sporozoite rate for an effect of the intervention on transmission. 
Full results of the study will be presented and discussed in light of 
implementation challenges to inform chemoprevention and control of 
malaria.
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QUANTITATIVE G6PD TESTING FOR SAFE TREATMENT OF 
PLASMODIUM VIVAX MALARIA WITH 8-AMINOQUINOLINES: 
A POINT-OF-CARE ELECTROCHEMICAL DEVICE

Sampa Pal1, Nicole LaRue1, Maria Kahn1, Pooja Bansil1, Sarah 
McGray1, Gary Hewett2, Matthew Musho3, Micheal Benecky4, 
Gonzalo Domingo1

1PATH, Seattle, WA, United States, 2G6DX Inc, Hayward, CA, 
United States, 3Conductive Technologies, York, PA, United States, 
4GlaxoSmithKline, Raleigh, NC, United States

Currently the only class of drugs that can completely cure a patient of 
Plasmodium vivax parasites (radical cure), thus reducing the risk of 
relapse, are the 8 aminoquinoquinolines such as the registered drug 
primaquine. This class of drugs presents a safety risk to subjects with 
glucose-6-phosphate dehydrogenase (G6PD) deficiency. G6PD deficiency is 
an X-linked disorder that affects more than 400 million people worldwide. 
Moderate to severe, life-threatening hemolytic anemia episodes can 

develop if G6PD-deficient individuals are treated with 8-aminoquinoline 
drugs. This risk represents a major barrier to wide-scale adoption of radical 
cure. Therefore, determination of a malaria patient’s G6PD activity level 
is critically important before 8-aminoquinoline drug therapy. The G6DX 
Diagnostic System uses an electrochemical sensor to make a simultaneous 
quantitative measurement of red blood cell G6PD and hemoglobin in 
whole blood in a point-of-care setting with results available in a minute. 
We describe the proof-of-feasibility of such a test, presenting analytical 
performance data over the critical G6PD activity dynamic range, usability, 
and acceptability data collected in several P. vivax endemic countries. The 
G6DX Diagnostic System is in the research prototype stage and is not yet 
commercially available.

281
RECOMBINANT HUMAN G6PD FOR QUALITY CONTROL 
AND QUALITY ASSURANCE: RESOURCE FOR ROBUST G6PD 
TESTING IN PLASMODIUM VIVAX RADICAL CURE

Maria Khan1, Nicole LaRue1, Marcus Estrada1, Sampa Pal1, Lynn 
Barrett2, Steve Nakazawa Hewitt2, Mitchell Dumais2, Wesley C. 
Van Voorhis2, Gregory Crowther2, Gonzalo Domingo1

1PATH, Seattle, WA, United States, 2University of Washington, Seattle, WA, 
United States

Primaquine is an 8-aminoquinoline based drug that has been available 
for malaria radical cure since the 1950s and currently is used with or 
without glucose-6-phosphate dehydrogenase (G6PD) testing. Good 
medical practice requires that people know their G6PD status prior to 
receiving an 8-aminoquinoline drug. Robust G6PD tests are currently 
under development to meet the needs for radical cure of Plasmodium 
vivax with 8-aminoquionlines. A large gap for the support of point-of-
care G6PD testing is the availability of reagents to support quality control 
(QC) of G6PD products along the supply chain from the manufacturer 
to the end user. While there are reagents and systems to support QC of 
laboratory screening tests, they are not configured in terms of shelf life 
and volumes to support quality assurance (QA) programs for point-of-
care G6PD tests. Feasibility to lyophilize recombinant human G6PD as a 
QC reagent is demonstrated. For calibration of G6PD assays, a standard 
reagent of G6PD was used to create a panel of normal, intermediate and 
severe deficiency, representing 100%, 30% and 10% activity respectively, 
as well as a no-enzyme control. Recombinant G6PD was expressed in 
E.coli and purified and stored at -80°C. Aliquots were thawed and 
combined with mannitol and sucrose in single use tubes and lyophilized. 
After lyophilization, enzyme activity was not altered. Results are presented 
from real time and accelerated stability studies of the lyophilized G6PD 
enzyme. These reagents could support a framework for a sustainable QC/
QA system to support robust point-of-care G6PD testing for Plasmodium 
vivax radical cure.

282
FACTORS THAT ARE ASSOCIATED WITH THE RISK OF 
ACQUIRING PLASMODIUM KNOWLESI MALARIA IN SABAH, 
MALAYSIA: A CASE-CONTROL STUDY

Matthew J. Grigg1, Timothy William1, Chris Drakeley2, Jenarun 
Jelip3, Lorenz von Seidlein4, Bridget E. Barber4, Kimberly M. 
Fornace2, Nicholas M. Anstey4, Tsin W. Yeo4, Jonathan Cox2

1Queen Elizabeth Hospital, Kota Kinabalu, Sabah, Malaysia, 2London 
School of Hygiene & Tropical Medicine, London, United Kingdom, 3Sabah 
Ministry of Health, Kota Kinabalu, Sabah, Malaysia, 4Menzies School of 
Health Research, Darwin, Australia

Plasmodium knowlesi has long been present in Malaysia, and is now an 
emerging cause of zoonotic human malaria. Cases have been confirmed 
throughout South-East Asia where the ranges of its natural macaque 
hosts and Anopheles leucosphyrus group vectors overlap. The majority 
of cases are from Eastern Malaysia, with increasing total public health 
notifications despite a concurrent reduction in P. falciparum and P. vivax 
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malaria. The public health implications are concerning given P. knowlesi 
has the highest risk of severe and fatal disease of all Plasmodium spp 
in Malaysia. Current patterns of risk and disease vary based on vector 
type and competence, with individual exposure risks related to forest and 
forest-edge activities still poorly defined. Clustering of cases has not yet 
been systematically evaluated despite reports of peri-domestic transmission 
and known vector competence for human-to-human transmission. A 
population-based case–control study was conducted from December 2012 
to January 2015 at two adjacent districts in north-west Sabah, Malaysia. 
228 P. knowlesi PCR-confirmed malaria cases presenting to the district 
hospital sites meeting relevant inclusion criteria were enrolled, with three 
community controls matched to the same village as the case selected 
randomly. Study procedures included blood sampling and administration 
of household and individual questionnaires to evaluate potential exposure 
risks associated with acquisition of P. knowlesi malaria. Results from the 
primary per protocol analysis will be presented, with adjusted ORs for 
exposure risks between cases and controls calculated using conditional 
multiple logistic regression models. Secondary outcomes will include 
differences in exposure variables between P. knowlesi and other 
Plasmodium species, risk of severe P. knowlesi malaria, and evaluation of 
P. knowlesi case clustering.
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MEASURING SOCIOECONOMIC INEQUALITIES IN MALARIA 
RISK IN RURAL UGANDA

Lucy S. Tusting1, John C. Rek2, Emmanuel Arinaitwe2, Sarah 
G. Staedke1, Moses Kamya3, Christian Bottomley1, Deborah 
Johnston4, Grant Dorsey5, Steve Lindsay6

1London School of Hygiene & Tropical Medicine, London, United Kingdom, 
2Infectious Diseases Research Collaboration, Kampala, Uganda, 3Makerere 
University College of Health Science, Kampala, Uganda, 4School of 
Oriental and African Sciences, London, United Kingdom, 5University of 
California, San Francisco, San Francisco, CA, United States, 6Durham 
University, Durham, United Kingdom

Relative wealth is an important risk factor for malaria. However, there 
is little consensus on how to measure wealth in malaria studies in rural 
African communities. We evaluated the agreement between six indicators 
of socioeconomic position and assessed their relative performance in 
detecting socioeconomic inequalities in malaria in Nagongera, eastern 
Uganda. Socioeconomic information was collected for all children aged 
six months to ten years living in 100 households, who were followed for 
36 months. Parasite prevalence was measured every three months and 
malaria incidence was determined by passive case detection. Mosquito 
density was measured using monthly light trap collection. Socioeconomic 
position was determined using (1) two wealth indices derived from 
Principal Component Analysis, (2) income, (3) occupation, (4) food security, 
(5) vulnerability and (6) education. Indicators were assessed in terms of 
(1) relative agreement and (2) sensitivity to malaria inequalities. We will 
present the relative agreement between indicators and the association 
between each indicator and human biting rate, malaria infection and 
clinical malaria. We will discuss the most appropriate indicators for 
measuring relative wealth in this setting and the implications for future 
study design.

284
PREVALENCE OF MALARIAL INFECTION AMONG PRIMARY 
SCHOOL CHILDREN IN AN URBAN SETTING IN UGANDA

Ronald Mulebeke1, Adoke Yeka2, Ambrose O. Talisuna3, Bob W. 
Snow3

1School of Public Health, College of Health Sciences, Makerere 
University, Kampala, Uganda, 2School of Public Health, College of Health 
Sciences Makerere University, Kampala, Uganda, 3Malaria Public Health 
Department, University of Oxford-KEMRI-Wellcome Trust Programme, 
Nairobi, Kenya

This study was undertaken to estimate the prevalence and distribution 
of Plasmodium infection and identify local risk factors among school 
children in Kampala the main urban setting in Uganda in order to 
contribute to the national updating of the malaria epidemiology profile. 
Urban malaria is still a problem in Sub-Saharan Africa, contributing up to 
25% of the global burden of malaria among urban dwellers. In Uganda, 
urban malaria is still predicted with least certainty. The prevalence of 
malaria parasitemia in Kampala the biggest urban setting in Uganda was 
5% in 2009. There has been a scale up in malaria control interventions 
since however information is lacking to capture the transitioning 
epidemiology. We conducted school based surveys in Kampala between 
June and August 2014 to estimate the prevalence and distribution of 
Plasmodium infection and identify local risk factors among school 
children in Kampala the capital city of Uganda. A finger-prick blood 
sample was collected for a thick and thin blood smear and children with 
fever had a malaria rapid diagnostic test performed using Para Check-Pf 
device. Participating schools were mapped using hand-held GPS receivers. 
The survey was conducted in 20 primary schools and a total of 2,069 
children aged 5 to 16 years were randomly enrolled. Malarial parasite 
prevalence was 3.04% (95% CI: 0.962-0.977) with P. falciparum as 
the main species. About 42.10% of the children slept under an ITN the 
previous night and 8.36% lived in houses sprayed with IRS in the last 
twelve months. There were no significant predictors of malaria parasitemia 
identified. In conclusion, malarial parasite prevalence has remained low 
in this urban setting. Inexpensive school surveys can be used to monitor 
malaria prevalence to inform transitioning malaria epidemiology.

285
ADAPTIVE GEOSTATISTICAL DESIGNS: OPTIMIZING 
SAMPLING IN DISEASE PREVALENCE MAPPING TO SUPPORT 
TARGETED INTERVENTION STRATEGIES

Michael G. Chipeta1, Dianne J. Terlouw2, Robert McCann3, 
Kamija Phiri4, Peter J. Diggle5

1University of Malawi - College of Medicine and University of Liverpool, 
Liverpool, United Kingdom, 2Liverpool School of Tropical Medicine, 
Liverpool, United Kingdom, 3Wageningen University, Wageningen, 
Netherlands, 4University of Malawi - College of Medicine, Blantyre, 
Malawi, 5Lancaster Medical School, Lancaster University, Lancaster, United 
Kingdom

Geostatistical methods are being used increasingly to support disease 
control efforts and analyse disease prevalence. Adaptive geostatistical 
designs (AGD) allow collection of exposure and outcome data over time 
to depend on information obtained from previously collected data to 
optimise data collection towards the analysis objective. AGDs are especially 
useful in poor resource settings where uniformly precise mapping may 
be unrealistically costly and the priority is often to identify critical areas 
where interventions can have the most health impact. If successfully 
implemented, AGDs should outperform current standard sampling by 
improving on predictive performance and hotspots identification. AGDs 
are timely and could be instrumental in monitoring/accelerating disease 
transmission reduction. We developed two main classes: singleton and 
batch sampling. In singleton sampling, locations xi are chosen one at a 
time, so that each new location xk+1 can depend on data obtained at 
previously sampled locations x1,...,xk. In batch sampling, locations are 
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chosen in batches of size b>1, allowing new batch, {x(kb+1),...,x(k+1)
b}, to depend on data obtained at locations x1,...,xkb. Batch sampling 
can’t be more efficient theoretically than singleton, but is more realistic in 
practice. Using simulated data, we have evaluated batch sampling designs 
and assessed their efficiency relative to their singleton adaptive and non-
adaptive counterparts by comparing their average prediction variance. We 
will present simulation results and describe an application to a multi-year 
rolling cross-sectional Malaria Indicator Survey that is being conducted 
within a 5-year malaria transmission reduction project in communities 
living around Majete Game Reserve, Malawi. Aims of this application are 
to: describe local variation in malaria infection in children below 5 years; 
identify hotspots that could guide more targeted disease control efforts; 
and investigate association of prevalence with environmental and social 
risk-factors, using a combination of survey data and publicly available, 
remotely sensed climate and environmental information.

286
THE GEOGRAPHY OF IMPORTED MALARIA TO NON-
ENDEMIC COUNTRIES

Peng Jia1, Dariya Ordanovich2, Andrew Tatem2 
1Louisiana State University, Baton Rouge, LA, United States, 2University of 
Southampton, Southampton, United Kingdom

Despite over fifty countries having achieved malaria elimination over 
the past century, the disease remains a problem to many ‘malaria-free’ 
countries through cases imported from endemic regions each year. 
Imported cases to non-endemic countries remain difficult to diagnose, 
expensive to treat and can occasionally spark secondary local transmission, 
while the movement of malaria between endemic countries is driving 
the spread of drug resistance. Quantifying the international movements 
of malaria can aid in improving our understanding of these phenomena 
and facilitate the design of mitigation strategies, providing insights into 
the epidemiology of malaria in regions where reliable surveillance data 
are lacking. We describe the assembly of a database of all publicly-
available nationally reported statistics on imported malaria over the past 
15 years, covering over 50,000 individual cases, and assessments of the 
geographical variations seen were undertaken. Results highlight the clear 
geographical differences that exist between non-endemic countries and 
regions in terms of imported malaria case numbers, origins and species 
composition, as well as the variations in composition for the countries 
where cases originate. Infection movements are strongly skewed towards 
a small number of high traffic routes, with the geographical distribution 
of cases correlating strongly with existing data on transmission intensities. 
The mapping of communities of countries linked strongly by imported 
case movements reveals clear groupings that are a result of historical, 
language and travel ties. Finally, examination of the species composition of 
origin cases provides a unique insight into the distribution, prevalence and 
acquisition risk of each of the malaria parasites.

287
RISK FACTORS ASSOCIATED WITH OCCURRENCE OF 
PLACENTA MALARIA IN A POPULATION OF PARTURIENTS IN 
ABEOKUTA OGUN STATE, NIGERIA

Olufunmilayo A. Idowu, Ayodele S. Babalola 
Federal University of Agriculture, Abeokuta, Nigeria

Placental malaria has long been acknowledged as a complication of 
malaria in pregnancy and has been associated with poor pregnancy 
outcome in malaria endemic areas. This study was conducted to determine 
the risk factors associated with occurrence of placenta malaria in a 
population of parturients in Abeokuta Ogun State. Maternal and placenta 
blood and relevant maternal demographic information were obtained from 
211 parturients. Chi-square tests and regression model were computed 
to measure risk using SPSS version 16.0. Overall, 40.1% (86 of 211) of 

the parturients had malaria at delivery, with 19.0% (40 of 211) having 
placenta malaria. Age range 18-22 years (OR= 4.4, 95% Cl = (1.1 - 17.4), 
p= 0.046), primigravidae (OR= 2.1, 95% Cl = (0.9 - 5.1), p= 0.028) and 
living in a congested apartment (OR= 1.6, 95% Cl = (0.4 - 6.0), p= 0.029) 
as a significant risk factor for placenta malaria. Non usage of Intermittent 
Preventive Treatment (IPT) (OR= 2.6, 95% Cl = (1.2 - 5.4), p= 0.018), Long 
Lasting Insecticidal Nets (LLINs) (OR= 2.7, 95% Cl = (1.3 - 5.5), p= 0.005) 
were also risk factors for placenta malaria. In Abeokuta, approximately one 
of every five parturients had placenta malaria at delivery, with 55% having 
parasite densities between (501-5000 parasites/µl of blood). Proper use of 
LLIN and IPT for pregnant women is hereby recommended.
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TRANSMISSION OF MALARIA AMONG INTRAVENOUS DRUG 
USERS IN THE UNITED STATES: A SHIFT FROM ENDOGENOUS 
TO EXOGENOUS CASES, 1929-1975

David Adams1, Daniel Mauck2 
1ASU/Medical College of Georgia, Savannah, GA, United States, 2ASU, 
Savannah, GA, United States

Malaria remains a major health issue in developing countries. It is often 
overlooked in the industrial world unless there is a history of travel to 
a malarial zone. An especially overlooked issue, however, is malaria 
transmission between intravenous drug addicts. The sharing of needles 
among heroin users who are malaria-positive may well spark cases of 
this disease. Analysis of peer-reviewed literature in PubMed and PubMed 
Central from 1900 to 1975 was undertakebn. . The spread of malaria 
through shared equipment for injecting intravenous drugs was first 
reported in 1929 in Egypt. Since that time, several cases of induced 
malaria among heroin users have been identified. Beginning in the early 
1930s, reports of malaria transmitted between IV drug users began to 
appear in the eastern United States, typically among individuals who 
reported no history of foreign travel. This trend continued until the late 
1960s and early 1970s, the years of the Vietnam War, during which time 
cases were imported to California and New York after the Vietnam War. 
In each of these cases, transmission of the malaria parasite was due to 
sharing of needles among addicts. Usually, the index case had recently 
traveled to a malaria zone such as Southeast Asia and had contracted 
malaria. There has been a shift from domestic cases of malaria to imported 
cases during the latter part of the 20th century. Conclusions: Malaria 
among intravenous drug users remains an important, if not overlooked, 
public health issue. The number of heroin users is believed to be growing, 
and the potential for more cases of induced malaria remains high in the 
United States. Malaria among drug addicts remains a clinical problem of 
which physicians should be aware. The diagnosis of malaria should be 
considered in all intravenous drug users with fever and chills. This issue is 
hardly a new one and remains a potential public health issue in the early 
21st century.

289
IMPACT OF TARGETED MALARIA TREATMENT ON THE 
TRANSMISSION OF PLASMODIUM FALCIPARUM ALONG THE 
THAI-MYANMAR BORDER

Victor Chaumeau1, Phabele Phatharakokordbun2, Nithipa 
Kwansomboon3, Céline Montazeau1, Bénédicte Fustec1, 
Chiara Andolina2, Phubet Ya-Umphan1, Dominique Cerqueira2, 
Theeraphap Chareonviriyaphap3, Vincent Corbel1 
1Institut de Recherche pour le Développement, Maladies Infectieuses et 
Vecteurs, Ecologie, Génétique, Evolution et Contrôle, Montpellier, France, 
2Shoklo Malaria Research Unit, Mahidol-Oxford Tropical Medicine Research 
Unit, Faculty of Tropical Medicine, Mahidol University, Mae Sot, Thailand, 
3Department of Entomology, Faculty of Agriculture, Kasetsart University, 
Bangkok, Thailand

The emergence and spread of artemisinin resitance in Plasmodium 
falciparum (Pf) is challenging the efforts of malaria control and 
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elimination in South East Asia. The Shoklo Malaria Research Unit through 
the support of the Welcome Trust and the Bill & Melinda Gates Foundation 
has implemented a pilot study in four villages along the Thai Myanmar 
border to assess whether Targeted Malaria Treatment (TMT) can eliminate 
the parasite reservoir and contain artemisinin-resistance. Entomological 
surveys using human landing catch technique were conducted in parallel 
to parasitological surveys to address the Pf-malaria transmission before 
and after intervention. One thousand two hundred and eighty two malaria 
vectors belonging to the Minimus, Maculatus and Dirus Groups were 
collected during baseline surveys (before TMT, during the rainy season). 
Bites of malaria vectors occur all night long but An. maculatus s.l. and 
An. dirus s.l. exhibit a peak in their biting behaviour during the early 
evening and a higher tendency to exophagy. An average of 267 bites of 
malaria vectors was received per person and per month (95% CI 226-309). 
Pf-sporozoitic index was 2.2 ‰ (95% CI 0.0-4.4, n=1,782 mosquitoes 
inspected) and we estimated that each person received an average of 0.6 
(95% CI 0.02-1.18) Pf-infective bites per month. Half of the transmission 
occurred outside the premise (2 on 4 infective bites) and half of the 
transmission occurred between 5:00 and 06:00 a.m. (2 on 4 infective 
bites). Data on the impact of TMT on Pf transmission will be presented 
during the meeting. In conclusion, malaria transmission in the studied area 
involves early feeding and exophagic vectors that could maintain residual 
transmission (i.e. transmission that is not controlled by full coverage of 
the population with long lasting insecticide-treated bed-nets) after TMT. 
Therefore the development and evaluation of vector control tools adapted 
to malaria transmission settings in South-East Asia are needed in order to 
act in synergy with TMT and achieve artemisinin-resistance containment.

290
HIGH PREVALENCE OF FALCIPARUM MALARIA IN 
ASYMPTOMATIC INDIVIDUALS AND NO PFMDR1 
AMPLIFICATION IDENTIFIED IN DEMOCRATIC REPUBLIC OF 
CONGO

Dieudonné M. Mvumbi1, Jean-Marie N. Kayembe2, Thierry 
L. Bobanga3, Hippolyte N-T. Situakibanza3, Célestin N. Nsibu4, 
Georges L. Mvumbi1, Patrick De Mol5, Marie-Pierre Hayette5

1Biochemistry and Molecular Biology Unit, Department of Basic Sciences, 
School of Medicine, Kinshasa, Democratic Republic of the Congo, 
2Department of Internal Medicine, School of Medicine, University of 
Kinshasa, Kinshasa, Democratic Republic of the Congo, 3Department of 
Tropical Medicine and Infectious Disease, School of Medicine, University 
of Kinshasa, Kinshasa, Democratic Republic of the Congo, 4Department 
of Pediatrics, School of Medicine, University of Kinshasa, Kinshasa, 
Democratic Republic of the Congo, 5Department of Clinical Microbiology, 
University Hospital of Liège, Liège, Belgium

Malaria remains a major public health problem in Democratic Republic of 
Congo (DRC) with 14 million cases reported by the WHO malaria report in 
2014. These figures only include patent malaria cases that were detectable 
by microscopy or by RDT. Asymptomatic malaria cases are known to be 
prevalent in endemic areas and are generally untreated, resulting in a 
significant source of gametocytes that may serve as reservoir of disease 
transmission. Considering that microscopy certainly underestimates 
the prevalence of Plasmodium infections within asymptomatic carriers 
and that PCR assays are currently recognized as the most sensitive 
methods for Plasmodium identification, this study was conducted to 
weigh the asymptomatic carriage in DRC by a molecular method. We 
additionally assessed the pfmdr1 gene amplification, that is related to 
many antimalarial drugs’ resistance. Globally, almost half of the samples 
collected in the 6 provinces on the asymptomatic individuals (280/600; 
46.6%) had Plasmodium infections and the most species identified 
was P. falciparum (97.8%) alone or combined with P. malariae. The 
lesser prevalence was found in Nord-Kivu province (22%) nearly at 1800 
meter altitude. No pfmdr1 amplification > 2 copies was found. The high 
prevalence reported in our study should interpellate the bodies involved in 

malaria control in DRC to take in account asymptomatic carriers in actions 
taken and consider asymptomatic malaria as a major hurdle for malaria 
elimination. This study was the first to assess pfmdr1 amplification in DRC.

291
DOES STRESS PROVOKE PLASMODIUM FALCIPARUM 
RECRUDESCENCE?

G. Dennis Shanks
Army Malaria Institute, Enoggera, Australia

Plasmodium falciparum, unlike P. vivax, must maintain infection in the 
blood/bone marrow over many months/years in order to bridge periods 
between transmission periods. Asymptomatic parasitemia at very low 
concentrations is now known to be quite common due to molecular 
detection methods. Old tropical medicine texts commonly list many 
stressful events stated to provoke recrudescent falciparum parasitemia 
such as fatigue, heat/chill, trauma/surgery, famine/war, transit between 
areas and other febrile illness. The older literature is reviewed to discover 
the factual basis of such varied reports since they have not been recently 
confirmed. Surgery / trauma studies have variably shown falciparum 
recrudescence in areas with high rates of infection and drug suppression. 
Travel particularly during times of war or famine has been noted to induce 
recrudescence likely contributing to complex public health emergencies. 
Provocative tests such as infections of epinephrine or endotoxin to aid 
diagnosis of cryptic infections could not be shown to induce falciparum 
recrudescence. It seems likely that human stress sometimes induces 
falciparum recrudescence of an otherwise asymptomatic infection. 
Reproducing such observations today has been radically altered as malaria 
chemotherapy has evolved from suppressive quinine to curative artemisinin 
combinations. Host stress provoked recrudescence may be part of P. 
falciparum’s survival strategy. 

292
HOST FACTORS IMPACTING UPON THE FUTURE USE OF 
PRIMAQUINE IN MALARIA-ENDEMIC SOUTHWESTERN 
UGANDA

Michelle Roh1, Caesar Oyet2, Gertrude Kiwanuka2, Juliet 
Mwanga-Amumpaire3, Yap Boum II3, Sunil Parikh1

1Yale School of Public Health, New Haven, CT, United States, 2Mbarara 
University of Science and Technology, Mbarara, Uganda, 3Epicentre 
Mbarara Research Centre, Mbarara, Uganda

As malaria transmission continues to decline in southwestern Uganda, 
aggressive strategies, such as the addition of primaquine (PQ) to 
artemisinin-combination therapies (ACTs), are being considered. Despite 
the potential benefit of PQ in reducing transmission, concerns over 
its safety and efficacy have hampered its deployment. In particular, 
those with glucose-6-phosphate dehydrogenase (G6PD) deficiency are 
at a higher risk of hemolytic toxicity, and recent metabolic variants of 
CYP2D6 have the potential to impact upon PQ efficacy. To better assess 
the prevalence of host factors that may impact PQ use in southwestern 
Uganda, we conducted a stratified, two-stage cluster sampling cross 
sectional survey among 631 children under five years of age. Blood 
samples were collected to determine the following: (1) quantitative G6PD 
deficiency by spectrophotometric assay (Trinity Biotech®) and (2) qualitative 
G6PD deficiency assay by rapid diagnostic test (CareStart™ G6PD RDT). 
In addition, DNA was isolated to conduct (1) genotyping of the G6PD 
A- allele (RFLP analysis to detect the 202A/376G mutation), and (2) 
CYP2D6 genotyping to identify poor and ultrarapid metabolizers. Using 
the spectrophotometric assay as the gold-standard, the prevalence of 
mild G6PD deficiency (defined as 10-60% of normal activity) was 13.8% 
(95% CI: 11.1-16.5) as compared with 8.6% (95% CI: 6.4-10.8) by RDT. 
No children in our study were classified as being severely deficient (<10% 
enzyme activity). Of the 577/631 children with normal G6PD status by RDT, 
37 were mildly deficient by quantitative assay. Of the 54 children found 
to be G6PD deficient by RDT, 4 were quantitatively normal. Performance 
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characteristics of the CareStart™ G6PD RDT as compared with the Trinity 
Biotech® spectrophotometric assay revealed low/moderate sensitivity and 
high specificity (57.5% and 99.3%, respectively). Further comparison of 
G6PD qualitative and quantitative assays to molecular results is underway 
and will be presented. In addition, CYP2D6 prevalence estimates will also 
be presented. Our preliminary results suggest the need for improved point-
of-care G6PD screening methods.

293
RISK FACTORS FOR MALARIA INFECTIONS IN FEVER 
HOTSPOTS AND COLDSPOTS IN A HIGH TRANSMISSION 
REGION IN WESTERN KENYA

Judith Nekesa Mangeni1, Andrew Obala1, Wendy Prudhomme 
O’Maera2

1Moi University, Eldoret, Kenya, 2Moi University, Duke University, USA, 
Eldoret, Kenya

Identifying and understanding the risk factors for malaria infections in 
regions with high transmission is important for targeting control measures 
to the local situation. We sought to determine malaria indices in fever 
hotspots and coldspots. We conducted a prospective cohort study in 
Bungoma East sub-County, a region with persistently high malaria. A total 
of 400 participants in randomly selected households in six sentinel villages 
were followed up longitudinally and tested for malaria using malaria rapid 
diagnostic tests at quarterly intervals for a period of one year. Multivariate 
logistic regression analysis with generalized estimating equations was 
used to estimate the risk of malaria infections. A total of 870 malaria 
vectors were captured out of which 73.6% (no=640) were identified as 
members of Anopheles gambiae group. The member species of An. 
gambiae group were identified by polymerase chain reaction as follows; 
24.5% (no=117) were An. arabiensis while An. gambiae ss consisted 
of 75.5% (no=483) of the total collection. Parasite prevalence by RDT 
in the fever cold spot was 19.2%, 12.3%, 7.5%, 9.4% and 17.4% per 
survey respectively. In the fever hotspot, parasite prevalence was 22%, 
8.5%, 5%.4%, 9.7% and 32.4% per survey respectively. The person-time 
incidence rate of malaria was not significantly different between the two 
regions. However, incidence significantly varied between the villages and 
was significantly correlated with entomological risk factors in some of the 
villages. Risk factors for malaria infections are; children below five years, 
(O.R 3.7; P: 0.02), Not sleeping under the net the previous night (O.R. 1.7; 
P: 0.01), Asymptomatic infected individuals (O.R. 9.5; P: 0.004), the type 
of wall for the house (O.R 0.3, P < 0.001), the village one lives (OR 0.3; P 
< 0.001).There is a slightly higher risk of malaria infection for individuals 
living in the fever hotspots although this does not reach significance level. 
There is heterogeneity in malaria transmission among the villages. This 
study has identified factors defining the local situation in Western Kenya 
and should be targeted if malaria is to be eliminated in this region.

294
LARGE RESERVOIR OF ASYMPTOMATIC PLASMODIUM 
VIVAX IN A MESOENDEMIC AREA OF BELU REGENCY, WEST 
TIMOR

Ayleen A. Kosasih
Universitas Indonesia, Depok, Indonesia

With the call for malaria elimination in Indonesia, Plasmodium vivax and 
the asymptomatic infection resevoir are considered particularly important 
as submicroscopic infections escape diagnostic tools, thereby confounding 
elimination efforts. Microscopy was compared to Real-Time PCR to identify 
submicroscopic infections from subjects (n=1013) living in Kabupaten 
Belu, West Timor. Microscopy detected parasites in 10.6% (107/1013) 
subjects, while PCR resulted in a 29.8% (302/1013) infection rate. Of the 
PCR diagnosed samples, 65.2% (197/302) were submicroscopic (negative 
by microscopy). Eighty four percent (166/197) of submicroscopic infections 
were P. vivax with lower number of P. falciparum (25/197) and P. 
malariae (1/197). Submicroscopic P. vivax infection predominated all age 

groups. Few mixed submicroscopic infections were found (3 Pf + Pv; 2 Pv 
+ Pm). In conclusion, the presence of 3x more malaria infections detected 
by PCR (29.8% prevalence) when compared to microscopy demonstrates 
the large number of submicroscopic infections, of which 84% were P. 
vivax, indicating that this area will be challenging for malaria elimination. 
This more sensitive diagnostic mechanism (Real-Time PCR), combined with 
other tools will have to be implemented if elimination is to be considered 
in this area.

295
IN VITRO ANTIPLASMODIAL ACTIVITY OF BIOSYNTHESIZED 
SILVER NANOPARTICLES USING PSYCHOTRIA NILGIRIENSIS 
LEAF EXTRACT AGAINST PLASMODIUM FALCIPARUM

Kovendan Kalimuthu1, Murugan Kadarkarai1, Vincent Savariar2

1Bharathiar University, Coimbatore, India, 2Loyola College, Chennai, India

The utilization of various plant resources for the biosynthesis of metallic 
nanoparticles is called green nanotechnology, and it does not utilize any 
harmful chemical protocols. The present study reports the plant mediated 
synthesis of silver nanoparticles using the plant leaf extract of Psychotria 
nilgiriensis, which acts as a reducing and capping agent. The obtained 
nanoparticles were characterized using UV-visible spectroscopy; EDX 
(energy-dispersive X-ray), SEM (Scanning electron microscope), XRD (X-ray 
diffraction) and Fourier transform infrared (FTIR) analysis. The efficacy 
of green synthesized AgNPs at different concentrations (25, 50, 75 and 
100µg/ml) were tested on Plasmodium falciparum. Synthesized AgNPs 
particles were confirmed by analysing the excitation of surface plasmon 
resonance (SPR) using UV-vis spectrophotometer at 422 nm.The scanning 
electron micrograph showed structures of spherical, cubic shape, and the 
size range was found to be 40-60 nm. The EDX spectra showed the purity 
of the material and the complete chemical composition of the synthesized 
AgNPs. XRD study shows that the particles are crystalline in nature with 
face centered cubic geometry. The FTIR analysis of the nanoparticles 
indicated the presence of proteins, which may be acting as capping agents 
around the nanoparticles. Biosynthesis of nanoparticles may be triggered 
by several compounds such as carbonyl groups, terpenoids, phenolics, 
flavonones, amides, proteins, alkaloids and other reducing agents present 
in the biological extract. The parasitic inhibition was dose-dependent. 
The synthesized AgNPs showed significant anti-plasmodial activity when 
compared to aqueous leaf extract of P. nilgiriensis. The maximum efficacy 
was observed in synthesized AgNPs against P. falciparum (IC50=100 µg/
ml; 100%) respectively. This method is considered as a new approach to 
control the malarial parasite, P. falciparum. Therefore, this study provides 
first report on the anti-plasmodial activity of synthesized AgNPs using P. 
nilgiriensis against P. falciparum.

296
ESTIMATING THE GLOBAL CLINICAL BURDEN OF 
PLASMODIUM VIVAX MALARIA

Katherine E. Battle, Ewan Cameron, Samir Bhatt, Rosalind E. 
Howes, Peter W. Gething, Simon I. Hay 
Spatial Ecology and Epidemiology Group, University of Oxford, Oxford, 
United Kingdom

Accurate burden of disease estimates are essential to assess the relative 
impact of a disease, generate targets for control and measure progress 
towards elimination, and have been identified as a key knowledge gap in 
Plasmodium vivax research. Annual clinical incidence must be measured 
to estimate the burden of P. vivax malaria. However, accurate incidence 
data is relatively rare. Incidence must be obtained through longitudinal 
studies, making it costly and time consuming to collect. Prevalence data, 
on the other hand, is widely available from cross-sectional surveys. A 
model defining the relationship between P. vivax infection prevalence 
and incidence of clinical disease was developed to address this disparity 
in data availability. The model accommodated the unique biology and 
epidemiology of P. vivax and provided separate prevalence-incidence 
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relationships for areas known to have different patterns of relapse. The 
model, combined with an updated map of P. vivax endemicity based 
on prevalence survey data through 2014, provided global annual case 
numbers with associated measures of uncertainty. These results highlight 
regions where P. vivax morbidity burden is greatest and where improved 
survey coverage is needed to increase the certainty of outputs generated.

297
MALARIA PARASITEMIA AMONG RESIDENTS SEEKING 
CLINICAL CARE IN AN URBAN INFORMAL SETTLEMENT AREA 
IN NAIROBI, KENYA

Henry N. Njuguna1, Joel M. Montgomery1, Leonard Cosmas1, 
Newton Wamola2, Joseph O. Oundo1, Meghna Desai1, Ann M. 
Buff1, Robert F. Breiman1

1Centers for Disease Control and Prevention Kenya, Nairobi, Kenya, 
2KEMRI, Nairobi, Kenya

 Although Nairobi, Kenya--with an altitude of approximately 1,600 
meters and low seasonal temperatures--is considered low-risk for malaria 
transmission, malaria is frequently diagnosed throughout Nairobi. We 
investigated the epidemiology of malaria among patients presenting 
to a study clinic in a population-based surveillance system located in 
the densely-populated, informal settlement of Kibera, Nairobi, over a 
5-year period (01 January 2007 to 31 December 2011). We describe the 
epidemiological and clinical characteristics of febrile patients and malaria 
cases in Kibera, Nairobi. During the 5-year study period, 105,960 patient 
visits occurred at the study clinic, and 17% (n=18,183) had a measured 
temperature of ≥37.4oC. A total of 11,825 (65%) febrile patients had a 
microscopy test performed for malaria; 2,630 (22%) were positive. Malaria 
parasitemia was detected throughout the year with peaks generally 
in January, May and September. Children ages 5-14 years old had the 
highest proportion (29%) of positive malaria blood slide results followed 
by children ages 1-4 years (23%) old. Sixty-three percent (3% unknown 
travel status) of malaria cases reported travelling outside of Nairobi in the 
previous month; 79% reported travel to just three counties (7%, 3/46) 
in western Kenya. History of recent travel was strongly associated with 
malaria parasitemia (OR: 8.9; 95% CI: 8.0-9.9). Malaria parasitemia was 
frequently observed among febrile patients at a health facility in Kibera, 
Nairobi. The majority of patients had travelled to counties in western 
Kenya, which have the highest rates of parasitemia in the country. 
However, over one-third 34% reported no travel history, which raises the 
possibility of local transmission of malaria in this densely-populated, urban 
setting. Reducing/eliminating malaria transmission in western Kenya and 
communicating and implementing effective malaria prevention strategies 
to travelers is likely to reduce the malaria burden in Kibera, Nairobi.

298
NEW STRATEGIES FOR ESTIMATING MALARIA 
TRANSMISSION: USING SEROLOGY TO ESTIMATE 
INDIVIDUAL LEVEL EXPOSURE

Gillian H. Stresman1, Nuno Sepúlveda1, Michael White2, Teun 
Bousema1, Chris Drakeley1

1London School of Hygiene & Tropical Medicine, London, United Kingdom, 
2Imperial College London, London, United Kingdom

Current metrics of malaria transmission are restricted to population 
level estimates limiting their utility for understanding the more granular, 
individual level heterogeneities inherent in Plasmodium falciparum 
epidemiology. Age specific serological profiles in a population, and 
particularly the seroconversion rate, are useful proxy metrics for 
transmission intensity. However, assuming a homogenous population, a 
person of the same age with comparable exposure history should have a 
similar antibody profile suggesting that obtaining an analogous individual 
level metric for exposure is possible. To test this hypothesis we extended 
the standard reverse catalytic model to incorporate determinants of 
exposure including elevation and use of mosquito control using a Bayesian 

framework to predict each individuals’ probability of being seropositive, 
an analogous measure to the force of infection. Data from a large cross-
sectional survey in the western Kenyan highlands was used to train 
the model, and was subsequently validated on available datasets from 
the same study site as well as other sites with a range of transmission 
intensities. Initial results suggest that the predicted probability of being 
seropositive per year of age were strongly correlated (r=0.96) to the true 
seroprevalence and showed similar spatial patterns. When applying the 
model to other data from the same site, there was good discriminatory 
capacity (AUC: 0.76) for seropositivity. The predicted values resulted 
in a slight underestimation of the true seroprevalence per year of age 
however there was still a good correlation (r=0.79). These findings show 
that obtaining individual estimates of malaria exposure are possible and 
have important implications for understanding and controlling for intrinsic 
heterogeneity in malaria exposure.

299
AN INVESTIGATION INTO THE RISK FACTORS OF MALARIA 
IN A PRE-ELIMINATION RURAL AND PERI-URBAN SETTING OF 
NORTHERN NAMIBIA

Erastus H. Haindongo1, Davis R. Mumbengegwi1, Ronnie Bock1, 
Hugh Sturrock2, Roly Gosling2

1University of Namibia, Windhoek, Namibia, 2University of California, San 
Francisco, CA, United States

A remarkable over 75% reduction of cases has been achieved, with case 
numbers dropping as low as 1,546 in August of 2013, from 537 115. 
With the reduction of malaria transmission, Namibia has moved from a 
control phase to a pre-elimination phase. Although malaria cases have 
been on the decline, a plateau has been reached since 2008. This plateau 
provides direct evidence that, the existing tools used in the control phase 
cannot be used to achieve the elimination phase. This also suggest 
that there are perhaps other risk factors that are not known and thus 
poses challenges to elimination. This risk factors may be the presence 
of breeding sites within households, net ownership and usage, Indoor 
Residual Spraying, whether people slept inside or outside, and their travel 
history. There is a gap in knowledge on what intervention tools should 
be used in order to achieve the elimination phase. Malaria risk factors 
therefore need to be established by conducting surveillance, and thus 
provide evidence on how to mitigate against any failing interventions. 
Re-Active Case Detection (RACD) was used to investigate cases reported at 
health facilities. Control Houses were randomly selected from the National 
Census Enumeration points for inclusion in the study. A combination of 
an open and closed ended questionnaire was administered to all members 
living in the same house as a reported case or a chosen control. A total of 
944 individuals were recruited. There were 408 and 536 individuals from 
51 case and 87 control households respectively. It was found that 71% of 
the case households are found close to breeding sites, whilst only 58% 
of the control households are found close to breeding sites. Individuals in 
case households also slept outside more than those in control households. 
Unexpectedly, net ownership and usage was higher in control households 
by a factor of 1.13. Spraying was also higher in control households, 
with only 12% of the case households spray and 18% of the control 
households. Reactive case detection can be implemented as a tool to 
identify common behavioral risk factors in individuals within households.

300
PREVALENCE OF MALARIA BY AGE AND GENDER IN 
KABERAMAIDO, LWALA AND DOKOLO DISTRICTS IN THE 
EASTERN UGANDA

Joel C. Mouatcho1, Leo Braack1, Michael Okia2

1University of Pretoria, Pretoria, South Africa, 2National Malaria Control 
Program, Kampala, Uganda

Malaria is a major health concern in affected developing countries. It is 
endemic in Uganda with 34 million people at high risk accounting for 
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7,277 malaria attributed death in 2013. There are limited data on gender 
and age distribution of malaria cases in hospital and outpatients’ settings. 
This study assessed malaria case records between January 2006 and April 
2013 in the Kaberamaido, Lwala and Dokolo health districts in Northern 
Uganda. A total of 346,769 outpatients and 75,955 inpatient children 
were examined for malaria. Of these, 183,849 (53.05 %) outpatients 
and 31,459 (41.42 %) inpatients were clinically diagnosed with malaria 
with 28,954 (70.52%) testing positive on 41,058 (19.07%) blood smears 
examined in both groups. Covering both genders, 56.02% and 46.32% 
clinically diagnosed malaria cases were below and above 5 years of age, 
respectively. Females were the most affected. The proportions of positive 
malaria cases per health district were 47.9%, 46.1% and 51.8% for 
Kaberamaido, Lwala and Dokolo, respectively. In 2009, over 8000 malaria 
cases principally in children above age 5 were recorded in Dokolo. Overall, 
Dokolo was the most affected malaria district, followed by Kaberamaido. 
In conclusion, malaria prevalence remains very high in study sites in 
Northern Uganda. Children under the age of 5 were the most affected 
with girls more susceptible than boys. Due to the shortage of microscopes 
and qualified microscopists, malaria remains poorly diagnosed in Uganda 
with the majority of diagnoses still made clinically.

301
THE ASYMPTOMATIC MALARIA RESERVOIR IN A REGION 
OF DECLINING MALARIA TRANSMISSION IN SOUTHERN 
PROVINCE, ZAMBIA: DEMOGRAPHIC CHARACTERISTICS AND 
ASSOCIATED RISK FACTORS

Natasha M. Laban1, Tamaki Kobayashi2, Harry Hamapumbu1, 
Kelly Searle2, Phil Thuma1, William J. Moss2

1Macha Research Trust, Choma, Zambia, 2Johns Hopkins Bloomberg School 
of Public Health, Baltimore, MD, United States

Asymptomatic malaria has been reported in areas of declining transmission 
among individuals with partial immunity acquired from previous exposure. 
Undetected and untreated asymptomatic individuals can act as parasite 
reservoirs posing a threat to further control and their active detection and 
characterization is important to achieve elimination. To better understand 
this threat, demographic characteristics as well as seasonal and spatial 
distributions of asymptomatic malaria infections were assessed in an area 
of declining transmission in Southern Province, Zambia. Cross-sectional 
surveys were conducted between 2009 and 2013 when annual parasite 
prevalence was ≤ 1.5% by rapid diagnostic test (RDT). Households were 
randomly selected based on satellite imagery and all residents were 
eligible for enrollment. Blood was collected by finger prick for microscopy, 
RDT and as dried blood spots for nested PCR for cytochrome b gene 
of human Plasmodium species. Questionnaires were administered to 
collect information on age, sex, recent history of malaria symptoms and 
antimalarial use. Asymptomatic cases among positive individuals were 
determined based on absence of fever, chills and headache both within 
48hrs and a fortnight prior to screening and without a recent history of 
malaria medication. Seasonal and spatial distributions of asymptomatic 
individuals were based on sample collection dates and geo-coordinates of 
households respectively. Of 3,555 participants tested by all three methods, 
53 were positive for Plasmodium by nested PCR. Fifty-two participants 
had complete survey data available, 19 (36.5%) of whom were 
asymptomatic. Participants aged between 5 and 20 years were more likely 
to have asymptomatic parasitemia identified by PCR during both rainy 
and dry seasons. Identifying asymptomatic parasitemia among school-
aged children in both wet and dry seasons suggests the potential for 
school-based strategies to eliminate the parasite reservoir. Submicroscopic 
asymptomatic parasite reservoir detected by PCR highlights the need 
for more sensitive diagnostic tools in low transmission settings moving 
towards elimination.

302
THE EPIDEMIOLOGY OF RELAPSING PLASMODIUM VIVAX 
MALARIA IN WESTERN MADAGASCAR

Thierry Franchard1, Tovonahary Rakotomanga1, Brune 
Ramiranirina1, Tiana Ramanatiaray1, Arsene Ratsimbasoa1, David 
Serre2, David Serre2, Rosalind E. Howes3, Peter A. Zimmerman4

1National Malaria Control Programme of Madagascar, Antananarivo, 
Madagascar, 2Genomic Medicine Institute, Cleveland Clinic, Cleveland, 
OH, United States, 3Department of Zoology, University of Oxford, Oxford, 
United Kingdom, 4Center for Global Health and Diseases, Case Western 
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Malaria is a major health problem in Madagascar. While cases have 
dropped since 2003, malaria was still the second leading cause of death 
among children under five years in 2011. The epidemiology varies 
considerably between different regions of the country, but the entire 
population is considered to be at risk of infection by four Plasmodium 
species, with P. falciparum responsible for 90% of cases. Prevalence 
of P. vivax is highest in the western highlands, where the climate is 
dry and hot. The dormant hypnozoites of the P. vivax life-cycle make it 
more challenging to control than P. falciparum. As a first step towards 
assessing the importance of relapse infections and the significance of the 
invisible reservoir of P. vivax hypnozoites, it is important to determine the 
relapse periodicity of the P. vivax strains causing infection in Madagascar. 
Molecular analysis can also allow insight into the population structure of 
the parasites and help estimate the relative contribution of hypnozoites to 
the burden of clinical cases. To investigate these objectives, a longitudinal 
study was initiated in an area of Madagascar endemic with P. vivax where 
all individuals reporting to clinics with fevers were tested for infection with 
rapid tests, microscopy and molecular diagnostics. All P. vivax positive 
patients were monitored with active monthly follow-up and PCR-based 
diagnosis of blood-stage infection. Up for four repeated clinical P. vivax 
episodes were observed in patients monitored during the first year of 
the study, and genetic SNP analysis provides insight into the evolution 
of the parasite strains during the course of the follow-up. Madagascar 
plans to advance from malaria control to pre-elimination status. However, 
the complexities and heavy contribution of apparent relapses to the P. 
vivax burden will continue to represent an important barrier to successful 
elimination unless access to safe radical cure therapy is made available.
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Where malaria endemicity is low and markedly seasonal, sensitive tools are 
needed for better stratifying risk of infection and targeting interventions. 
A cross-sectional survey was conducted in 3 endemic sites of the Peruvian 
Amazon to characterize the current malaria transmission patterns, identify 
hotspots, and detect recent changes in transmission using parasitological 
and serological measures. After full census of the study population in 
Nov 2012, a total of 651 survey participants were examined and a blood 
sample taken for the detection of malaria parasites (microscopy, PCR) and 
antibodies to Plasmodium vivax (PvMSP119,PvAMA1) and P.falciparum 
(PfGLURP,PfAMA1) antigens by ELISA. Risk factors malaria infection 
(species-specific positive PCR) and malaria exposure (seropositivity to 
any of two species-specific antigens) by species were assessed by survey 
logistic regression models. Age-specific seroprevalence was analyzed using 
a reversible catalytic conversion model for generating seroconversion 
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rates(SCR). SaTScan using a Bernoulli model was used to detect spatial 
clusters of serology-positive individuals within each site. The overall 
parasite prevalence by PCR was low, i.e. 3.9% for P. vivax and 6.7% for 
P. falciparum, while the seroprevalence was much higher, 33.6% for P. 
vivax and 22.0% for P. falciparum, with substantial differences between 
study sites. Age and location were significantly associated with P. vivax 
exposure; while location, age and outdoor occupation were associated 
with P. falciparum exposure. P. falciparum seroprevalence curves showed 
a stable transmission throughout time, while for P. vivax transmission 
curves were better described by a model with two SCRs. The spatial 
analysis identified well-defined clusters of P. falciparum seropositive 
individuals in two sites, while it detected only a very small cluster of P. 
vivax exposure. The use of a single parasitological and serological malaria 
survey has proven to be an efficient and accurate method to characterize 
the species specific heterogeneity in malaria transmission at micro-
geographical level as well as to identify recent changes in transmission.
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In order to accurately assess the infectivity of populations endemic with 
P. falciparum malaria, asymptomatic infections must be accounted for, 
as these are not detected by passive case detection but still contribute to 
onwards transmission. The effect that geographic heterogeneity of malaria 
endemicity and environmental confounders have on the proportion of 
infections that are asymptomatic has not yet been well characterised. 
Additionally, the importance of the asymptomatic reservoir in terms of 
prospects for elimination is not yet fully understood. In areas where P. 
falciparum remains highly endemic, most individuals host parasites at 
a diagnostic detectable level throughout the year. As such, nearly all 
fevers in these populations will be accompanied by a parasite infection, 
but malaria may rarely be the fever’s causal mechanism. Modelling the 
spatiotemporal distribution of this malaria-attributable fraction of fevers 
will allow insight into the true contribution of malaria compared to other 
causes of febrile illness. Here, we fit observed field data from large-scale 
routine surveillance of diagnostic outcome and individual fever history to 
established mechanistic models of malaria infection, in order to estimate 
the proportion of asymptomatic infection and malaria-attributable fevers 
geographically through time, and investigate a number of environmental 
and sociodemographic factors that affect these proportions.
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Malaria morbidity and mortality fell in Zanzibar (Unguja and Pemba 
islands) following introduction of artemisinin-based combination therapy 

for uncomplicated malaria in late 2003 and long-lasting insecticidal nets 
and indoor residual spraying in 2006. The impact of such public health 
interventions, scaled-up in short successions, is challenging to quantify 
without a contemporaneous counterfactual to understand what would 
have happened in the absence of these interventions. We modeled the 
impact of malaria control interventions scale-up using a counterfactual of 
confirmed malaria case incidence per 1,000 population (cMCI) predicted 
from a generalized linear autoregressive model fitting the relationship 
between cMCI, climate and other relevant pre-scale-up (1999-2003) data. 
The full prediction model included district, month, rainfall, and minimum 
and maximum temperature, standardized by district population estimates 
over time. The full model then predicted a counterfactual with malaria 
control interventions scale-up between 2004-2010. The impact of malaria 
control interventions scale-up on cMCI was then estimated using the 
difference-in-difference estimator, while controlling for district malaria 
diagnostic testing rate. We estimated 0.61 (95%CI, 0.43-0.79; p<0.001) 
lower monthly cMCI in the scale-up period in Zanzibar. The impact was 
larger in Pemba (0.73, 95%CI 0.39-1.08; p<0.001) than in Unguja (0.52, 
95%CI, 0.33-0.72; P<0.001). A modeled counterfactual of predicted 
cMCI using a difference-in-difference analysis showed malaria control 
interventions scale-up significantly reduced cMCI from what it would have 
been in the absence of interventions scale-up in Zanzibar islands.
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Non-pyrethroid insecticide-treated durable wall lining (DL) is a new 
method of vector control that releases insecticides and kill vectors that 
rest on its surface, and are expected to be efficacious for 3-4 years. To 
determine whether the combined use of LLINs and DL provides additional 
benefit over LLINs alone, a two arm cluster randomized controlled 
trial is underway in Muheza district, Tanzania. We present baseline 
epidemiological and entomological parameters from the study site prior 
to study implementation. After mapping and doing a census of the area, 
60 clusters were created, and 15-20 houses from the core areas were 
randomly selected for a survey conducted in January-February 2015. All 
consenting household members completed household and demographic 
questionnaires, and blood samples were drawn for malaria diagnosis, 
anemia testing, and immunochromographic testing (ICT) for Wuchereria 
bancrofti. A total of 2,513 people from 932 households were sampled. 
Malaria parasitemia by mRDT was 23.6 % (95% CI: 20.4 -26.9%); 
4.2% (95% CI: 2.9-5.5%) had positive ICTs. Malaria parasitemia was 
more common in children 5-12 years (34.5%; 95% CI 28.5- 40.6%) 
compared with children 12 years, (19.0%; 95% CI: 16.4-21.6%). Anemia 
(haemoglobin <8g/dL) prevalence in children <5 years was 5.1% (95% CI: 
1.5-8.7%). To determine the biting rate Indoor host-seeking mosquitoes 
were sampled using CDC light traps in 8 randomly selected houses with 
open eaves and children under five years of age in the core sampling 
area of all sixty clusters between May and September 2014. Pooled 
estimates of human biting rate/person/night for the two malaria vectors 
(An. gambiae s.l and An. funestus) during the wet and dry seasons were 
24 and 22, respectively. The biting rate for W. bancrofti vector Culex 
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quinquefasciatus during the two seasons was 18 and 6, respectively. The 
DL and LLIN interventions are scheduled to begin in July 2015. The results 
of this study will provide important information to help guide vector 
control strategies within national malaria control programs.
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Severe malaria has a case fatality rate of 10-20%. Given the complexity of 
evaluating multi-faceted components of health systems, few studies have 
addressed the quality of severe malaria case management. In July-August 
2012, a nationwide, cross-sectional survey of severe malaria management 
was conducted in 36 health facilities (HFs) selected with equal probability 
from a list of all public sector HFs in Malawi that admit patients with 
severe malaria. Patient care records from all admissions during October 
2011 (low season) and April 2012 (high season) with an admission 
diagnosis of malaria or prescription of an antimalarial were eligible. Up to 
8 charts were randomly sampled within each age (<5 and ≥5 years) and 
month stratum. Severe malaria was defined by a) admission diagnosis or 
b) documentation of any signs of severe malaria. Treatment with at least 
one dose of an intravenous antimalarial was considered correct. A total of 
906 records with complete data from 35 HFs were included; one HF had 
no patient records. Patients were 3 months to 81 years old; 55% were 
female. Overall, 387 patients (42%) had an admission diagnosis of severe 
malaria. A severe sign was documented in 464 records (51%). Patients <5 
years were significantly more likely to be diagnosed with severe malaria 
than those ≥5 years either by admission diagnosis or documented severe 
sign; risk ratio (RR) 1.3 (95% confidence interval [CI], 1.1-1.6) and 1.6 
(95% CI, 1.4-1.8), respectively. Correct treatment was more common for 
patients identified by admission diagnosis (79%) than by documented 
severe sign (68%) (p <0.001). Notably, 14% of severe malaria patients by 
admission diagnosis and 20% with a documented severe sign were treated 
exclusively with an oral antimalarial and 8% and 13%, respectively, did not 
receive any effective antimalarial, with no significant differences by age. 
Case management of severe malaria remains a challenge. Despite the high 
proportion of severe malaria patients receiving recommended treatment, 
it is concerning that 8-13% received no effective therapy. Challenges to 
adhering to national guidelines should be identified and addressed to 
improve quality of care.
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Malaria is endemic on the Guiana Shield. In French Guiana, a French 
overseas territory, although the number of cases has decreased since 
2005, foci of infection still remain, particularly within illegal gold mines. 
There, malaria patients often self-medicate, resulting in a risk of resistance 
to anti-malarial treatments, notably to artemisinine. The mobility of gold 
miners increases the risk of spreading both malaria and the resistance to 
antimalarials, and puts the population at risk of new outbreaks despite 
the great efforts put into anti-malarial policy in this region. This study 
aims to estimate and map the prevalence of Plasmodium carriers and to 
determine knowledge attitudes and practices concerning malaria in illegal 
gold miners. Inclusions were carried out from January to March 2015 
(continued until June 2015) at the resting sites along the Maroni river. 
Illegal gold mine workers periodically go to these sites for rest, supplies, or 
medical care. People working on gold mining sites in French Guiana and 
being on the resting site for less than 7 days were included. A malaria-RDT, 
thick and thin blood smear, molecular diagnosis by PCR were performed. 
Persons also answered a questionnaire and had a medical examination. 
Informed consent was obtained. On the 03/01/2015, 128 persons were 
included of the 360 expected for the complete study duration. On PCR, 
25 (19.5%) were positive for malaria, with 11 P. vivax (44%), 10 P. 
falciparum (40%), 3 mixed faciparum+vivax (12%) and 1 P. malariae 
(4%). Seventeen (65.4%) were asymptomatic. The last time they had 
malaria, 37% did a test, and 64% declared regularly using self-medication 
containing artemisinine. This first study about the epidemiology of malaria 
in illegal gold miners in French Guiana shows a very high prevalence of 
malaria along with a high proportion of asymptomatic carriers. Therefore 
control of malaria in French Guiana must take into account illegal gold 
miners, the main but hidden reservoir of malaria endemicity. These results 
should help French Health Agencies to implement adapted measures to 
deal with malaria in this population and hope to avoid the emergence of 
artemisinine resistance.
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Indoor residual spraying (IRS) has been implemented since the 1940s 
in Zimbabwe and has protected millions of people from malaria. 
However, long-term insecticide exposure leads to vector resistance. 
While entomological studies have shown increasing resistance to PYs 
in mosquitoes, the population-level effects of changing insecticides 
is not well understood. In November 2014 the President’s Malaria 
Initiative-supported (PMI) Africa Indoor Residual Spraying (AIRS) project 
in Zimbabwe started using organophosphate-based insecticides (OPs) in 
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four high malaria burden districts (Chimanimani, Mutare, Mutasa, and 
Nyanga) in Manicaland Province. Previously, these areas were sprayed with 
pyrethroid-based insecticides (PYs). OPs are substantially more expensive 
than PYs; they cost approximately ten times more per area sprayed than 
PYs, according to a 2013 AIRS Costing Study. Thus, as programs expand 
and require more expensive insecticide, the number of beneficiaries an IRS 
campaign can protect is dependent on the type of insecticide used. With 
Health Management Information System (HMIS) and entomological data 
through transmission season (May-June 2015), we will: 1) compare the 
number of confirmed malaria cases in health facilities in four districts in 
2011-2013 (under PYs) to the same districts in 2014-2015 (under OPs); 
and (2) compare the number of confirmed malaria cases in health facilities 
in the four OP districts in 2014-2015 to four comparison PY districts in 
the same time period. We will strengthen our analysis by comparing 
mosquito densities from our routine entomological monitoring before and 
after using OPs for IRS. Although not randomized-controlled, the analysis 
provides a relatively inexpensive method to suggest the most effective 
pesticide for reducing malaria burden in these districts, while considering 
rising insecticide costs and program budget limitations. Preliminary results 
are not available at the time of abstract submission as malaria season in 
the target districts continues through May-June 2015. We will present our 
methodology and the results of our analysis, if selected.
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Intermittent preventive treatment during pregnancy (IPTp) with at least 
two doses of sulfadoxine-pyrimethamine (SP) is recommended for 
prevention of malaria during pregnancy, along with use of insecticide 
treated nets (ITNs), to reduce low birthweight and miscarriages. In 2006, 
Senegal adopted IPTp with SP free of charge for pregnant women, 
along with training and point of delivery equipment for directly observed 
therapy. The prevalence of markers of resistance to SP is monitored. 
Introduction of IPTp coincided with the intensification of other malaria 
control interventions including ITNs and artemisinin-based combination 
therapy, and parasite prevalence among children under 5 years fell from 
6% in 2008 to 1.2% in 2014, with near zero prevalence in the north. 
Many question the applicability of continuing IPTp in the north of Senegal. 
We analyzed data from Senegal’s continuous Demographic and Health 
Survey from 2013 to examine the benefit of the coverage of two doses 
of SP on low birth weight, by epidemiologic stratum. We compared 
IPTp coverage and prevalence of low birthweight in the zones of low, 
moderate, and high transmission in Senegal to test the hypothesis that 
IPTp would have a decreased effect in zones of low transmission, given the 
Senegalese context of intense seasonality and epidemiologic stratification. 
Nationally, IPTp coverage is 41.3% and the rate of low birth weight 
(LBW) is 13.0%. The zone of moderate transmission has the lowest rate 
of LBW at 10.2%, while having the lowest coverage of IPTp (36%). The 
rate of LBW is similar in the low transmission zone (14.7%) and the high 
transmission zone (13.7%), despite the highest IPTp coverage in the low 
transmission zone (48%) compared to 40% in the high transmission zone. 
As there was no clear relationship between IPTp coverage and rate of low 
birthweight when stratified by epidemiologic strata, further analysis is 
ongoing to consider factors such as number of doses, use of LLINs, season, 
parity, nutrition, and socio-economic status. While national survey data 
may shed light on this question, a prospective study should be conducted 
to ascertain the contribution of IPTp in northern Senegal.
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The World Health Organization recommends seasonal malaria 
chemoprevention (SMC), a monthly treatment course of anti-malarial, for 
up to four months during malaria transmission season for children 3-60 
months of age, in regions with highly seasonal transmission. In 2014, the 
Senegal National Malaria Control Program (NMCP) implemented SMC 
in the four regions of Senegal that meet WHO criteria, with a target of 
624,139 children 3 - 120 months, increasing the age range given data 
showing a displacement of burden of malaria toward older children. SMC 
campaigns were conducted in August, September, and October, with 
administrative coverage rates of 98.6% 97.9%, and 98.0%, respectively. 
We examined routine information collected from malaria sentinel sites, 
the public health system, and reference hospitals to determine the impact 
of SMC on morbidity and mortality. Twenty sentinel sites, four in regions 
targeted for SMC, report the weekly number of total consultations, 
suspected malaria cases, patients tested, and confirmed malaria cases. 
Morbidity data from the sentinel sites were examined during the period 
covered by the campaign (epi week 35-48) in 2013 (baseline) and 2014. 
The number of confirmed cases among children < 5 and among children 
5-10 at the four sites decreased 50% and 60%, respectively, from 2013 to 
2014. The proportion of confirmed malaria cases among children 0-120 
months among all confirmed malaria cases declined from 39% in 2013 to 
23% in 2014. The incidence of all confirmed malaria cases reported by all 
the public health facilities in the SMC regions decreased from 81/1000 in 
2013 to 60/1000 in 2014, a 26% reduction. The number of hospitalized 
malaria cases among children < 5 years recorded at health facilities in the 
four regions decreased 50% (1,384 in 2013 to 688 in 2014). The number 
of deaths due to confirmed malaria among children < 5 years recorded at 
reference hospitals in the four regions decreased 61% (135 in 2013 to 53 
in 2014). Data from sentinel sites confirmed data from the routine health 
system, and enabled understanding of burden reduction by age group. 
With these very encouraging results the NMCP will continue SMC in 2015 
and 2016.
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Senegal has had remarkable declines in malaria in the last decade. In the 
north, annual incidence is now less than 5 confirmed cases per 1000 
people. Senegal is home to nomadic pastoralists who travel south to high 
malaria transmission zones during dry season, returning north when the 
rains start. There was concern that the migration of pastoralists at the 
start of the rains might sustain malaria transmission in the north. Nomadic 
and migrant populations present a challenge for public health, as they 
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may be located in remote areas, have less access to prevention and care, 
suffer stigmatization, and be more at risk for disease. We conducted a 
modified snowball sampling survey of nomadic pastoralists at 6 sites in 
northern Senegal. We enrolled 1800 people 6 months and older, and 
collected data regarding demographics, access to care and preventive 
measures, and a blood sample for rapid diagnostic test (RDT), blood 
smear, and PCR. Of these, 31.5% were under 15 years, and 38.7% were 
female. Literacy among adults was 12%, and 16% had heard messages 
about malaria in the last three months, 94% of these by radio. Of the 
55% who knew at least one preventive measure against malaria, 84% 
cited bednets. Though 64% had a net, only 29% had received a net from 
a mass distribution campaign, and 26% reported using a net every night. 
Of the 21% with a family member with fever in the last month, 23% 
sought care. The primary reason for not seeking care (26%) was distance. 
However, parasite prevalence by PCR was 0.5%, similar to the remainder 
of the north. Sensitivity and specificity of RDT compared to PCR was 100% 
and 99%, respectively. All of the molecular barcodes identified among the 
migrants were novel in Senegal, providing no evidence that these strains 
had originated in the south, though 96% had been in the district two 
weeks or less at the time of the survey. While nomadic pastoralists have 
poor access to prevention and care of malaria, parasite prevalence is low, 
and they do not appear to be a source of ongoing transmission. Efforts are 
being made to include them for insecticidal net distribution and to train 
health volunteers among them to provide diagnosis, treatment, and health 
messages.

313
MEASURING THE PREVALENCE OF MALARIA PARASITEMIA 
USING LAMP IN A HIGH-TRANSMISSION COMMUNITY IN 
UGANDA

Shereen Katrak1, Nathan Day2, Emmanuel Ssemmondo3, Dalsone 
Kwarisiima4, Moses Kamya5, Diane Havlir6, Grant Dorsey1

1University of California, San Francisco, San Francisco, CA, United States, 
2Vanderbilt University, Nashville, TN, United States, 3Infectious Diseases 
Research Collaboration, Kampala, Uganda, 4Mulago-Mbarara Joint AIDS 
Program, Kampala, Uganda, 5Makerere University, Kampala, Uganda, 
6Division of HIV/AIDS, San Francisco General Hospital, University of 
California San Francisco, San Francisco, CA, United States

The epidemiology of malaria parasitemia, particularly in older children, 
adults, and HIV-infected persons, is poorly understood. Knowledge gaps 
regarding parasitemia hinder elimination efforts in high transmission areas, 
where large segments of the population are asymptomatic carriers of 
malaria parasites, but retain the ability to transmit disease. We performed 
a cross-sectional analysis of community residents (n=10,875) in Nankoma, 
Uganda, in which we collected 9,629 dried blood spots (DBS), representing 
89% sampling of the population. In order to describe population-level 
parasitemia, we tested a random subset of 4,000 HIV-negative samples 
and all 147 HIV-positive samples for malaria parasitemia using loop 
mediated isothermal amplification (LAMP). We estimated population-level 
prevalence using a weighted proportion, and fit a multivariate logistic 
regression model to identify independent predictors of malaria parasitemia. 
We found an overall prevalence of parasitemia in the community of 
82.1% (95% CI, 81.3 - 83.0%). Age-specific prevalence increased steadily 
among children until age 9, peaking at 92.3% in children under 10 years 
old, then decreased until age 35, with a prevalence of 61.3% in those 
older than 35 years. When controlling for age, we found male sex to be 
independently associated with malaria parasitemia (aOR =1.27, 95% CI, 
1.05 - 1.53, p=0.01), while self-reported insecticide-treated bed net (ITN) 
use the prior evening was not. HIV-infected individuals had a lower odds 
of parasitemia when compared to uninfected persons (aOR=0.09, 95% CI 
0.06-0.15, p=<0.01), likely representing this group’s use of trimethoprim-
sulfamethoxazole prophylaxis. Among HIV-infected adults, a CD4 count 
of less than 200 was associated with parasitemia (aOR = 7.00, 95% 
CI 1.18 - 41.39, p=0.03), while antiretroviral use was not. These data 
show extremely high levels of parasitemia at all ages in a highly endemic 

community in Uganda, including an overall prevalence of 82.1% and a 
greater than 60% prevalence in adults. Successful malaria elimination 
efforts need to address high-level parasitemia across all age strata.
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COLOMBIAN REGIONS: IMPORTANCE OF ASYMPTOMATIC 
SUBJECTS AS TRANSMISSION FOCI
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Ochoa-Orozco1, Nora Martínez1, John García1, Andrés F. Vallejo1, 
Yoldy Benavides1, Angélica Castellanos1, Juliana Henao-Giraldo1, 
Myriam Arévalo-Herrera2, Sócrates Herrera1

1Caucaseco Scientific Research Center, Cali, Colombia, 2Caucaseco 
Scientific Research Center and School of Health, Universidad del Valle, 
Cali, Colombia

Despite major progress towards Malaria Control in Colombia and Latin 
America, it still remains as an important public health problem. However, 
control and elimination programs still rely on methods incapable of 
detecting most of asymptomatic subjects, which endure untreated as 
potential reservoirs for transmission. Here we describe the epidemiology 
of malaria in non-Amazonian Colombian endemic regions throughout a 
three year follow-up, and discuss the importance of asymptomatic subjects 
and their persistence for malaria elimination. We conducted a series 
of cross-sectional surveys in eleven sentinel sites (SS) of Buenaventura, 
Tierralta and Tumaco, Colombia in 2011, 2013 and 2014, in which a 
census was taken and a random sample of houses drawn from each SS. 
People from the selected houses were asked to complete a questionnaire 
about clinical, epidemiological and demographic information and provide 
a blood sample for diagnosis of malaria by thick blood smear microscopy 
(TBS) and real time polymerase chain reaction (qPCR). Additionally, cases 
were georeferenced. A total of 3,046 samples were taken from all the SS 
whereof 58% were women. A total prevalence of 9.7, 7.3 and 3.5% was 
found in 2011, 2013 and 2014 respectively by qPCR. Only 2% of the cases 
detected by qPCR were detectable by TBS and 73% of all infected subjects 
were asymptomatic. Whereas Buenaventura and Tierralta presented a 
consistent prevalence decrease along these years, Tumaco had a rise of 
malaria cases in 2013 but then decreased in 2014. P. vivax accounted 
for the majority of cases in Tierralta and Buenaventura but only 33-50% 
of the cases in Tumaco. During two consecutive cross-sectional surveys 
conducted, two people remained positive and asymptomatic for malaria. 
In this study we found an important prevalence of malaria in endemic 
regions considered to be of low and moderate transmission. The fact that 
only 2% of the cases were detectable by TBS, which is the most widely 
used diagnostic method by National Malaria Control Programs, highlights 
the importance of considering the introduction of molecular methods for 
the diagnosis of malaria as a public health tool.
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CROSS-SECTIONAL STUDY
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Malaria in pregnancy (MIP) is a serious health risk for the pregnant woman 
and fetus and associated with mortality in the perinatal period. In Rwanda 
there has been no accurate national estimate of malaria prevalence 
among pregnant women. In 2011, a cross-sectional study of 6 districts 
in 3 malaria transmission zones (low, medium and high) in Rwanda 
was conducted to estimate the prevalence of peripheral parasitemia in 
pregnant women. Data were collected from consenting women presenting 
to antenatal clinics (ANC) for the first time in their current pregnancy 
including age, parity, gestation, ITN availability and use. Blood was 
obtained for malaria testing using microscopy, rapid diagnosis tests and 
polymerase chain reaction (PCR). A total of 4,037 pregnant women were 
recruited with median age of 27 years, and 3,781 (93.7%) had usable 
PCR samples. The prevalence of MIP by PCR was 5.6%. Nearly 20% of 
women’s families did not have a net, and 8.7% of these tested positive 
compared to 4.9% of women whose family owned an ITN. For those 
who did not sleep under an ITN the previous night, 8.1% tested positive 
compared with 4.8% who slept under an ITN. Malaria prevalence by parity 
ranged from 5.5% (parity 0-1), to 5.4% (parity 2-3), and 6.5% (parity 4 
or more). The two districts that bordered highly endemic countries had 
MIP prevalence rates of 10% and above. Those testing positive were 
treated according to national guidelines. Despite a significant decline of 
86% in malaria prevalence in the general population from 2005 to 2011, 
MIP prevalence remains high, especially in border districts. Our study also 
showed that ITN ownership and use among these pregnant women is 
below the national target. In order to address this gap, ITN distribution to 
achieve universal access, and educational campaign targeted at pregnant 
women on the use of ITN are recommended. Furthermore, early detection 
and treatment of MIP at ANC and regional collaboration to reduce cross-
border malaria transmission should be prioritized.
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More than 90% of malaria cases of Bangladesh are caused by 
Plasmodium falciparum. Despite the recommendation for the use 
of msp1, msp2, and glurp as markers in drug efficacy studies by WHO 
and their limited use in Bangladesh, still the circulating P. falciparum 
population genetic structure has not been assessed systematically in 
the country. The present study is the first comprehensive report of the 
circulating P. falciparum population structure based on msp1, msp2, 

and glurp in seven most malaria endemic districts out of thirteen 
malaria endemic districts of Bangladesh. Among the 130 pretreatment 
P. falciparum field isolates, 14, 20, and 13 distinct genotypes were 
observed for msp1, msp2, and glurp, respectively. We found 94.62% 
polyclonal infections, which is almost similar to some holoendmic areas 
of Sub-saharan Africa. The heterozygosity for msp1, msp2, and glurp 
was 0.89, 0.93, and 0.83, respectively. These MOI’s fall within the range 
of MOI’s reported in hypoendemic areas of Southeast Asia. Even though 
Bangladesh is a malaria hypoendemic country, the prevalence of polyclonal 
infection and the genetic diversity in P. falciparum do not represent 
hypoendemicity.
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POPULATION STRUCTURE: THE PHYLO-DYNAMICS OF 
PLASMODIUM FALCIPARUM IN PAPUA NEW GUINEA
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Papua New Guinea (PNG) has the highest burden of malaria outside 
of Africa with intense year round transmission ranging from hyper- to 
holo-endemic in the lowland and coastal areas to largely absent in the 
highlands. The country’s extremely diverse biogeography contributes 
to variable parasite population dynamics and transmission, even across 
the highly endemic areas. Recently, we have shown that the population 
structure of Plasmodium falciparum on the north coast of Papua New 
Guinea (PNG) is fragmented. Should such population fragmentation and 
structure be observed throughout PNG then mapping of this geographical 
diversity will enable the monitoring of changes in populations, the 
identification of routes of migration, predict the spread of drug resistance, 
and pinpoint the source of outbreaks. Such knowledge will be valuable for 
the success of malaria elimination and control programmes as it will enable 
informed choices to be made. Using microsatellite markers, mitochondrial 
sequences, and genome wide SNP data, from three geographically distinct 
populations within PNG, we are investigating P. falciparum’s genome 
dynamic nature, and demographic structure. Exploring fundamental 
biological questions regarding the genetic history. In addition, we are 
working towards defining a high-resolution map of parasite population 
networks and migration patterns throughout PNG. Using state-of-
the-art Fluidigm Integrated Fluidic Circuit SNP genotyping, a panel of 
geographically informative single nucleotide polymorphisms (SNPs), and 
a national cross-sectional P. falciparum dataset of isolates covering all 
endemic areas of PNG. These results will have direct translational benefits 
by identifying isolated populations that may be targeted for elimination, 
and will provide a database of genotypes to map the origins of imported 
infections and outbreaks in areas where malaria is normally absent.
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A -1447 A>G POLYMORPHISM IN THE HUMAN CXCL10 GENE 
PROMOTER IS ASSOCIATED WITH CHILDHOOD MALARIA
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Background The risk factors for severity of malaria pathogenesis and the 
wide variation in clinical manifestations of malaria are poorly understood. 
Recent studies indicate that interferon gamma inducible chemokine, 
CXCL10, is a predictor of both human and experimental cerebral malaria 
severity. In addition, polymorphisms in the CXCL10 gene promoter has 
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been associated with increased CXCL10 production, which is linked to 
severity of malaria in Indian malaria patients. In the present study, we 
hypothesized that in a subset of Ghanaian malaria patients, susceptibility 
to malaria is associated with different variants of the CXCL10 gene. 
Method: We assessed basic demographics that may impact our assessment 
including age, gender, hemoglobin levels, sickle cell status CXCL10 
plasma levels and CXCL10 polymorphism. We determined whether 
polymorphisms in the CXCL10 gene are associated with the clinical 
status of malaria patients. We tested several known polymorphisms and 
identified one reported single nucleotide polymorphism in the CXCL10 
promoter (-1447A>G [rs4508917]) and compared 382 malaria and 115 
non malaria cases using PCR-restriction fragment length polymorphism 
method. Results: The median age for malaria patients was 4 years and that 
for non-malaria patients was 13 years. There was significant difference 
with regards to hemoglobin, hematocrit, wbcs level, CXCL10 plasma 
levels between malaria patients and non-malaria patients, p=0.001. The 
-1447A>G genotype of the CXCL10 gene was significantly associated 
with malaria (adjusted odds ratio =2.55, 95% CI=1.13-5.74, p=0.024).). 
In addition, individuals with the 21447(A/G) genotype had significantly 
higher plasma CXCL10 levels than individuals with the 21447(A/A) 
genotype. Stratifying patients according to gender, the observed 
association of malaria with over expression of CXCL10 were more 
pronounced in females than in male patients (AOR = 5.47, 95% CI = 1.34-
22.29, p = 0.018. Conclusion: These results suggest that the -1447A>G 
polymorphism in CXCL10 gene promoter could be partly responsible for 
malaria outcomes in Ghanaian malaria children.
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In Senegal, strategies such as Intermittent Preventive Treatment in 
pregnancy (IPTp) (SP) and Seasonal Malaria Chemoprevention (SMC) using 
sulfadoxine-pyrimethamine (SP) and SP plus amodiaquine, respectively 
have been implemented while artemisinin-based combination therapies 
are used to treat uncomplicated malaria. These strategies have largely 
contributed to the decrease of malaria morbidity and mortality in the 
country. However, the successful control of malaria is highly dependent 
on continued effectiveness of these drugs which may be compromised by 
the spread of drug resistance. Therefore surveillance of drug resistance in 
the malaria parasites is essential. The objective of this study was to test 
the feasibility of routinely sampled malaria rapid diagnostic tests (RDTs) at 
a national scale to assess the temporal changes in the molecular profiles 
of antimalarial drug resistance markers of P. falciparum parasites. A low-
cost sampling procedure of RDTs was established at 14 malaria sentinel 
sites across the country. Overall 4339 RDT positives were collected during 
2014 out of which, a subset of 700 RDTs (50 RDTs per site) was randomly 
selected for initial SNPs analysis of the Pfcrt gene by PCR-SSOP ELISA 
methodology. Among the 700 selected and extracted RDTs, 598 (85.4%) 
was confirmed P. falciparum positive by Pfcrt PCR. The prevalence of the 
Pfcrt wild type CVMNK haplotype was above 75% in the North-eastern 
regions including Dakar while a lower prevalence at 65% and 56% was 
observed in the Central and South regions, respectively. In conclusion, 
this study showed that routine sampled positive RDTs can be successfully 
amplified by PCR and used for routine surveillance of antimalarial drug 
resistance. Further sampling of RDTs and analysis of other markers of drug 
resistance (e.g. Pfmdr, Pfdhfr, Pfdhps, K13) are ongoing which will provide 
temporal trends of these markers and potentially aid drug policy makers in 
timely decisions regarding choice of antimalarial drugs.

320
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IMMUNE COLOMBIAN VOLUNTEERS IN A PLASMODIUM 
VIVAX SPOROZOITE CHALLENGE
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In endemic regions the continued exposure to the malaria parasite induces 
significant levels of clinical immunity in individuals who develop lower 
morbidity and almost no mortality. This immunity is very complex and 
slow processes, but little is known about the immunological response to 
Plasmodium vivax in early infections and how the immune system may 
be boosted during vaccination. This study hypothesizes that the partial 
clinical immunity observed in semi-immune volunteers from Buenaventura 
(high prevalence) compared to naïve individuals from Cali (no transmission) 
is associated with altered peripheral blood gene expression. To explore the 
difference in gene expression between semi-immune and naïve individuals 
experimentally exposed to viable P. vivax sporozoites, we describe a 
transcript profile analysis in these volunteers using nanofluidic Fluidigm 
quantitative RT-PCR arrays and RNASeq. Previous malaria experience 
has a relatively minor variation effect, although it does separate the two 
clusters in the overall profiles of expression among the samples. There 
is little evidence for transcriptional changes prior to the appearance of 
blood stage parasite at diagnosis day (day 12 or 13). At the parasitemia 
onset, there is a strong interferon response reflected in up-regulation 
of co-regulated transcripts, while unexpectedly we also see down-
regulation of transcripts related to TLR signaling and innate immunity. 
This differential expression was confirmed with the RNASeq, which also 
suggested differential expression of reticulocytes and a subset of T cell 
function. No obvious difference in the transcriptomes of naïve and semi-
immune volunteers was seen, however several hundred genes were up-
regulated in naïve individuals. Interaction analysis showed 175 genes with 
a significant Time-by-Population effect at p<0.05, most of these genes are 
more strongly up- or down-regulated in the naïve individuals. This study 
shows that gene expression is strong in naïve volunteers in comparison to 
semi-immune at the time of diagnosis. Gene expression of lymphocytes 
can thus be used to establish how semi-immune exposure modifies their 
activation.
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VARIANTS (VK210, VK247 AND PLASMODIUM VIVAX-
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The Plasmodium vivax Circumsporozoite Protein (CSP) is the most 
abundant polypeptide present in the sporozoite covering. Based on csp 
gene, two variants, VK247 and P. vivax-like, have been described that 
differ from the classical form (VK210) by sequence variations in the 
central region of the gene. The distribution of these variants seems to be 
universal and an important issue is the possibility of differential response 
to treatment is depending on the genotype of the parasite. Here, we 
characterized the CSP variants circulating in Brazilian malaria-endemic 
area and associated the presence of these variants with different profiles 
of sensitivity to chloroquine and mefloquine. The P. vivax isolates were 
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collected in Manaus, Amazonas. The determination of CSP variants was 
performed by PCR-RFLP or PCR-sequencing and sensitivity to chloroquine 
and mefloquine was determined by the colorimetric DELI-test. VK210 was 
the most prevalent, detected in 92% of samples while VK247 variant was 
observed in 14.7% of samples. Single infection with VK210 was observed 
in 85.2% of samples, single infection with variant VK247 was observed in 
7.9% of the samples and mixed infection (VK210 + VK247) was observed 
in 6.8% of samples. The mean IC50 in the presence of chloroquine 
were 61nM, 25nM and 21nM for VK210, VK247 and VK210+VK247, 
respectively. The mean IC50 in the presence of mefloquine were 24nM, 
32nM and 10nM for VK210, VK247 and VK210 + VK247, respectively. 
No association was derived in the resistance or susceptibility profile or in 
the IC50 values in presence of chloroquine or mefloquine determined by 
DELI-test and the presence of the CS variants of P. vivax. Conclusions: 
the classical form VK210 is more prevalent in the studied area and that 
the presence of VK210 appears not to be associated with susceptibility or 
resistance to chloroquine and mefloquine in the studied area.
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DECREASE OF HEMOGLOBIN LEVELS IN AFRICAN CHILDREN 
WITH SEVERE MALARIA ASSOCIATED WITH GLUCOSE-6-
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Red blood cell polymorphisms, including glucose-6-phosphate 
dehydrogenase (G6PD) deficiency and hemoglobinopathies confer relative 
protection from severe malaria. However, their true impact on clinical 
parameters during severe malaria remains poorly understood. In this 
study we determined the frequencies of accountable genetic variants and 
investigated their effects on baseline parasitemia and hemoglobin levels in 
African children with severe malaria. A total of 278 children aged 6 to 120 
months with severe malaria were enrolled into this study. G6PD deficiency 
(G202A and A376G) and hemoglobin variants (HbC and HbS) were 
determined by direct sequencing of the genome regions harboring the 
variants. The overall prevalence of G6PD deficiency (G6PD*A-) was 12.9%; 
14.4% of children were female heterozygous (G6PD*A), while 72.7% 
were G6PD normal (G6PD*B). 87.9%, 3.6% and 8.2% of children had 
the HbAA, HbAC and HbAS genotypes, respectively. Only one female child 
was homozygous for HbSS. HbCC and HbSC variants were absent. Using 
a multivariate regression analysis, G6PD variants were associated with 
decreased hemoglobin concentrations of 2.7 g/dL in G6PD heterozygous 
(P<0.0001) and 1 g/dL in G6PD deficient (P=0.009) children. However, 
there was no effect on adjusted log mean parasite densities (P=0.287). 
We found a significant association between the hemoglobin variants and 
the mean temperature (P=0.015). In fact, on admission, HbAS children 
had a higher temperature (37.8 ± 1.2°C), while lower temperatures 
(15.3 ± 4.4°C) were found in HbAC individuals. There was no effect of 
hemoglobin variants on parasitemia and hemoglobin levels. In addition, 
G6PD and hemoglobin variants did not have any association with severe 
malaria anemia. G6PD polymorphisms contribute to the reduction of 
hemoglobin levels in African children with severe malaria without leading 
to severe malarial anemia. This study confers further knowledge to help 
understand the effect of G6PD deficiency and hemoglobinopathies during 
malaria infection in endemic countries.
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Multidrug resistant P. falciparum (MDR Pf) malaria is a critical issue in 
Cambodia, with multiple artemisinin combination therapies losing their 
effectiveness in recent years. Atovaquone, in combination with proguanil 
(MalaroneTM) has been used in limited areas of Cambodia to treat 
MDR Pf. In a recent trial showing clinical failure of DHA-piperaquine, 
we evaluated in vitro atovaquone susceptibility and looked for point 
mutations in the Pf cytochrome bc1 gene, known to confer atovaquone 
resistance. Parasites from the last 62 of 101 adult patients treated with 
DHA-piperaquine in Northern Cambodia were genotyped for mutations 
at codon 268 in the cytochrome bc1 gene. A high resolution melting RT-
PCR assay (HRM-RTPCR) offering faster turn-around times was compared 
to conventional DNA sequencing. In vitro drug sensitivity was assayed 
using an HRP-2 assay with W2 and C2B P. falciparum reference clones 
used as susceptible and resistant controls, respectively. The geometric 
mean atovaquone IC50 was 5.0nM for the sensitive W2 clone, 6.6 nM for 
62 Cambodian isolates (no difference from W2) and 11,000 nM for the 
resistant C2B reference clone. None of the 62 isolates had cytb codon 268 
mutations by either HRM-RTPCR or DNA sequencing. Despite recent ACT 
failures in the area, there does not appear to be significant atovaquone-
proguanil resistance at this time. Although use as a first line agent is 
not recommended, atovaquone-proguanil remains a safe and effective 
alternative therapy for MDR Pf in northern Cambodia, and may serve as a 
stop-gap measure until more effective therapies are developed.
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In Brazil, the Plasmodium vivax has been the most prevalent species, 
accounting for approximately 88% of malaria cases in the Brazilian 
Amazon region. Polymorphism in genes of molecules involved in immune 
response may influence the response and consequently the establishment 
of the parasite. The polymorphism TCRBV3S1 (C/T) has been widely 
investigated because it seems to significantly affect the repertoire of T cell 
receptors for modifying the development capacity of an imune response.
The aim of this study was to identify the polymorphism, estimate the 
allele and genotype frequencies and associate these polymorphisms 
with parasitaemia of the individual.We analyzed 83 blood samples from 
patients from Goianesia, Para State, Brazil, with vivax malaria diagnosed by 
molecular biology and thick drop test. DNA samples were amplified by PCR 
and the resulting amplification fragments were 431bp, subsequently, were 
digested with the Pvu. Homozygous individuals were identified by the 
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presence of a single fragment of 431 bp. However, mutants homozygotes 
for the other allele were identified by the presence of a fragment of 
352 bp and the heterozygotes by the presence of two fragments of 352 
and 431 bp. All statistical analysis was performed using the R program 
v 2.11.1 (http://www.r-project.org). Differences in median parasitaemia 
in relation to genotypes were evaluated using the nonparametric Mann-
Whitney test. P values < 0.05 were considered significant. The results for 
the polymorphism in TCRBV3S1 demonstrate that the most frequente 
genotype was the TC (45.8%) and the most frequent allele was C 
(82.5%). Polymorphism tested were in Hard-Weinberg Equilibrium. The 
parasitaemia ranged from 15 to 70,000 with a mediam of 1,500 parasites 
per microliter of blood. There was no difference in parasitaemia in relation 
to TCRBV3S1 genotypes (p = 0.19). No significant association was found 
between the polymorphisms tested and vivax malaria. The results suggest 
that genetic variant analyzed in gene segment of the TCR do not affect 
the functionality of the molecules so that it can interfere with parasitaemia 
of malaria caused by P. vivax.
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Plasmodium ovale curtisi and P. ovale wallikeri are distinct malaria 
parasites both known to cause liver relapse as seen with P. vivax. 
This ability to reside in the liver as hypnozoites provides a reservoir for 
continuous transmission of the parasite which is a threat to malaria 
control. Although P. ovale spp often occur in very low parasitaemias and 
as mixed infections with P. falciparum, they contribute to the malaria 
burden. Recent evidence suggests that these two ovale parasites are very 
closely related yet genetically distinct. There is also a clear phenotypic 
difference between them related to the duration of pre-erythrocytic 
latency, and as such represents an ideal system in which to identify 
candidate genes linked to hypnozoisis. We hypothesized that if genome 
data were available for both both ovale parasite species, new insights into 
the species barrier between them could be gained using a comparative 
genomic approach. We attempted the first genome sequence of a P. ovale 
wallikeri isolate, derived from an imported case of ovale malaria in the 
UK, using an Illumina Miseq platform in-house at LSHTM. We generated 
the first ever partial genome sequence for P. ovale wallikeri, which we 
will compare with partial published data for P. ovale curtisi. The multicopy 
extra-chromosomal genomes of the apicoplast and mitochondrion were 
particularly well represented. These were compared against genome 
sequence data from other Plasmodium species, including P. falciparum, 
P. knowlesi and P. vivax.
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ASSOCIATIONS OF ANTIBODY RESPONSES THE PROTECTION 
FROM CLINICAL MALARIA IN A HIGHLAND KENYA AREA OF 
LOW TRANSMISSION

Karen E. Hamre1, Bartholomew Ondigo2, George Ayodo2, John 
Vulule2, Chandy C. John3

1University of Minnesota, Minneapolis, MN, United States, 2Kenya Medical 
Research Institute, Kisumu, Kenya, 3University of Minnesota, Minneapoils, 
MN, United States

Establishing markers of protection in low transmission settings is important 
in determining how to assess risk in these less-immune populations. It is 
inherently difficult to predict correlates of protection in low transmission 

settings due to the limited number of cases, but our longitudinal 
prospective study allowed for this testing of antibody responses to 
multiple antigens over a time period of 6 years. We performed a nested 
case-control study with 3 controls matched to every case on village and 
age. Plasma samples from a blood collection that targeted the entire 
cohort performed from April-June 2007 were used to test antibody 
responses to 11 antigens (10 using Multiplex assay, 1 using enzyme-linked 
immunosorbant assay). Cases were identified as having a measured fever 
or reported fever or headache in the presence of Plasmodium falciparum 
malaria detected by microscopy from the Ministry of Health dispensary-
based surveillance performed from June 2007-June 2013. Controls were 
followed for the same time period as cases without detection of clinical 
malaria. Conditional logistic regression performed on laboratory results 
of 620 plasma samples (155 cases, 465 controls) identified 2 antigens 
where a positive antibody response, defined as >= 1 arbitrary unit, was 
statistically significantly associated with protection from clinical malaria 
over a 6 year period in a highland Kenya area with unstable malaria 
transmission. Specifically, subjects whom elicit a positive response to 
GLURP-R2 have a 42% decrease in odds of developing clinical malaria 
compared to subjects who do not elicit a positive response over this time 
period (OR = 0.58, 95% CI: 0.37, 0.90, p=0.016). Similarly, subjects 
whom elicit a positive response to LSA-NRC have a 42% decrease in odds 
of developing clinical malaria (OR= 0.58, 95% CI: 0.38, 0.89, p=0.013). 
Identifying markers of protection in less-immune individuals are important 
for future vaccine development as malaria control efforts continue to 
increase, transmission will continue to decrease, leaving many populations 
living in transmission settings similar to our highland cohort.
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MEMORY CD4 T CELL ACTIVATION IN CHRONIC MALARIA 
INFECTION

Samad Ibitokou, Brian E. Dillon, Michael M. Opata, Robin 
Stephens 
University of Texas Medical Branch, Galveston, TX, United States

Development of long-lived memory T cells is the cellular basis for 
vaccination. However, the potential for survival of protective effector 
memory T cells (Tem) in malaria is not well understood. It is well-
documented that activated effector cells (Teff) increase glycolysis for 
proliferation while quiescent memory T cells predominantly rely on fatty 
acid oxidation for energy generation during homeostatic proliferation. 
However, Tem don’t do homeostatic proliferation and the mechanisms 
allowing Tem to survive to the memory phase, and yet maintain their 
protective effector functions, is unknown. To understand the metabolic 
status regulating survival in Tem during chronic malaria infection, we 
compared gene expression profiles of Plasmodium chabaudi MSP-1-
specific B5 TCR transgenic Teff and Tmem. Strikingly, we observed up-
regulation of the genes involved in lipid biosynthesis, without concomitant 
upregulation of fatty acid oxidation, in Tem compared to Teff. These data 
were supported by high lipid content in Tem compared to Teff using 
Bodipy 409/502 staining by flow cytometry, and by electron microscopy, 
which nevertheless showed lipid droplets next to active mitochondria. 
However, the increase in fatty acid synthesis here was not coupled with 
an increase in mitochondria, suggesting a novel function of fatty acid in 
effector memory cells other than fatty acid oxidation. To assess whether 
fatty acid biosynthesis is required for Tem generation or maintenance 
in chronic malaria infection, we analyze activation and memory cell 
formation in malaria-specific T cells throughout infection in animals 
treated with drugs that inhibit fatty acid biosynthesis. Blocking fatty 
acid synthesis pathway reduces memory T cell survival. These findings 
will help to understand the metabolic pathways that control generation 
and maintenance of protective Tem during chronic malaria infection and 
may suggest new generation metabolic adjuvants for malaria vaccine 
development.
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IMPACT OF SEASONAL MALARIA CHEMOPREVENTION IN 
THE PRODUCTION OF MSP1 THE AMA1 ANTIBODIES IN 
SENEGAL

Annie W. Abiola 
UCAD, Dakar, Senegal

Malaria remains a major disease in many African countries, caused an 
estimated 243 million cases of clinical malaria and 863 thousand deaths 
globally 2008. The acquisition of immunity to clinical malaria is usually 
acquired the first five years of life depending on the intensity of malaria 
transmission. Nowadays, many strategies such as IPTic /SP are used for 
prevention in children. Intermittent Preventive Treatment for children 
(IPTc) against Plasmodium falciparum malaria is administered at defined 
intervals curative doses independently of the presence of parasites or 
symptoms. IPTc could however delay the acquisition of the antibodies 
which are managed against the malaria to this group of children. In 
this optics we want to understand the impact of this strategy in kinetics 
of specific antibodies against malaria on the acquisition of antibody 
in children living in zone of unstable transmission. This study measure 
the kinetics of antibodies MSP-119 and AMA-1 by ELISA, which are 
recombinantes proteins specifically managed against the membrane of 
Plasmodium falciparum. To evaluate the impact of IPTic /SP on antigenic 
variation in rural areas of three districts, all children aged 11mths-10years, 
in Senegal. Our results show that young children under 5 years are 
the ones who produce most antibodies and this production increases 
significantly with age (p=0, 0001). Production of AMA-1 antibody is more 
important (27, 09 %) than MSP-119 antibody (13, 69 %). Control zone 
produce more antibodies than intervention zone, the PSP is a factor which 
can modifies the production of antibody. Seroepidemiology can provide 
key information on malaria transmission for control programmes, when 
parasite rates are low.
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CHILDREN IN A MALARIA ENDEMIC REGION
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Immune dysregulation caused by Plasmodium falciparum (Pf) infection 
may impair the control of malaria infection, but may on the other hand 
contribute to the clinical immunity that is observed to develop with 
increasing age. Although others have shown robust expansion of the 
malaria-responsive Vδ2 subset of γδ T cells during acute infection in 
previously naïve individuals, we have shown that heavy malaria exposure 
is associated with loss and dysfunction of these cells, and that this process 
is associated with tolerance to subsequent Pf infection. Our aim was to 
investigate the impact of age on changes in the absolute numbers of 
peripheral blood γδ T cells following an acute malaria episode in Tororo, 
Uganda, a setting of high malaria endemicity. Children in 3 age groups 
(1-3yrs, 4-6yrs, 7-10yrs) who presented with acute febrile malaria were 
enrolled from a larger cohort study, and a blood sample was drawn at 
enrollment. Participants were treated for malaria and follow-up blood 

draws were performed at 3, 6, and 9 weeks. Cells were stained with 
antibodies to CD3, CD4, Vδ2, and Vγ9, and acquired on a BD Accuri flow 
cytometer. To date, 41 children have been enrolled in this study (1-<4 yrs, 
n=12; 4-<7 yrs, n=15; 7-10 yrs, n=14). Overall, we observed a significant 
increase in the absolute count of Vδ2 (p=0.001), Vγ9 (p<0.001) and 
Vδ2+Vγ9+ T cells (p=0.004) between the acute malaria episode and at 3 
weeks follow-up. However, we observed significantly greater induction 
of Vδ2+ T cells among children aged 1-<4 compared with children 7-10 
years of age (P<0.001 utilizing repeated measures generalized estimating 
equations controlling for age and Day 0 parasite density.) This suggests 
that Vδ2 T cells significantly expand in the peripheral circulation following 
acute malaria infection, but there are age-associated differences in this 
expansion in heavily exposed children. These data are consistent with the 
hypothesis that alterations in Vδ2 T cell function may play a role in the 
development of clinical immunity to malaria.
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MECHANISMS UNDERLYING THE INDUCTION OF IL-27-
PRODUCING CD4+ T CELLS DURING IMMUNE RESPONSES 
AGAINST INTRACELLULAR PATHOGENS

Henrietta Terko Doe, Daisuke Kimura, Mana Miyakoda, Masoud 
Akbari, Kazumi Kimura, Katsuyuki Yui 
Nagasaki University, Nagasaki, Japan

CD4+ T cells play critical roles in protection against blood-stage malaria. 
During malaria infection, there is a coordinated upregulation of the 
integrins CD11a and CD49d. The upregulation these integrins can be 
used as surrogate markers to directly identify Plasmodium-specific CD4+ 
T cells responding to blood stage infection. We have reported that during 
Plasmodium berghei ANKA (PbA) infection, a subpopulation of malaria-
specific CD4+ T cells produce IL-27, a heterodimeric regulatory cytokine of 
the IL-12 family composed of p28 and EBI3. These IL-27-producing CD4+ 
T cells, which we have designated as Tr27 cells, inhibit IL-2 production as 
well as clonal expansion of effector CD4+ T cells, and express the T cell 
inhibitory receptors LAG-3 and PD-1. In this study, we investigated the 
conditions under which Tr27 cells are induced. First, we infected C57BL/6 
mice with various malaria strains such as P. yoelii, P. chabaudi, P. vinckei, 
as well as Listeria monocytogenes. Specific CD4+ T cells responses during 
infection were investigated using CD11ahiCD49dhi as markers for specific 
T cells by flow cytometry. Specific CD4+ T cells from all the Plasmodium-
infected mice expressed the inhibitory receptors LAG-3 and PD-1, whereas 
those from Listeria-infected mice did not. ELISA results revealed that 
IL27p28 was produced by CD4+ T cells from Plasmodium-infected mice 
but not by CD4+ T cells from Listeria-infected mice, suggesting that Tr27 
cells are induced in only Plasmodium species. MyD88 and TRIF are critical 
adaptor molecules in toll-like receptor (TLR) signalling. So we examined 
whether TLR signaling is critical for the induction of Tr27 cells. CD4+ T 
cells from both MyD88 KO and TRIF KO mice infected with PbA produced 
IL-27. Finally, we examined the involvement of LAG-3 and PD-1 signalling 
in induction of Tr27 cells. CD4+ T cells from mice treated with anti-PDL-1 
and anti-LAG-3 mAbs produced IL-27p28 at levels lower than untreated 
mice during infection with PbA. Taken together, our results suggest that 
Tr27 cells develop during infection with Plasmodium species in a manner 
independent of TLR signalling but possibly dependent on LAG-3/PD-1 
signalling.
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THE EFFECT OF IN UTERO EXPOSURE THE PLASMODIUM 
FALCIPARUM MALARIA ON CORD BLOOD T REGULATORY 
CELLS THE CYTOKINES IN KENYAN INFANTS
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It is well documented that infants born to mothers with placental malaria 
are more susceptible to Plasmodium falciparum malaria infections, 
other infections during infancy as well as impaired immune responses to 
vaccines. Immunologic differences are also evident in children born to 
mothers with placental malaria such as increased frequency of regulatory 
CD4+ T-cells (Tregs) in cord blood and alterations in cord blood cytokine 
levels. However, these previous studies evaluated malaria exposure based 
on placental malaria infection at parturition. In this study, we asked 
whether malaria exposure during pregnancy altered the cord blood cellular 
immune profiles. Clinical and parasitological data were collected from the 
expectant women during all their ANC visits and at delivery to determine 
their malaria histories during gestation. Immediately after delivery, cord 
blood was collected and processed immediately. CBMC were stained 
using a panel of monoclonal antibodies to identify ex vivo Treg cells by 
flow cytometry. The concentrations of circulating pro-inflammatory and 
anti-inflammatory cytokines and chemokines were evaluated in cord 
blood plasma by Luminex bead based assay. The frequency of CD4+ Treg 
cells was increased in cord blood of malaria exposed infants compared to 
unexposed infants. These Treg cells mainly expressed the naïve phenotype 
(CD45RA+). No difference in the frequency of CD4+ Treg cells in cord 
blood of infants who were exposed to malaria either early or late in 
gestation was observed. Cord blood from Kenyan infants had increased 
levels of pro-inflammatory cytokines TNF-α, IL-8, IL-2R and chemokines 
RANTES and MIP-1β compared to North American cord blood. Exposure 
to malaria in utero also results in the expansion of CD4+Treg cells in cord 
blood and may contribute to the increased susceptibility to infections as 
observed in children born to mothers with placental malaria.
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Placental malaria remains a major cause of maternal and child morbidity 
in sub-Saharan Africa, and there is evidence that in utero exposure 
to malarial antigens leads to increased susceptibility to malaria in early 
childhood. The Vδ2 subset of γδ T cells possess intrinsic reactivity to 
malaria antigens and may represent an important anti-malarial effector 
mechanism, but we have shown that repeated exposure to malaria in 
early childhood is associated with loss and dysfunction of this subset. Our 
aim was to investigate the impact of in utero exposure to malaria on 
Vδ2 T cells at birth, leveraging samples from a recently initiated double-
blind placebo-controlled trial of antimalarial chemoprevention during 
pregnancy in Tororo, Uganda, a high endemicity setting. 300 pregnant 
women were enrolled at 12-20 weeks gestation and randomized to 1) 
3-dose sulfadoxine-pyrimethamine (SP) (standard of care, given at 20, 

28, and 36 gestational weeks); 2) 3-dose dihydroartemisinin-piperaquine 
(DP). 3) Monthly DP. Upon delivery, maternal peripheral blood, placental 
blood, and placental tissue were obtained to classify current or prior in 
utero exposure, and absolute counts of cord blood Vδ2 T cells were 
enumerated using flow cytometry. To date, 143 women have delivered; all 
women will have delivered by May 2015. Of 138 deliveries after 28 weeks 
gestation, 5.8% had either a positive placental (n=7) and/or maternal 
peripheral blood smear (n=6), with placental histopathologic diagnosis 
currently being performed. Compared to children born to mothers without 
a positive peripheral or placental blood smear at the time of delivery, 
malaria-exposed infants had significantly higher absolute counts of CD3+ 
Vδ2 cells in cord blood (21.69 vs 78.32 Vδ2 cells/μl, p<0.001) at birth. This 
suggests that in utero exposure to malaria may lead to expansion of Vδ2 
T cells at birth. Results will be updated upon completion of the trial and 
will include chemoprevention assignments and histopathologic diagnoses.
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ANTIBODY RESPONSES THE PLASMODIUM FALCIPARUM 
AND P. VIVAX AND PROSPECTIVE RISK OF PLASMODIUM 
INFECTION POSTPARTUM
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Pregnant women are more susceptible to malaria due to alterations in the 
immune response and the appearance of pregnancy-specific parasites, 
but how these immunological changes influence malaria risk in the 
postpartum period is unknown. A cohort study at the Thai-Myanmar 
border, found that postpartum women experienced less Plasmodium 
falciparum infections, but more P. vivax infections, compared to 
non-pregnant controls. To investigate the immunological basis behind 
these observations we measured IgG levels to P. falciparum antigens 
(PfVAR2CSA-DBL5, PfAMA1, PfEBA-140, PfEBA-175, PfMSP2, PfRh2, 
PfCSP, PfDBL-alpha) and P. vivax antigens (PvAMA1, PvMSP1-19, PvDBP, 
PvCSP) at enrolment (delivery date for postpartum women) and every four 
weeks thereafter over 12 weeks in 201 postpartum and 201 non-pregnant 
individuals paired by residence, age and enrolment date. To investigate 
the association between postpartum status, antibody levels and the time 
to the first microscopically confirmed species-specific infection, a Cox-
proportional hazards regression was performed, modelling antibodies 
as time varying exposures. Higher levels of antibodies against most P. 
falciparum targets were associated with increased risk of P. falciparum 
infection in postpartum women (Hazard Ratio (HR) range 1.55-2.83; 
p range <0.001-0.043) suggesting that antibodies are indicative of a 
history of exposure. In contrast antibodies against P. vivax targets were 
not associated with an increased risk of P. vivax infection in postpartum 
women (HR range 1.06-1.18; p range 0.03-0.63). Similar associations were 
seen in control women suggesting that antibodies do not play a role in 
the differential susceptibility to malaria in the postpartum period in this 
population. This study provides a comprehensive analysis of antibodies 
towards two Plasmodium spp. and contributes to our understanding 
of the association between antibodies and risk of infection postpartum. 
Further investigations examining antibody-independent mechanisms 
of the differential susceptibility of malaria in the postpartum period are 
warranted.
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NATURALLY ACQUIRED IMMUNE RESPONSE TO THE ICAM1 
BINDING PF11_0521_DBL2Β IS ASSOCIATED WITH REDUCED 
RISK OF HIGH DENSITY PLASMODIUM FALCIPARUM 
MALARIA IN YOUNG PAPUA NEW GUINEAN CHILDREN
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Cerebral malaria is characterized by adhesion of Plasmodium falciparum 
infected erythrocytes to the cerebral microvasculature. ICAM-1 has been 
proposed as the key host adhesion receptor in the brain for infected 
erythrocytes causing cerebral malaria. The PfEMP1 variant PF11_0521_
DBL2β has been shown to bind host ICAM1 receptor. We examined the 
association of IgG responses to PF11_0521_DBL2β with subsequent risk 
of P. falciparum malaria at enrolment in 187 children, aged 1-3 years, 
compared to that for four domains from two distinct PfEMP1 variants 
(PF13_0003_NTS-DBL1; PF13_0003_CIDRγ; PFL1955w_NTS-DBL and 
PFL1955w_CIDR). Overall, there was a low prevalence of antibodies 
to all PfEMP1 proteins analysed in this study (9-32%) likely due to the 
young age of the participants. Seroprevalence for the NTSDBL and CIDR 
domains of the group B/C variant, PFL1955w was particularly low in these 
young children (10% and 9% respectively). However, seroprevalence of 
NTSDBLα1 and CIDRγ domains of the group A variant PF13_0003 was 
relatively higher (24% and 28% respectively), as was the seroprevalence 
of the ICAM1 ligand PF11_0521_DBL2β (32%). Antibodies to the three 
group A variant domains were positively associated with concurrent P. 
falciparum infection. Antibodies specific to PF11_0521_DBL2β were 
associated with protection against high-density (≥10000 parasites/
µl) P. falciparum malaria (IRR = 0.63, p = 0.007) independent of age 
and exposure. These results indicate that PF11_0521_DBL2β antibodies 
provide functional immunity against high-density malaria in young PNG 
children. The results highlight the importance of parallel comparisons of 
multiple PfEMP1 domains in identifying serological markers of protection 
and support the further development of this antigen as a malaria vaccine 
candidate.
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In areas where Plasmodium falciparum is transmitted, infected 
erythrocytes (IE) accumulates in the placenta causing placental malaria 
(PM), thus increasing the risk of maternal anemia and low birth-weight 
(BW) babies. Maternal antibodies (Ab) to VAR2CSA have been shown 
to play a key role in reducing the severity of PM in high-transmission 
areas. However, their importance in reducing PM in low-transmission 
areas is less clear. In this study, plasma samples collected at delivery from 
1, 377 women in Yaoundé, Cameroon (low transmission) with (PM+) 
and without PM (PM-) were measured by Luminex for Ab against full-
length VAR2CSA (FV2) and its 6 DBL domains. Samples were collected 
prior to implementation of intermittent preventative treatment (IPT) 
and insecticide-treated bed nets (ITN), allowing us to study natural 
acquisition of Ab to VAR2CSA. Ab levels to FV2 and each of the domains 
were determined and correlated with presence of PM, baby weight, 
and anemia. Furthermore, repertoire of Ab to the 6 DBL domains was 

compared with gravidity and by PM status. In this low transmission area, 
results showed an association between PM+ and lower BW (p<0.0001) 
and increased anemia (p<0.0001), but presence of Ab to FV2 did not 
improve the outcome. PM+ women produced more Ab against FV2 than 
PM- women (p<0.0001). Ab levels increased approximately two-fold with 
gravidity (G1-G6+). Moreover, the number of DBL domains recognized 
by Ab was consistently higher in PM+ (G1=3.2 domains to ≥G6 = 4.2 
domains) than PM- women (G1=1.6 domains to ≥G6 =2.9 domains). 
Therefore, a larger DBL repertoire was found in PM+ than PM- women. 
Thus, Ab levels to FV2 and the breadth of Ab response to DBL domains 
was associated with infection rather than protection from PM. These 
results differ significantly from those reported for high transmission areas 
and need be taken into consideration in vaccine development and creating 
prediction models based on Ab levels.
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During an infection some antigens of the infecting pathogen elicit 
higher antibody responses than others, but the factors underlying this 
heterogeneity are unclear. In this study we sought to understand the 
factors underlying differential antibody reactivity to natural Plasmodium 
falciparum infections. Using a protein microarray containing 1087 P. 
falciparum proteins, we profiled P. falciparum-specific IgG responses 
in plasma samples collected from 267 Malian subjects aged 3 months to 
25 years exposed to intense seasonal malaria transmission every year. We 
examined the relationship between the level of P. falciparum antigen-
specific IgG levels and a number of features of the antigens on the array 
including their subcellular location, presence of MHC class II epitopes, 
protein abundance, molecular weight, presence of human orthologs, and 
degree of polymorphism. We found that IgG reactivity was significantly 
higher to extracellular and plasma membrane proteins, proteins with 
MHC class II epitopes, highly abundant proteins and highly polymorphic 
proteins; whereas IgG reactivity was significantly lower to proteins with 
human orthologs. Multiple regression analysis revealed that extracellular 
location independently predicted higher IgG reactivity, whereas location 
in the plasma membrane predicted low IgG reactivity in highly conserved 
membranes, and conversely high reactivity in highly polymorphic 
membranes. We observed the same findings in our cohort the following 
malaria season. These results provide insights into the proteomic features 
of antigens that underlie the variation in antibody responses during a 
natural infection, information that could inform vaccine strategies.
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MEROZOITE SURFACE PROTEIN-1 FROM PLASMODIUM 
FALCIPARUM IS A MAJOR TARGET OF OPSONIZING 
ANTIBODIES IN INDIVIDUALS WITH ACQUIRED IMMUNITY 
AGAINST MALARIA
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 Malaria, in particular when caused by Plasmodium falciparum, 
represents a huge medical problem in many countries. Individuals living in 
malaria endemic regions can acquire immunity against this often deadly 
disease with increasing numbers of survived infections. This premunition 
is evidently mediated by serum antibodies controlling levels of blood stage 
parasites. Antibodies against various P. falciparum antigens were shown 
to interfere with parasite growth by inhibiting red blood cell invasion. 
In addition, increasing evidence points towards an important role of 
opsonizing antibodies, which bind to the cell-free merozoites and recruit 
immune effector cells such as macrophages or neutrophil granulocytes. 
The merozoite surface protein-1 (MSP-1) is a target of antibodies acquired 
during natural infection. Antibodies to MSP-1 can inhibit parasite growth 
and have been associated with protection against malaria in several 
epidemiological studies, making MSP-1 a promising vaccine candidate. 
Here we use the antibody-dependent respiratory burst (ADRB) assay 
to characterize serum antibodies from semi-immune individuals from 
Burkina Faso. While a few sera were identified, which directly inhibit 
growth of P. falciparum blood stage parasites in vitro, IgG from almost 
all individuals clearly mediated the activation of neutrophils. The level 
of neutrophil activation correlates with antibody levels to MSP-1 and 
affinity-purified MSP-1 antibodies mediate ADRB activity. Furthermore, 
immunization of non-human primates with recombinant full-length MSP-1 
induces antibodies, which efficiently opsonize P. falciparum merozoites. 
Reversing the function by pre-incubation with recombinant antigens 
allows us to quantify the contribution of MSP-1 to the anti-parasitic effect 
of serum antibodies and to map MSP-1 subunits primarily recognized by 
opsonizing antibodies. Our data suggest that MSP-1 is an important target 
of opsonizing antibodies acquired during natural exposure to malaria. 
Induction of opsonizing antibodies might be a crucial effector mechanism 
for malaria vaccines based on full-length MSP-1. 
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TACI IS NEEDED THE CONTROL PLASMODIUM YOELII 
PARASITEMIA THE ANTI-P. YOELII IGG3 ANTIBODY 
PRODUCTION

Marcela Parra, Xia Liu, Amy Yang, Windy Allman, Sheldon 
Morris, Mustafa Akkoyunlu 
Food and Drug Administration, Silver Spring, MD, United States

The transmembrane activator and calcium-modulator and cyclophilin 
ligand receptor (TACI) is involved in B-cell survival, antibody switching and 
plasma cell generation. TACI expression is severely impaired in murine 
and human newborns as compared to adults. To assess the role of TACI 
in murine malaria infections, TACI-KO and the wild type (WT) C57BL/6 
mice were infected (i.p) with 1 million Plasmodium yoelii (Py) parasites. 
After the infection, the parasitemia levels were significantly elevated in 
TACI-KO mice (61.8% at day 18) compared to WT mice (11.1% at day 
11), and parasitemia clearance was substantially delayed in the TACI-
KO (27 days) relative to WT control (18 days). In addition, to investigate 
the impact of TACI on anti-Py antibody production, sera from WT and 
TACI-KO mice were tested by ELISA and Western Blot (WB) assay. The 

ELISA results showed that the TACI-KO mice produce less anti-Py IgG-
antibodies than the WT mice, and the WB results showed that TACI-KO 
mice were impaired in the anti-Py IgG3 production but not the WT mice. 
Several IgG3 specific bands (49, 70-190 kDa) detected in the sera of Py 
infected WT mice were absent in the sera of infected TACI-KO mice. (IgG3 
levels following infection have been associated with clinical immunity to 
malaria). Importantly, measurement of the levels of the B cell activating 
factor (BAFF- a TACI ligand) revealed that serum BAFF concentrations were 
higher in TACI-KO mice than the WT mice after Py infection. Conclusion: 
The TACI receptor plays a key role in the control of Py NL infections, and it 
may mediate anti-Py antibody isotype production and BAFF secretion

339
RESPONSES THE GAMETOCYTE-SPECIFIC PLASMODIUM 
FALCIPARUM ANTIGENS DETECTED BY PROTEIN 
MICROARRAY MAY IDENTIFY MARKERS OF GAMETOCYTE 
EXPOSURE

Jeff Skinner1, Chiung-Yu Huang2, Michael Waisberg3, Philip 
L. Felgner4, Ogobara K. Doumbo5, Boubacar Traore5, Peter D. 
Crompton1, Kim C. Williamson6

1National Institutes of Health, Rockville, MD, United States, 2Johns 
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Malaria elimination efforts would benefit from vaccines that block 
transmission of Plasmodium falciparum gametocytes from humans 
to mosquitos. A clear understanding of gametocyte-specific antibody 
responses in exposed populations could help determine if transmission-
blocking vaccines (TBV) would be boosted by natural gametocyte 
exposure, and could also inform the development of serologic tools 
to monitor gametocyte exposure in populations targeted for malaria 
elimination. We reanalyzed previously published data from microarrays 
containing 1,204 P. falciparum proteins and probed with plasma from 
Malian children and adults collected before and after the 6-month malaria 
season. Using publicly available proteomic data we identified 91 proteins 
as gametocyte-specific and 69 proteins not expressed by gametocytes. 
The overall breadth and magnitude of gametocyte-specific IgG responses 
increased during the malaria season, although they were consistently 
lower than IgG responses to non-gametoctye antigens. Notably, IgG 
specific for the TBV candidates Pfs48/45 and Pfs230 increased during 
the malaria season. Additionally, IgG specific for the gametocyte proteins 
Pfmdv1, Pfs16, PF3D7_1346400 and PF3D7_1024800 were detected in 
nearly all subjects, suggesting that seroconversion to these proteins may 
be a sensitive marker of gametocyte exposure. These findings suggest that 
TBV-induced immunity would be boosted through natural gametocyte 
exposure, and that antibody responses to particular antigens may reliably 
indicate gametocyte exposure.

340
POLYMORPHISMS IN CYTOKINE GENES CAN INFLUENCE ON 
ANTIBODY PRODUCTION AGAINST PVDBP IN BRAZILIAN 
PATIENTS WITH MALARIA VIVAX?

Adriana A. Furini1, Gustavo C. Cassiano2, Marcella P. 
Capobiano2, Marinete M. Povoa3, Luzia H. Carvalho4, Flora S. 
Cano4, Valeria D. Fraga1, Luciana M. Conceicao1, Ricardo L. 
Machado3
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Estadual Paulista, São José do Rio Preto, Brazil, 3Instituto Evandro Chagas, 
Ananindeua, Brazil, 4Instituto Rene Rachoud, Fiocruz/MG, Belo Horizonte, 
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In Brazil, the Plasmodium vivax has been the most prevalent species, 
accounting for approximately 88% of malaria cases in the Brazilian 
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Amazon region. A DBP (Duffy Binding Protein) appears to be a strong 
vaccine candidate. The aim of this study were evaluate SNPS of the TNF-α 
gene, in the IL-10 and IFN-γ can interfere with blood levels of antibodies 
to PvDBP. We analyzed 84 samples from patients from Goianésia of Pará 
city, Pará State, Brazil, with vivax malaria by microscopy and confirmed 
by molecular analysis. Three SNPs in the promoter region of the TNF-α 
gene (-238 G / A, -308 G / A and -1031 T / C) and two IL-10 (-819C/T 
and - 592C/A), one IFN-γ (+874A/T) gene were genotyped by PCR-RFLP 
e ASO-PCR. Standardized ELISA protocol was used to measure IgG 
total against PvDBP. The nonparametric Kruskal-Wallis test was used 
to determine the differences in the antibody levels in relation to the 
genotypes. Sixty two (73,8%) patients produced IgG antibodies against 
PvDBP. All polymorphisms tested were in Hardy-Weinberg equilibrium 
(p-value > 0.05). For the polymorphism at position - 1031 TT in the TNF-α 
gene, the TT genotype had the highest frequency (51%), at position 
-308GG, the genotype GG (80,6%) and position -238 was GG (88,7%) 
in the patients with antibody titers against PvDBP. For the same group, 
the most common genotypes of SNPs in the IL-10 were CT (56,5%) to the 
position-819, e and CA (56,5%) to - 592. The most common genotypes of 
SNPs in the IFN-γ +874 were AA (52,8%).No significant differences were 
observed in the frequencies of genotypes among individuals who were 
positive or negative for IgG antibodies against PvAMA-1.However, it was 
significant association (p = 0.03) for individuals with CGG haplotype of 
the TNF- α (-1031, -308, -208). This study indicated that individuals with a 
TNF-α CGG haplotype are more likely to possess antibodies to PvDBP and 
genetic polymorphisms may play a relevant role in the regulation of the 
antibody response in this population. Although no association observed in 
this study may not entirely exclude their possible link with malaria disease 
pathogenicity/severity.

341
PERIPHERAL THE PLACENTAL BIOMARKERS IN WOMEN 
WITH PLACENTAL MALARIA: A SYSTEMATIC REVIEW

Esmée Ruizendaal1, Elisabeth van Leeuwen2, Henk D. Schallig1, 
Petra F. Mens1
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 Placental malaria (PM) causes significant morbidity in mothers and 
infants. Diagnosis of PM during pregnancy is problematic due to placental 
sequestration of parasites. To circumvent this problem, the immunological 
response in pregnant women to a malaria infection could potentially 
serve as an indicator of ongoing PM. We aimed to identify potential 
host biomarkers that can indicate PM infection caused by Plasmodium 
falciparum by performing a systematic review of the literature. The 
databases of PubMed, Embase and the Cochrane Library were searched 
using specific search terms. This search resulted in 2424 records, of which 
47 were relevant. Both studies on peripheral and placental markers 
were included in our review. Most studies measured biomarkers at 
time of delivery and most focused on inflammatory markers. A trend 
was observed for increased peripheral levels of IL-10 and TNF-α in PM 
positive women at delivery, but due to heterogeneity a meta-analysis 
could not be performed. Although many other biomarkers were studied, 
of which several showed significant differences between PM positives 
and negatives, a few were considered to be of greater interest. These 
were inflammatory markers TNF-R2, CXCL-13, C5a, and suPAR, a lipid 
metabolism marker APO-B and a marker of angiogenesis sFlt-1; each of 
these had additional proof of an association with (placental) malaria or 
its detrimental effects. Although differences in design and test methods 
limited firm conclusions on potential biomarkers, it is unlikely that a single 
biomarker will result in a high enough sensitivity and specificity to detect 
PM. Therefore, it is proposed to study combinations of multiple biomarkers 
involved in different pathophysiological pathways of PM. Furthermore, as 
the majority of published studies tested biomarker levels only at delivery, 

more longitudinal cohort studies will be necessary to inform on the natural 
course of biomarker levels in pregnant women, as well as fluctuations 
during PM.

342
ASSESSING SEROLOGICAL RESPONSES THE MOSQUITO 
SALIVARY GLAND GSG6 PROTEIN AS A MARKER OF 
EXPOSURE THE MALARIA VECTORS IN A REGION OF 
DECLINING TRANSMISSION IN SOUTHERN ZAMBIA

Ben Katowa1, Tamaki Kobayashi2, Harry Hamapumbu1, Jennifer 
Stevenson1, Douglas Norris2, Bruno Arca3, Raffaele Ronca4, Philip 
E. Thuma1, David Sullivan2, Clive Shiff2, William J. Moss2
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Italy, 4Federico II University, Naples, Italy

Various methods for measuring exposure to malaria vectors are 
available. Human landing catches are the gold standard for quantifying 
vector exposure but are less accurate for estimating the entomological 
inoculation rate (EIR) in low transmission settings because of the large 
sample size required to obtain precise estimates. Serologic responses to 
mosquito salivary proteins may provide an alternative method to estimate 
vector exposure in low transmission settings. An enzyme immunoassay 
(EIA) to measure IgG antibodies to Anopheles gambiae salivary protein 
gSG6 was performed using both gSG6-1P peptide and recombinant gSG6 
protein in a region of declining malaria transmission in Choma District, 
Southern Province Zambia. In this setting, a single rainy season, lasting 
from approximately December through March, is followed by a cool, dry 
season from April to July, and a hot, dry season from August to November. 
The malaria vector population, consisting of Anopheles arabiensis, peaks 
during the rainy season. The parasite prevalence as measured by active 
case detection using a rapid diagnostic test was <1% between 2009 and 
2013. 152 blood samples were collected from 92 individuals participating 
in a longitudinal cohort study in June 2013, December 2013 and June 
2014. The median age was 23 years (IQR: 4, 74) and 47% were female. 
The assay using recombinant protein performed better than the assay 
based on gSG6 peptides. When restricted to 16 participants with complete 
visits at three time points, the mean EIA optical density (OD) values were 
0.193, 0.159 and 0.191 at June 2013, December 2013 and June 2014 
respectively. The EIA OD in December 2013 was significantly lower than 
the EIA OD value in June 2013 (p=0.005). The higher OD values observed 
in June suggest increased exposure to anopheline mosquitoes during the 
prior rainy season, with a reduction in detectable antibodies by the end 
of the dry season. These results suggest that the EIA using recombinant 
gSG6 protein can be used to assess exposure to malaria vectors in a low 
transmission setting approaching malaria elimination.

343
NEW ANSWERS THE HOW IMMUNITY IN MALARIA IS 
FORMED: DEVELOPMENT OF PLASMODIUM FALCIPARUM 
SPECIFIC B-CELLS DURING THE FIRST YEAR OF LIFE

Allan Lugaajju1, Reddy Sreenivasulu B2, Caroline Rönnberg2, Mats 
Wahlgren2, Fred Kironde1, Kristina E. Persson3
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 Plasmodium falciparum malaria is still a major health threat in endemic 
areas especially for young children. While it is recognized that antibody 
immunity plays an important role in controlling the disease, knowledge of 
the mechanisms of sustenance and natural boosting of immunity is very 
limited. Before, it has not been possible to investigate malaria specific 
B-cells in flow cytometry, making it difficult to know how much of a B-cell 
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response is due to malaria, or how much is due to other immunological 
stimulators. In this study, we have developed a new technique using 
quantum dots to be able to investigate P. falciparum specific B-cells 
directly in fresh/frozen PBMC samples, something that has not been done 
before. To start with, we compared immune and non-immune individuals 
and found around 20% of the CD19-positive cells to be specific for 
P. falciparum in immune samples, with the highest levels in ongoing 
infections. We then used this technique to study the development of 
malaria immunity during infancy from the time of delivery with repeated 
sampling up to 10 months of age, in combination with studies of the 
response in the mothers, in a study performed in 150 mother-baby pairs in 
Uganda. We see large differences in development of immunity correlating 
with changes in CD27-positive and FCRL4-positive P. falciparum specific 
cells. This gives new insights into how immunity against malaria is formed, 
something that is important to know for creation of a vaccine or in 
forming new medications.

344
DIRECT COST OF SEVERE MALARIA MANAGEMENT IN 
PEDIATRIC HOSPITAL OF MBUJIMAYI, DEMOCRATIC 
REPUBLIC OF CONGO

Oshwa B. Mbalabu1, Thierry L. Bobanga2, Solange B. 
Umesumbu3, Jean Caurent Mantshumba4, Evariste K. Tshibangu5
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Organisation-Malaria/World Health Organization, Kinshasa, Democratic 
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Leading cause of morbidity and mortality of the Congolese child, 
malaria especially severe is so much a source of the economic losses, 
both direct (related to curative treatment or prevention) and indirect 
(due to absenteeism or the decrease of productivity), non-negligible for 
Mbujimayi’s population whose the majority lives below the poverty line. 
We conducted a prospective study of the cases admitted in observation 
and hospitalization from July 01, 2012 to June 30, 2013 in the Pediatric 
Department of the Provincial Hospital Dipumba in Mbujimayi, in order 
to determine the direct cost of the in-hospital hold in charge of severe 
malaria among children of 6 to 59 months as well as the factors 
influencing it. Epi info 2008 version 3.5.1 was used to analyze data. Severe 
malaria represented 70.9% of admissions (534 of 753) whose 45.5% and 
36% of cases were respectively secondary to untreated or poorly treated 
malaria. The majority of the households concerned (81.5%) were very 
poor because earned less than $ 30/month. Each household contained 
an average 2.2 subjects of under five years. The mean direct cost of the 
hold in charge of a severe malaria episode rose to $ 38.6±11.2 (range 
$ 8.5-79.94 US) either 34740±10636 Fc (Congolese money) of which 
78.3% were bound to medication, 10.7% to consultation, 8.3% to 
hospitalization and 7.1% to laboratory tests. The average direct cost was 
high in case of healing ($40.83±10.95), bad quality of treatment before 
admission, therapeutic failure notion, severe anemia and high gravity of 
the case at admission. Malaria is a costly disease in relation to the standard 
of living of our population. It is therefore necessary to reinforce the 
management capabilities of the cases correctly and early so much at home 
that in hospital and to streamline the prescriptions in order to reduce the 
costs led by malaria.

345
REFERRAL PRACTICES AND MANAGEMENT OF SEVERE 
MALARIA IN CHILDREN: A RETROSPECTIVE STUDY OF 
PATIENTS MANAGED IN A CHILDREN EMERGENCY UNIT IN A 
TERTIARY HOSPITAL IN SOUTHWEST NIGERIA

Esther O. Ayandipo1, Babatunde Ogunbosi2, Bolatito Aiyenigba3, 
Yemi Labaeka2, Oluwole Adeusi3, Ahmed Babatunde1
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Severe malaria is a disease known to be fatal in children and a major cause 
of admission into emergency units in Nigeria. The Nigerian treatment 
guidelines for the management of severe malaria recommend laboratory 
diagnosis and treatment with injection artesunate. Majority of children 
with severe malaria are referred to secondary and tertiary centers for 
management. Pre referral treatment with rectal artesunate or injection 
arthemeter is always encouraged. The objective of this study was to assess 
the use of pre referral treatment, pattern of management and treatment 
outcome in children with severe malaria This study assessed the use 
of rectal artesunate and arthemeter injection as pre referral treatment 
and management practices of severe malaria a teaching hospital in 
south western Nigeria. Children managed in Otunba Tunwase Children 
emergency unit between April and September 2014 were recruited. A 
total number of 134 children with a diagnosis of severe malaria were 
seen during the period. Referral, demographic, laboratory, treatment 
and outcome data were collected using semi structured questionnaire. 
Analysis was done using SPSS version 17. 134 children were managed over 
a period of 6 months. Majority of children were >5years (52.2%) while 
64(47.7%) were <5years. More males (50.7%) than females (49.2%) 
were seen. Some (21, 8%) were referred to the hospital from other health 
facilities while 78.2% were admitted directly into the emergency unit. 
None of those referred got the recommended pre referral treatment before 
referral. Laboratory diagnosis was made in 83.6% of cases while clinical 
diagnosis was made in 16.4%. The treatment regimen used was injection 
artesunate in 97.8% of patients while oral ACT was commenced in 80.6% 
of patients. Majority (91%) improved and were discharged while 11(8.2%) 
died and 1 (0.75%) absconded. In conclusion, despite largely complying 
with treatment guidelines, a high mortality rate was still recorded during 
the period under study. Referral system should be strengthened to ensure 
patients receive pre referral treatment.

346
EXPANDING ACCESS TO MALARIA DIAGNOSIS AND 
TREATMENT IN LAO PDR WITH A PUBLIC-PRIVATE MIX 
PROGRAM

Bouasy Hongvanthong1, Phoutnalong Vilay1, Odai 
Sichanthongtip1, Kelly Phouyaphone2, David Sintasath3
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As the Lao People’s Democratic Republic transitions toward malaria 
elimination and attempts to limit the spread of artemisinin resistance, 
one of the country’s primary objectives is to improve access to and 
quality of diagnosis and treatment services. To increase the coverage 
of case management services and ensure the availability of quality 
antimalarials, the Center for Malariology, Parasitology, and Entomology 
(CMPE) implemented a Public-Private Mix (PPM) program to integrate 
private sector providers into national malaria interventions. As part of 
the PPM program, private healthcare providers are trained to use rapid 
diagnostic tests kits (RDTs) for malaria diagnosis and ACTs treatment of 
uncomplicated malaria, while agreeing to adhere to national guidelines 
and surveillance protocols. The PPM program was initially piloted in 2008 
in eight districts across four provinces with a total of 98 private pharmacies 
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and 10 physicians from private clinics. By 2015, the PPM program has 
been expanded to include 17 clinics and 242 private pharmacies across 
22 districts in eight provinces in Lao PDR. Over a 66 month period of 
implementation, the PPM program accounted for 19.2% (22,060) of 
total patients testing positive for uncomplicated malaria in the areas 
where the program exists. While public health facilities still test and 
report the majority of positive uncomplicated malaria cases in those areas 
(80.8%; 93,232), it is clear that private providers have made a significant 
contribution in providing access to life-saving health interventions. Overall, 
the PPM partnership has improved compliance with national guidelines 
and the quality of malaria services available within the private sector as 
well as increased the robustness of malaria data received throughout the 
country, which will be necessary for achieving the goal of elimination.

347
EFFECTS OF ARTEMETHER ON HEMATOLOGICAL 
PARAMETERS OF PATIENTS PRESENTING WITH 
UNCOMPLICATED MALARIA IN KISUMU COUNTY WESTERN 
KENYA

Irene A. Onyango, Elazia Majid, Jack Ogony, Hosea Akala, Ben 
Andagalu, Edwin Kamau 
KEMRI-Walter Reed Project, Kisumu, Kenya

Malaria is still the leaing cause of morbidity in sub sahah Africa.Artemether 
is an antimalarial used for the treatment of multiple drug resistant strains 
of Plasmodium falciparum malaria.Artemether has been shown to affect 
the hematological parameters of healthy animal models.Neutropenia has 
been reported following use of artemether in patients with uncomplicated 
malaria. In a clinical efficacy study conducted among patients presenting 
with uncomplicated malaria in Kisumu County, Western Kenya, 118 
Subjects were enrolled and randomized to receive either artemether 
lumefantrine or artesunate mefloquine.These subjects were then admitted 
in the ward for thee days and thereafter discharged upon receipt of two 
consecutive negative malaria blood films.Data from AL arm were analyzed. 
Complete blood counts were done daily while subjects had positive 
malaria blood films and thereafter weekly till Day 42. ACT Diff 5 coulter 
machine was used to run the complete blood counts.All parameters were 
observed to decrease in the first 48-72hrs.Interestingly in the White blood 
cont differential count, only decreased in neutrophil count was observed 
while the other parameters were either not changed or actually increased.
These findings confirm what others have found.It is therefore important to 
closely monitor hematological parameters especially haemoglobin levels in 
patients using artemether based artemisinin combination therapies.

348
MALARIA PARASITEMIA, ANEMIA THE MALNUTRITION 
PREVALENCES THE INTERACTIONS AMONG PRESCHOOL-
AGED CHILDREN IN RURAL RWANDA - A COMMUNITY-
BASED SURVEY

Fredrick Karambizi Kateera 
Rwanda Biomedical Centre, Kampala, Rwanda

Malaria, anemia and malnutrition are 3 highly prevalent and frequently 
co-existing diseases that, individually, are associated with high morbidity 
and mortality. We measured the burden of, and assessed for interactions 
between, malaria, anemia and malnutrition among community 
based preschool-aged children. Analysis of data collected as part of a 
community-wide cross sectional survey was performed. Altogether, 1,882 
children aged 6-59 months with complete data on outcomes of malaria 
slide positivity, anemia (Hb levels of lt 90g/L) and stunting, wasting and 
underweight were included. Multivariate logistic regression analysis was 
performed. The prevalences of malaria, anemia and stunting were 5.9%, 
7.0% and 41.3% respectively. Malaria parasitemia risk was associated with 
age groups gt 24 months (odds ratio (OR) 3.3; P=0.014, OR 3.5; P=0.008 
and OR 3.7; P=0.005 for age-groups 24-35, 36-47 and 48-60 months 

respectively), whilst a reduced risk was observed among children living 
in household of high socio-economic status (SES) (OR 0.37; P = 0.029). 
Risk of anemia was higher among children gt or equal to 12 months and 
those with malaria parasitemia (OR = 3.86; P = lt 0.0001). Underweight 
was associated with stunting (OR = 20.41; P = lt 0.0001) and wasting 
(OR 59.14; P = lt 0.0001), stunting was associated with underweight (OR 
= 20.26; P = lt 0.0001) while wasting was associated with underweight 
(OR = 60.71; P = lt0.0001). The risk of stunting was high among children 
with a fever history (OR = 1.33; P = 0.01) but low among children living 
in household of high SES (OR = 0.79; P = 008) and in household with 
gt or equal to 1 bednet (OR = 0.55; P = 0.017). Study findings showed 
high proportions of stunting and anemia but not malaria in the study 
group. A strong association between malaria and anemia with children 
aged gt or equal to 12 months at significantly high risk of anemia and 
malaria. Integrated rather than vertical programs providing nutritional 
rehabilitation, comprehensive malaria control, improvements in household 
SES and investments in better house structures are needed to optimize 
health outcomes among children lt 5 years.

349
DEVELOPMENT OF MALARIA PARASITES PURIFICATION BY 
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Malaria is the most important parasitic infectious disease that many 
researchers are interested. Due to its harmful, malaria researches are still 
ongoing to combat the disease in several fields including the progression 
on drug and vaccine. In this regard, intact malaria parasites are required 
material for the research experiment. Conventional method for malaria 
separation is gradient centrifugation which is complex, time consuming, 
and specific to only mature stage of the parasite. This study aimed to 
develop a novel technique for malaria purification with rapid and high 
specificity by using magnetic nanoparticles (MNPs). The MNPs with specific 
functionalized surface were modified by immobilization of anti-malarial 
antibodies, which were purified from acutely P. falciparum infected 
plasma. Afterwards, antibody immobilized MNPs (Ab-MNPs) was incubated 
with P. falciparum-infected erythrocytes. Complexes of Ab-MNPs and 
infected erythrocytes were then selectively purified from normal red blood 
cells by magnetic force. The malaria parasites were smeared, stained, and 
examined under optical microscopic examination. The result of microscopic 
examination showed that all stages of the parasite were separated by Ab-
MNPs with high purity. Moreover, we showed result of scanning electron 
microscopy that the high specificity between Ab-MNPs and malaria 
infected erythrocytes was observed. This developed technique would be 
potentially used in malaria research and also adapted in diagnostic field.
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IN EXPERIMENTAL PLACENTAL MALARIA
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Each year ~125 million pregnant women are at risk of malaria infection. 
Placental malaria (PM) has a profound impact on maternal and child 
health, increasing the risk of stillbirth (SB) and low birth weight (LBW), 
and results in ~200 000 infant deaths per year. We have shown that 
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PM-mediated LBW is associated with dysregulated angiogenesis through 
the angiopoietin (Ang)-Tie2 axis; however, it is unknown whether these 
alterations are a cause or consequence of poor birth outcomes. We 
hypothesize that altered levels of Ang1/Ang2 during PM impairs placental 
vascular remodeling, directly resulting in poor birth outcomes. To test 
this, we used the Plasmodium berghei ANKA (PbA) mouse model of 
experimental PM (EPM) and found that levels of angiogenic (Ang1, Ang2, 
PlGF, VEGF) and inflammatory (sICAM-1, C5a) markers were altered with 
PbA infection. Further, an elevated ratio of Ang2/Ang1 in both maternal 
serum and placental mRNA was associated with PM-mediated LBW. To 
further interrogate the Ang-Tie2 pathway in PM, we compared Ang1+/- to 
WT mice and found that pups from infected Ang1-deficient dams were 
significantly smaller and had decreased viability compared to pups from 
PbA-infected WT mice, irrespective of pup genotype. This suggests that 
maternal Ang1 deficiency exacerbates SB and LBW associated with PM 
and that supplementing with recombinant Ang1 (rAng1) could potentially 
rescue these phenotypes. Combined with the genetic approach, the ability 
of rAng1 to prevent SB/LBW would establish a causal role for Ang1 in 
PM-associated adverse birth outcomes. To determine the impact of Ang1 
deficiency on fetoplacental vasculature, we are employing microCT 3D 
imaging to compare placentas from PbA-infected Ang1+/- and WT mice to 
examine the number of vessels and degree of vascular remodeling. Overall, 
these studies will provide novel insights into mechanisms underlying 
malaria-complicated pregnancies and may identify novel interventions to 
prevent poor birth outcomes in PM. Further, our findings may have broad 
implications for other causes of adverse pregnancy outcomes associated 
with vasculopathy including preeclampsia and gestational diabetes.

351
ASSESSMENT OF THE SUSCEPTIBILITY OF LABORATORY 
BRED ANOPHELES GAMBIAE M/S HYBRID MOSQUITOES TO 
PLASMODIUM FALCIPARUM

Jacqueline Akuamoah1, Ruth C. Brenya2, Michael F. Ofori1, 
Joseph W. Diclaro3, Samuel Dadzie1, Mba Mossore1, Joseph Chabi1
1Noguchi Memorial Institute for Medical Research, Accra, Ghana, 2Kwame 
Nkrumah University of Science and Technology, Kumasi, Ghana, 3Naval 
Medical Research Unit - 3, Cairo, Egypt

Malaria is caused by the Plasmodium haemo-protozoan and transmitted 
by Anopheline mosquitoes. The Anopheles complex comprises seven 
species out of which An. gambiae is the most effective vector in Sub 
Saharan Africa. This species is divided into two main forms based on 
chromosomal polymorphisms. These are: the Mopti (M) form and Savanna 
(S) form. Both forms exhibit high and equivalent levels of susceptibility 
to P. falciparum and malaria transmission potential. Currently, there are 
increasing reports of naturally occurring M/S hybrids in West Africa and 
further studies nullify assumptions that there cannot be hybridisation of 
M and S forms by demonstrating a significant level of gene flow between 
the two. Unfortunately, no profiling has been done on M/S hybrids with 
regards to malaria transmission despite the fact that both forms exist in 
sympatry in Central and West Africa and even in Ghana. The primary 
purpose of this study therefore, is to investigate the susceptibility of An. 
gambiae M/S hybrids to P. falciparum. This novel investigation would 
provide information on the malaria transmission potential of M/S hybrids 
which could be useful in vector control programmes and serve as a 
basis upon which further research may be performed. The study will be 
conducted at the Noguchi Memorial Institute for Medical Research, Accra. 
An. gambiae M and S forms would be bred under standard insectary 
conditions and mated to ensure fertilisation and production of viable eggs. 
2- 5 day old naïve adult hybrid female mosquitoes would then be infected 
with mature stage 5 gametocytes (NF54 lab strain). Infection would be 
done with a membrane feeder using high and low gametocytaemia 
parasite cultures. Control cages would be fed with uninfected blood and 
10% sugar solution. DNA extraction and PCR tools would be used to 
determine the presence of parasites in the salivary glands of mosquitoes 
18–20 days post infection. It is expected that the susceptibility profile of 

the An. gambiae M/S hybrid would be known and from this, conclusive 
information can be drawn on the malaria transmission potential of An. 
gambiae M/S hybrids.
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ESTABLISHMENT OF A PBMC REPOSITORY FOR IDENTIFYING 
BIOMARKERS OF PROTECTION AND ASSOCIATED TARGET 
ANTIGENS FOR MALARIA

Joanne Lumsden1, Harini Ganeshan1, Sharina Reyes1, Jun 
Huang1, Jo Glenna Banania1, Maria Belmonte1, Arnel Belmonte1, 
Esteban Abot1, Yolanda Alcorta1, Alicia Simmons1, Charlotte 
Fedders1, Anatalio Reyes1, Carlos Vasquez1, Santina Maiolatesi1, 
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Dowler2, Lindsey Garver2, Silas Davidson2, Thomas Richie3, Eileen 
Villasante1, Judith Epstein1, Martha Sedegah1, Bradley Hickey1

1Naval Medical Research Center, Silver Spring, MD, United States, 2Walter 
Reed Army Institute of Research, Silver Spring, MD, United States, 3Sanaria 
Inc., Rockville, MD, United States

Studies in the 1970s demonstrated that immunization with radiation-
attenuated P. falciparum sporozoites (PfRAS) via mosquito bite confers 
protection against malaria in human subjects. However, neither the 
mechanisms of protection nor the targeted antigens have been clearly 
identified. The BMGF is supporting a clinical trial (Immunization via 
Mosquito bite with Radiation-Attenuated Sporozoites, or IMRAS) in which 
up to 24 subjects will receive bites from PfRAS-infected mosquitoes (true-
immunized) and 8 subjects will receive bites from irradiated, uninfected 
mosquitoes (mock-immunized). These subjects, plus infectivity controls, 
will undergo controlled human malaria infection (CHMI). To maximize 
statistical power, the trial is designed to generate approximately 50% 
protection in the true-immunized group by using two cohorts, where 
Cohort 1 will be conducted prior to Cohort 2. Samples collected 
throughout the trial using routine venipuncture for whole blood and 
leukapheresis for large numbers of PBMCs will be used to: discover 
biomarkers and correlates of protection using a range of approaches, 
including systems biology; and identify pre-erythrocytic Pf antigens 
associated with protection using agnostic and candidate approaches. 
Leukapheresis was performed on 14 subjects in Cohort 1 who completed a 
series of 5 true (n=11) or mock (n=3) immunizations and CHMI. Leukopaks 
were collected pre-immunization (n=14), day 14 post 3rd immunization 
(n=8), day 5 or 6 post-CHMI (n=12) and 4 months post-CHMI (n=9). 
PBMC were isolated by Ficoll-Hypaque density gradient separation, and 
cryopreserved at 20 million PBMCs/vial. The average yield per leukopak 
was 4.5 billion PBMCs (range 1.6-10 billion). Conduct of Cohort 2 is 
ongoing and will be completed in early 2016. The IMRAS Committee 
for Samples and Immunoassays has been established to prioritize the 
allocation of samples to maximize scientific benefit. This PBMC repository 
will be an invaluable resource for identifying biomarkers of protection and 
associated target antigens for malaria vaccine development.    

353
PRE-REFERRAL TREATMENT PROCESS OF SEVERE MALARIA 
CASES IN AREAS SOUTHEAST OF SENEGAL

Alioune Gueye1, Seynabou Gaye1, Medoune Ndiop1, Fatou Ba1, 
Lamine Diouf1, Julie Twing2, Moussa Ndour1, Mame Birame Diouf2, 
Ibrahima Diallo1, Moustapha Cisse1, Mady Ba1

1National Malaria Control Program, Dakar, Senegal, 2United States Agency 
for International Development, Dakar, Senegal

The new guidelines of the NMCP recommended by WHO includes the 
Pre-referral treatment of severe malaria cases with the use of rectal 
artesunate capsules .This strategy which mainly targets children under 5 
years has been scaled up in all the health posts of the country especially 
in the South East districts where malaria mortality in this age group makes 
up about 40% of national mortality. So after drawing up the document 
for the implementation and management tools, we launched and held the 
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trainings in the targeted medical areas in February 2014. These trainings 
helped guide 63 agents on the strategy in the regions of Tambacounda, 
Kolda, Sedhiou and Kedougou between 14 and 26 March 2014;. This 
program enabled us to train 405 providers. The NMCP also includes a 
community component in Salemata and Saraya districts in the region of 
Kedougou to reduce the delay of managing severe cases in areas where 
access is difficult; So after 8 days of theoretical and practical sessions, 50 
community health workers were trained. After that, the districts with the 
support of the NMCP proceeded to the establishment of the capsules 
Artesunate and the management tools in the health posts and community 
sites. The 1st national monitoring conducted from 22 to 23 October, 
2014 showed 100% functionality of Home-based management (HBM) 
sites and health nuts. For the same period, the routine data showed that 
24 severe malaria were referred to the health centers (including 6 cases 
from the community level) with 60% of cases who received pre-referral 
artesunate-based treatment; which have contributed to the reporting of 
severe malaria cases in children under 5 years and their early treatment to 
prevent a fatal outcome; However, the impact of both seasonal malaria 
chemoprevention (SMC) and HBM along with a more active screening of 
cases have certainly reduced the incidence of severe cases in these highly 
endemic malaria areas. Looking ahead, the NMCP contemplates doing 
an overall assessment of the strategy in May 2015 in order to share this 
experience and expand the strategy to other districts with high malaria 
mortality and thus further reduce malaria death risk in this vulnerable age 
group.

354
MATERNAL HOST FACTORS INFLUENCE NEONATAL MALARIA 
IN SOUTHEASTERN NIGERIA

Uchechukwu Madukaku Chukwuocha, Ikechukwu Nosike 
Simplicius Dozie, Agwu Nkwa Amadi, Geoffrey Chima 
Nwakwuo, Adanna Nneoma Chukwuocha, Christopher Peres 
Ekiyor 
Department of Public Health Technology, Federal University of Technology, 
Owerri, Nigeria

This study aims at documenting the maternal host factors influencing the 
prevalence of malaria in neonates in South Eastern Nigeria. Fifty-seven 
neonates who had a positive blood smear for the malaria parasite were 
included in the study and their socio-demographic and clinical correlates 
reviewed. The prevalence of neonatal malaria in this study is 35.67% and 
77.3% of children with neonatal malaria presented fever. 99 (42.9%) 
and 132 (57.6%) of the mothers had parasitaemia in maternal peripheral 
blood and placental blood respectively. Obstetrics factors like parity was 
found to have a significant association (χ2=7.30, p=0.026) with neonatal 
malaria. Neonatal malaria was more likely to occur in babies of primigavid 
mothers and those mothers who attended ANC outside the tertiary health 
facilities (χ2=6.75, p=0.009). Neonatal malaria is not as rare as was 
previously thought and its morbidity and mortality in Sub-Saharan Africa 
is increasing and thus, there is need for educating of pregnant mothers on 
the necessity of early care-seeking for newborns.
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DHFR MUTATIONS IN PLASMODIUM KNOWLESI DO NOT 
APPEAR LINKED TO SELECTIVE DRUG PRESSURE FROM 
PUTATIVE HUMAN-TO-HUMAN TRANSMISSION IN SABAH, 
MALAYSIA

Matthew J. Grigg1, Bridget E. Barber1, Jutta Marfurt1, Mallika 
Imwong2, Timothy William3, Usa Boonyuen4, Kim Piera1, Ammar 
Aziz1, Sarah Auburn1, Jonathon Cox5, Chris J. Drakely5, Nick 
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Malaria due to zoonotic Plasmodium knowlesi is increasing in Eastern 
Malaysia. Despite demonstrated vector competency, it is unknown 
whether human-to-human transmission is occurring naturally. We 
sought evidence of drug selection pressure from the antimalarial 
sulfadoxine-pyrimethamine (SP) as a potential marker of human-to-human 
transmission. The P. knowlesi dihdyrofolate-reductase (pkdhfr) gene was 
sequenced from 449 P. knowlesi malaria cases from Sabah (Malaysian 
Borneo) and genotypes evaluated for association with clinical and 
epidemiological factors. Homology modelling using the pvdhfr template 
was used to assess the effect of pkdhfr mutations on the pyrimethamine 
binding pocket. Fourteen non-synonymous pkdhfr mutations were 
detected, with the most common being at codon T91P (10.2%) and R34L 
(10.0%), resulting in 21 different genotypes, including the wild-type, 14 
single mutants, and six double mutants. Whereas 145 (32%) of patients 
had pkdhfr single mutants, 14 patients harboured double-mutants. In 
contrast, among the 47 P. falciparum isolates sequenced, three pfdhfr 
genotypes were found, with the double mutant 108N+59R being fixed 
and the triple mutants 108N+59R+51I and 108N+59R+164L occurring 
with frequencies of 4% and 8%, respectively. Two non-random spatio-
temporal clusters were identified with pkdhfr genotypes. There was no 
association between pkdhfr mutations and hyperparasitaemia or severe 
disease, both hypothesized to be indicators of H-H transmission. The 
orthologous loci associated with resistance in P. falciparum were not 
mutated in pkdhfr. Subsequent homology modelling of pkdhfr revealed 
gene loci 13, 53, 120, and 173 as being critical for pyrimethamine 
binding, however, there were no mutations at these sites among the 449 
knowlesi isolates. Although common, the pkdhfr mutations in Sabah do 
not appear due to selective drug pressure. While not providing evidence 
for naturally-occurring human-to-human transmission, this mode of 
transmission is not excluded.

356
STRATEGIC PROCUREMENT MANAGES THE CHALLENGE 
POSED BY THE ACCUMULATING OF LONG-LASTING 
INSECTICIDE-TREATED BED NETS (LLIN) PACKAGING WASTE

Chris Warren
United States Agency for International Development | DELIVER PROJECT, 
John Snow, Inc., Arlington, VA, United States

Long-lasting insecticide-treated bed nets (LLINs) can successfully 
prevent the transmission of malaria worldwide, but for some recipient 
communities, one unwanted result of this success has been the 
accumulation of used LLIN packaging. If managed incorrectly, this used 
packaging can expose local populations to toxic substances. Three 
procurement options are available to help donors, programs, and the 
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malaria prevention community respond to this challenge: 1. not specifying 
any particular type of LLIN packaging; 2. procuring LLINs in individual bags, 
but stating that a specific packaging be used; 3. procuring LLINs that are 
packaged in bulk instead of individual bags. With each option, programs 
and stakeholders should review the potential ramifications and contextual 
issues before deciding on the best solution. Ultimately, any decision 
that will contribute to a well-managed LLIN packaging waste plan will 
contribute to an improved malaria prevention program and a reduced risk 
of contaminating the environment.

357
LESSONS FOR INTEGRATING INTERMITTENT PREVENTIVE 
TREATMENT FOR MALARIA IN SCHOOL SYSTEMS IN LOW 
INCOME SETTINGS: EXPERIENCES FROM UGANDA

Susan Nayiga1, Christine Nabirye1, Sarah Staedke2, Clare I.R. 
Chandler2

1Infectious Diseases Research Collaboration, Kampala, Uganda, 2London 
School of Hygiene & Tropical Medicine, London, United Kingdom

Evaluations of mass drug administration suggest that these programmes 
are not always well received by communities. Concerns regarding side-
effects and the time and effort required to implement programmes, 
and doubts over the intentions of such programmes, have been raised. 
Discourses of foreigners harming local residents are often called into play 
in making sense of such initiatives that involve standardized treatment of 
asymptomatic people with drugs that are viewed as a precious commodity. 
The START-IPT trial was conducted in primary schools in Jinja district to 
assess if treating schoolchildren with dihydroartemisinin-piperaquine 
monthly to prevent malaria could improve the health of children and 
reduce the burden of malaria in the community. A qualitative study was 
conducted alongside the main trial to investigate the potential feasibility 
for integrating this intervention into routine health services and school 
systems. Ethnographic observations were conducted of the sensitization 
and consenting process at selected schools for one day each. During the 
roll-out of the intervention, the same schools that had been observed 
during the sensitization and consenting process were observed for the 
first three days of treatment distribution. A total of 19 in-depth interviews 
were held with district and national stakeholders, teachers, health workers 
and Village Health Team members. Three focus group discussions were 
held with study staff. We will present the findings of the qualitative study 
highlighting: 1) considerations for integration of health programmes into 
schools; and 2) potential supporting intervention methods and content of 
messages for IPT through schools. Key themes emerging in this context 
related the IPT programme to post-colonial concerns, economies of 
opportunity and operational issues. We situate these findings with those 
of others identified through a systematic literature review to provide 
considerations relevant to those planning to conduct mass treatment in 
schools in Africa.
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EFFICACY OF ARTEMETHER-LUMEFANTRINE OR 
ARTESUNATE-AMODIAQUINE FOR UNCOMPLICATED 
PLASMODIUM FALCIPARUM MALARIA-MALAWI, 2014 

Magdalena Paczkowski1, Dyson Mwandama2, Daniel Marthey3, 
Madalitso Luka2, Georgina Makuta2, John Sande4, Doreen Ali4, 
Peter Troell1, Don Mathanga2, Julie Gutman1
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Malaria remains a major public health problem in Malawi, with an 
estimated 4 million cases in 2013. The first- and second-line treatments for 
uncomplicated malaria are artemether-lumefantrine (AL) and artesunate-
amodiaquine (ASAQ), respectively. Globally, emerging antimalarial drug 
resistance threatens treatment efficacy. We evaluated the efficacy of AL 
and ASAQ for the treatment of uncomplicated malaria in Malawi. During 

March-July 2014, febrile children aged 6-59 months with microscopy-
confirmed uncomplicated Plasmodium falciparum malaria (1,000-
200,000 parasites/μL) were enrolled in an in vivo efficacy trial at 3 sites, 1 
each in northern, central and southern Malawi. Children were randomized 
3:1 to AL or ASAQ arms. Sample size was sufficient to estimate site-
specific efficacy for AL and overall efficacy for ASAQ. Blood was collected 
for malaria diagnosis by microscopy and malaria parasite molecular testing 
on days 0-3, 7, 14, 21, and 28. If treatment failure occurred, polymerase 
chain reaction (PCR) was used to differentiate recrudescence from 
reinfection; in PCR corrected analyses, reinfections were censored on the 
day they occurred. The primary outcome was the proportion of children 
with PCR-corrected adequate clinical and parasitological response (ACPR) 
on day 28. We enrolled 453 children; 307/338 (90.8%) and 102/115 
(88.7%) reached a study endpoint in the AL and ASAQ arms, respectively, 
with no treatment failures on or before day 3. PCR uncorrected ACPR 
was 97% (95% confidence interval [CI]: 92-99%) for ASAQ and 77% 
(95% CI: 72-82%) for AL (84% [95% CI: 76-91%], 69% [95% CI: 59-
78%], and 78% [95% CI: 68-86%] in the northern, central, and southern 
regions, respectively). PCR-corrected ACPR was 99% (95% CI: 95-99.9%) 
in the ASAQ arm and 99% (95% CI: 98-99.9%) in the AL arm, with 99-
100% efficacy in each of the sites. Both AL and ASAQ remain efficacious 
treatments for uncomplicated malaria in Malawi. Recurrent parasitemia, 
primarily a result of reinfection, was significantly lower with ASAQ than 
with AL. This is expected given the shorter half-life of lumefantrine (3-6 
days) compared to amodiaquine (9-18 days). 
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HOW TO ACCOUNT FOR SEASONALITY WHEN PLANNING 
NATIONAL-LEVEL MALARIA ORDERS FOR COUNTRIES

Naomi Printz, Loren Bausell 
United States Agency for International Development | DELIVER PROJECT, 
John Snow, Inc., Arlington, VA, United States

Learning objectives: Participants will understand how to account for 
seasonality when planning orders for malaria products. Quantification is 
the process of estimating the quantities and costs of the products required 
for a specific health program, and determining when the products should 
be delivered to ensure an uninterrupted supply for the program. The 
process includes both a forecasting and a supply planning step. A supply 
plan is based on forecast consumption, quantities on order, stocks on 
hand, and program minimum and maximum stock levels. The supply plan 
is the final output of the quantification; it lists in detail the quantities, 
costs, and arrival dates of the shipments. The traditional approach to 
supply planning is to calculate the annual forecast consumption and divide 
by 12, which yields an average monthly consumption (AMC). Shipments 
are scheduled to arrive when national stocks are at a minimum; stocks 
are then increased to the maximum level. Using a standard AMC for 
shipment scheduling for seasonal products can cause overstocks in the 
dry season and stockouts in the rainy season. An alternative is to develop 
a seasonality index to apply to forecast consumption_this will produce a 
monthly consumption that accounts for seasonal variation. Shipments can 
be planned accordingly. To develop a seasonality index, a random month 
is first selected as a reference month. Then, historical consumption for 
each month is divided into the consumption for the reference month. 
This yields monthly ratios, which capture the general shape of the annual 
consumption pattern, and show the relationship of consumption in a 
particular month to that of the reference month. For example, a peak 
malaria month may show consumption that is 2.5 times higher than a 
non-peak month; or consumption during a month of the dry season 
may be less than half the consumption in a rainy season month. After 
developing the seasonality index, these ratios are applied to the total 
forecast consumption for one year, which will yield an estimate of monthly 
consumption. When supply plans are developed, shipments should be 
scheduled to arrive prior to the peaks in consumption.
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FOOD INSECURITY AND THE COST OF MALARIA ILLNESS IN 
RURAL TANZANIA
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Understanding the impact of malaria on endemic rural African 
communities can assist governments and donors in developing appropriate 
and sustainable malaria control strategies. In Muheza, Tanzania, a cluster 
randomized trial is assessing the cost and effectiveness of non-pyrethroid 
insecticide-treated durable wall lining (DL). To project savings from DL, we 
estimated the current expenditures on malaria treatment in conjunction 
with a cross-sectional epidemiological household survey. We mapped and 
enumerated households and invited 4,200 randomly selected residents 
aged>6 months from 60 village clusters to participate in 3 rounds of 
epidemiological surveys. We asked the subset of respondents randomly 
selected for a parasitemia test (mRDT) and who reported a malaria episode 
within prior 30 days to respond to socio-economic surveys which focused 
on care seeking behavior, household expenditures on malaria care, and 
catastrophic expenditures and food insecurity. We complemented the 
surveys with macro-costing analysis implemented at district hospital to 
project the economic cost of care. Of the 89 respondents in the latest 
round of the socio-economic survey (Jan-Feb 2015), 55% were children, 
53% reported some impact of the illness episode on food security in their 
household (7% to a great extent), 8% were hospitalized, 88% sought 
care in an ambulatory setting, and 4% were treated at home. On average, 
household direct medical expenditures on a malaria episode, including 
private sector, averaged $3.95 ($3.77 child, $4.17 adult) for ambulatory 
cases, $75.81 ($29.11 child, $94.42 adult) for hospitalized cases, and zero 
for home cases. The corresponding economic costs, including government 
financing, were $5.38 ($5.17 child, $5.63 adult) for ambulatory, $89.17 
($78.13 child, $93.58 adult) for hospitalized, and zero for home cases. The 
direct non-medical cost (transportation, food and lodging) averaged $1.93 
for ambulatory and $23.51 for hospitalized cases. Malaria’s impacts on 
household food security and finances are substantial. Additional preventive 
programs would generate important cost offsets.
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IMMUNE RESPONSES AGAINST TRANSMISSION 
BLOCKING TARGET ANTIGENS IN CHILDREN TREATED 
FOR SCHISTOSOMIASIS FROM A MALARIA MODERATE 
TRANSMISSION REGION IN ZIMBABWE
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Malaria remains a leading killer in sub-Saharan Africa with the most 
vulnerable group being children under 5 years. Although there has 
been successful decline in the malaria cases, the focus so far has mainly 
been on control. Eradication of malaria is still a long term goal and the 
development of effective vaccines remains to be achieved. Transmission 
blocking vaccines (TBV) represent a valuable approach to malaria 
elimination. Several antigens (Pfs230, Pfs49/45 and Pfs25) expressed in 
the sexual stages have been identified as target antigens and pre-clinical 

studies on TBVs have shown marked efficacy, 96-100%. The study was 
carried out in school-going children (7-16 years age, N=150) in Makoni, 
District, Zimbabwe, undergoing MDA for schistosomiasis. The prevalence 
of malaria diagnosed by microscopy and rapid diagnostic kit (Paracheck)
TM was 1.2 % and 30.3 %, respectively and infected children received 
CoartemTM.treatment. We wished to assess presence of naturally 
occurring transmission-blocking immune responses. Serum samples were 
used for ELISA and in membrane feeding assays (MFA) to assess functional 
malaria transmission blocking immunity, and whole blood samples were 
used for PCR detection of Plasmodium falciparum malaria. Analysis 
of serum samples by ELISA revealed >90% sero-positivity using crude 
asexual lysates. Most significantly, 66 % and 63% samples showed ELISA 
reactivity to the recombinant Pfs48/45 and Pfs47 proteins, respectively. 
A few randomly selected sera samples were also tested in MFA. The 
MFA demonstrated measurable transmission blocking ability- 4 out of 
20 sera revealed 56 to 84% transmission reducing activity. The results 
provide evidence for the presence of transmission blocking antibodies 
in these children co-infected with malaria and schistosomiasis. A TBV 
vaccine induced immunity further boosted by natural immunity may play 
significant role in the elimination of malaria transmission even in people 
co-infected with other helminthes.
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PRE-CLINICAL EVALUATION OF 
GLYCOSYLPHOSPHATIDYLINOSITOL (GPI) AS A POTENTIAL 
MULTI-STAGE, PAN SPECIES MALARIA VACCINE
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Malaria is a major global health burden, causing approximately 584, 000 
deaths annually, especially in children under the age of five. There are 
five Plasmodium species that infects humans, of which Plasmodium 
falciparum (P.f.) and P. vivax (P.v.) are the two most prevalent. Currently, 
no effective vaccine against malaria exists, hence the global effort aim to 
develop a vaccine to prevent infection, limit disease and interrupt mosquito 
transmission for all Plasmodium species. Glycosylphosphatidylinositol 
(GPI) is a potential target as it is a conserved glycolipid anchor of many 
essential parasite proteins found across most differentiated stages and 
Plasmodium species. Additionally, GPI is also a toxin that causes immuno-
pathological symptoms of malaria. Previously, we proved that vaccination 
against GPI protects mice against severe malarial disease. This study further 
investigates the potential of the synthetic anti-GPI vaccine in preventing 
infection and blocking parasite transmission into the mosquito vector in a 
pre-clinical rodent malaria model, P. berghei (P.b.). The vaccine showed 
significant efficacy in reducing liver burden following sporozoite challenge, 
blood stage infection and parasite transmission to the mosquito. This was 
further validated by passively immunizing mice with anti-GPI antibodies 
prior to mosquito infection. When assessed over a complete life-cycle, 
i.e. sporozoite challenge followed by blood stage infection and mosquito 
feeding, sustained reduction in oocyst numbers were observed. Thus the 
anti-GPI vaccine shows pre-clinical efficacy against sporozoite, blood stage 
and sexual stages of malaria.
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HETEROLOGOUS PRIME-BOOST VACCINATION WITH 
CANDIDATE MALARIA VACCINES CHAD63-MVA ME-TRAP 
IS SAFE AND HIGHLY IMMUNOGENIC FOR EFFECTOR T-CELL 
INDUCTION WHEN CO-ADMINISTERED WITH EPI VACCINES 
IN HEALTHY GAMBIAN INFANTS AND NEONATES

Muhammed O. Afolabi1, Victorine Mensah2, Ebrima Kanteh1, 
Amy Ndaw2, Sophie Roetynck1, Ed Clarke1, Babacar Faye2, Egeruan 
B. Imoukhuede3, Alison Lawrie3, Rachel Roberts3, Ya Jankey Jagne1, 
Odile Leroy4, Nicola Viebig4, Flavia D’Alessio4, Beate Kampmann1, 
Katie Ewer3, Adrian V. Hill3, Badara Cisse2, Kalifa Bojang1

1Medical Research Council, Banjul, Gambia, 2Universite Cheikh Anta Diop, 
Dakar, Senegal, 3The Jenner Institute, University of Oxford, Oxford, United 
Kingdom, 4European Vaccine Initiative, Heidelberg, Germany

Despite the decline in the global burden of malaria cases and deaths, an 
effective malaria vaccine is still crucial to complement existing control 
strategies against the devastating effect of malaria: approximately 584,000 
deaths occur annually, mostly in young children. We report here the 
interim findings of evaluation of co-administration of malaria vectored 
vaccines with EPI vaccines in Gambian infants and neonates. Sixty-five 
healthy infants and neonates aged 16 weeks, 8 weeks and 1 week were 
sequentially enrolled and randomized to vaccine or control (EPI vaccines 
only) arm. Participants in the vaccine arm received high dose ChAd63 
ME-TRAP prime vaccination, followed by administration of MVA ME-TRAP 
boost vaccination eight weeks later. Each vaccination was accompanied by 
administration of EPI vaccines appropriate for the participants’ ages. Safety 
of the vaccines was assessed by the description of adverse events related 
to vaccinations ascertained through clinical assessment, biochemical and 
haematological tests. Immunogenicity was evaluated by interferon-gamma 
ELISPOT, and intra-cellular cytokine staining and flow cytometry. Antibody 
testing was performed to assess possible interference of the candidate 
vaccines with the EPI vaccines. The median haemoglobin, white cell 
counts, alanine transaminases and creatinine at pre and post-vaccination 
visits in the vaccine and control arms were within the acceptable 
ranges. Frequently observed adverse events that appeared related to the 
vaccinations included fever and induration at injection sites. Overall, the 
vaccination regimes were very well tolerated. High level antigen-specific 
T cell responses were generated and sustained beyond Day 168 among 
infants in the malaria vaccine arm. Prime-boost effects were also observed 
with significant increase in geometric mean T-cell responses at Days 21 and 
63. In conclusion, our findings suggest that administration of ChAd63-
MVA ME-TRAP together with EPI vaccines continue to exhibit satisfactory 
safety and potent T-cell immunogenicity in very young infants living in a 
malaria-endemic area.

364
FACING THE CHALLENGE OF VOLUNTEER RECRUITMENT 
IN PHASE I MALARIA CLINICAL TRIALS: EXPERIENCE FROM 
BAGAMOYO CLINICAL TRIAL UNIT, TANZANIA

Kamaka R. Kassim 
Ifakara Health Institute, Bagamoyo, United Republic of Tanzania

As a way to speed up clinical development program of investigational 
products such as vaccines to the community in need. The need to establish 
phase I clinical trial facilities in Africa has been realized, now that several 
research sites in Africa are capable to conduct early phase one clinical 
trial, Ifakara Health Institute is one among those sites. In the past three 
years, Ifakara Health Institute was able to conduct different three Phase I 
clinical trials to assess for the safety and immunogenicity of two promising 
malaria vaccine candidates. Volunteers for these trials were recruited from 
higher learning institutions in Dar es Salaam based on the pre-defined 
inclusion and exclusion criteria. Considering the fact that, such trials were 
for the first time conducted, there were challenges associated with the 
execution of these trials, which over time, a research team have learnt 

how to overcome them. One of those challenges associated with process 
of volunteer recruitment and encountered by establishment of volunteer 
database to assure easy and timely recruitment. Volunteers were invited 
in the series of sanitization meetings and those who met initial inclusion 
criteria attended screening at BCTU. Out of 702 volunteers who attended 
first sensitization meeting, 524 (74.6%) attended the second sensitization 
meeting. Almost three quarters 384 (73.3%) of the volunteers who 
attended second sensitization meeting met initial inclusion criteria and 
invited to the screening at BCTU. Out of 384 underwent both clinical 
and laboratory screenings at BTCU, 242(63%) were declared eligible and 
their contact address entered in the volunteer database ready for PfSPZ 
and P27A malaria clinical trials. So far, the screening of PfSPZ and P27A 
malaria phase I trials screening has utilized 153 (63.2%) volunteers from 
the existing volunteer database. Consequently, volunteer’s data base has 
ensured the timely recruitment and enrollment, although there was a delay 
in getting approval from ethical committees and regulatory authority.

365
CONSTRUCTION OF TRANSGENIC PLASMODIUM BERGHEI TO 
EVALUATE THE TRANSMISSION BLOCKING VACCINES BASED 
ON P. VIVAX TARGET ANTIGEN PVS48/45

Yi Cao1, Geetha P. Bansal2, Nirbhay Kumar1

1Department of Tropical Medicine, School of Public Health and Tropical 
Medicine and Vector-Borne Infectious Diseases Research Center, Tulane 
University, New Orleans, LA, United States, 2Department of Tropical 
Medicine, School of Public Health and Tropical Medicine and Vector-Borne 
Infectious Diseases Research Center, Tulane University, New Orleans, LA, 
United States

 Plasmodium vivax is geographically widely distributed species of 
human malaria parasite, with nearly 40% of the world population at risk. 
Because of the lack of a continuous in vitro culture system, research on 
P. vivax parasites has relied on access to blood from infected patients or 
primates, resulting in relatively fewer vaccine studies in comparison to P. 
falciparum. Transmission blocking vaccine (TBV) specifically targeting the 
sexual development of the malaria parasite in the mosquito vector offers 
an effective way to reduce or stop malaria transmission. Known TBV target 
antigens in P. falciparum include Pfs230 and Pfs48/45 expressed prior to 
fertilization of gametes and Pfs25 expressed after fertilization. Targeted 
gene disruption studies with P48/45 have also shown that it plays a critical 
role in male gamete fertility. The long-term goal of our research is to 
evaluate Pvs48/45 ( P. vivax homologue of Pfs48/45) as a TBV candidate. 
We focused our studies to generate transgenic P. berghei parasites by 
replacing the endogenous Pbs48/45 gene with Pvs48/45. In one transgenic 
parasite line we replaced the full length Pbs48/45 with Pvs48/45 gene 
sequence. In the second line we replaced Pbs48/45 sequence with chimeric 
sequence that consist of the signal and anchor sequences from Pbs48/45 
and the middle section from Pvs48/45. Both transgenic parasites showed 
similar asexual blood-stage growth kinetics to the wide type P. berghei 
parasite in mice. More importantly, these transgenic parasites were found 
to be transmission competent and resulted in complete transmission 
success through Anopheles vector. These studies demonstrated the 
functional conservation of P48/45 proteins in evolutionarily distant species 
of Plasmodium with about 60% identity at the protein level between 
P. vivax and P. berghei. We are now characterizing stage specificity of 
transgene expression by RT-PCR, Western blotting and IFA. In the next 
step, these transgenic parasites will be employed to evaluate transmission 
blocking activity based on the Pvs48/45 recombinant antigen, monoclonal 
antibodies and vaccine formulations being developed in our lab.
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A NOVEL SIMIAN ADENOVIRUS VECTOR IS ABLE TO ELICIT 
HUMORAL AND CELLULAR RESPONSES PROTECTIVE 
AGAINST AN EXPERIMENTAL PLASMODIUM CHALLENGE

Jessica N. McCaffery1, Jairo A. Fonseca1, Monica Cabrera-Mora1, 
Igor Dmitriev2, David Curiel2, Alberto Moreno1

1Emory University, Atlanta, GA, United States, 2Washington University 
School of Medicine, St. Louis, MO, United States

Malaria remains a public health burden despite efforts to improve infection 
control. In 2013 there were an estimated 198 million cases and 584,000 
deaths, 78% of which occurred in children under 5 years, making malaria 
a leading cause of death in children of this age. Although malaria is 
treatable with ACT, reports indicate that less than 26% of children with 
malaria received ACT in 2013. A malaria vaccine is needed to reduce 
the burden of this disease in the areas where access to medication 
is logistically demanding. The development of an effective malaria 
vaccine has proven challenging. Although inoculation of volunteers 
with radiation attenuated sporozoites is capable of producing sterilizing 
immunity through induction of targeted antibody and CD4 and CD8 
T cell responses, this method remains impractical for widespread use. 
Furthermore, clinical trials with the leading vaccine candidate RTS,S have 
failed to produce long lived efficacy, likely due to its inability to induce 
strong CD8 T cell responses. We have reported the design of a fusion 
protein based on chimeric Plasmodium yoelii CSP and MSP1 antigens 
designated PyLPC-RMC. This construct is able to induce robust antibody 
and CD4 T cell responses. Based on the evidence that viral vectors increase 
CD8 T cell mediated immunity we tested heterologous prime-boost 
immunization regimens that include human adenovirus serotype 5 vectors 
(Ad5). While Ad5 remains a popular vector for vaccine studies, the high 
prevalence of pre-existing immunity to Ad5 severely compromises its 
utility. The use of non-human Ad species is an alternative to Ad5-based 
vaccination. Here we use simian adenovirus 36 (SAd36) as candidate for 
a vectored malaria vaccine since there is little to no pre-existing immunity 
to this virus in human populations. Our studies show the induction of 
specific CD8 T cell response and similar antibody titers when compared to 
a prime-boost immunization regimen that includes Ad5PyLPC-RMC. This 
robust immune responses induced by SAd36PyLPC-RMC are translated 
into a lower parasite load and higher hemoglobin levels after a P. yoelii 
challenge when compared to naïve and mice immunized with Ad5PyLPC-
RMC.

367
ENHANCING THE PROTECTIVE EFFICACY OF A CHIMERIC 
MULTI-STAGE RECOMBINANT MALARIA VACCINE WITH THE 
USE OF ADENOVIRAL VECTORS IN HETEROLOGOUS PRIME-
BOOST IMMUNIZATION REGIMENS

Jairo A. Fonseca1, Monica Cabrera-Mora1, Igor Dmitriev2, David 
Curiel2, Jerry Blackwell2, Alberto Moreno1

1Emory Vaccine Center, Atlanta, GA, United States, 2Washington University 
School of Medicine, St. Louis, MO, United States

Although significant improvements in malaria control have occurred in 
the past few years, an effective vaccine is needed to control the disease. 
Given the complexity of the parasite, an ideal malaria vaccine should 
target several stages of the parasite life cycle. A major challenge for the 
development of an effective multi-stage vaccine is to induce balanced and 
robust cellular and humoral immune responses. However, a regimen able 
to induce such responses is not available. We have reported Plasmodium 
yoelii chimeric recombinant proteins derived from CSP and MSP-1 
that express cognate promiscuous T cell epitopes. These vaccines have 
superior efficacy compared to non-chimeric vaccine constructs. Based 
on the reported chimeric proteins, we developed a single fusion protein 
called PyLPC-RMC. This protein was able to induce multi-stage immune 
responses mediated by CD4 T cells and neutralizing antibodies. With the 

aim of eliciting effective CD8 T cell responses, we produced recombinant 
adenovirus (Ad) vectors expressing PyLPC-RMC as a transgene and tested 
several prime-boost immunization regimens with the reported fusion 
protein in an effort to improve protective efficacy. A major concern in the 
use of the Ad5 vector is the high prevalence of anti-vector neutralizing 
antibodies against capsid proteins following natural infection in humans 
which limits the immunogenic potential of the vector. To overcome this 
limitation, we developed a chimeric Ad5/3 vector where the Ad5 knob 
region was replaced with the orthologous region from the rare Ad3 
human serotype, allowing the vector to circumvent preexisting anti-Ad5 
immunity. Comparative experiments demonstrated that the breadth of 
the immune responses elicited by immunization with Ad5 or recombinant 
Ad5/3 were comparable. Our data highlights that immunization with the 
recombinant Ad5/3 vector induces a protective immune response against 
P. yoelii infection that depends on antibodies, CD4 and CD8 T cells. To 
our knowledge this is the first time that the chimeric Ad5/3 vector has 
been used for malaria vaccine development. The proposed immunization 
regimen and correlates of protection will be discussed.

368
PHASE 2A/B PROTECTIVE EFFICACY OF PLASMODIUM VIVAX 
CS DERIVED PROTEIN FORMULATED WITH MONTANIDE ISA 
51

Michelle Larmat
Nora Cespedes Malaria Vaccine and Drug Development Center, Cali, 
Colombia

Plasmodium vivax is one of the most widely distributed malaria 
parasites, generating a global burden estimated in 75-85 million cases 
every year, which represents a great public health problem, particularly 
in the Asian and American continents. Malaria vaccine is considered the 
most economical and best strategy that may contribute to accelerate the 
reduction or elimination of malaria in high to low areas of transmission. 
Despite the traditional shortage of funding for P. vivax malaria research, 
significant efforts are being invested in the development of P. vivax 
vaccines and several phase I clinical trials have been conducted in recent 
years involving two different parasite antigens, the circumsporozoite (CS) 
protein and the oocyst/ookinete Pvs25 protein. The MVDC has invested 
efforts in the development of a P. vivax vaccine program and successfully 
assessed the safety, tolerability, and immunogenicity of a mixture of three 
long synthetic peptides (LSP) derived from the P. vivax CS protein in two 
phase 1a/b clinical trials, in addition, to the establishment of the P. vivax 
sporozoite infectious challenge. The protective efficacy of the P. vivax CS 
LSP formulated in Montanide ISA 51 adjuvant is being assessed in a phase 
2a/b randomized, double-blind, controlled trial. Sixteen malaria naïve 
volunteers and sixteen previously exposed volunteers (pre-immune) were 
included. Ten and six volunteers from each group were randomly assigned 
to the experimental (E) and control group (C), respectively. E volunteers 
will receive three doses of the mixture of LSP (150 μg) and C volunteers a 
placebo at months 0, 2 and 6. Thirty days after the last immunization all 
volunteers will be challenged with viable P. vivax sporozoites. Currently 
the first two immunizations have shown to be safe and well tolerated 
and no serious adverse events have occurred, however a local self-limited 
adverse event and a few self-limited systemic adverse events such as fever, 
headache, chills, malaise and diarrhea have developed in some volunteers 
within the first three days. Results of the immune response as well as the 
protective efficacy will be presented.
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FROM LAB TO FIELD: PRACTICAL CHALLENGES TO 
PERFORMING SMFA WITH LOW MEAN OOCYSTS IN THE 
CONTROL

Kazutoyo Miura1, Bruce Swihart2, Bingbing Deng1, Luwen Zhou1, 
Thao P. Pham1, Ababacar Diouf1, Timothy Burton1, Michael P. Fay2, 
Carole A. Long1

1Laboratory of Malaria and Vector Research/National Institute of Allergy 
and Infectious Diseases/National Institutes of Health, Rockville, MD, United 
States, 2Biostatistics Research Branch/National Institute of Allergy and 
Infectious Diseases/National Institutes of Health, Rockville, MD, United 
States

The standard membrane-feeding assay (SMFA) is one of few functional 
assays in which the transmission blocking activity (TBA) of test antibodies 
is evaluated in pre-clinical and clinical studies. There are two different 
readouts to express SMFA results: % inhibition in oocyst intensity 
(transmission reducing activity, TRA) and % inhibition in prevalence 
(transmission-blocking activity, TBA). Our lab and others have shown that 
TBA results from different assays depend on the mean number of oocysts 
in the controls. Therefore, if one wants to use TBA data directly from 
SMFA to estimate efficacy in the field, the SMFA should be performed with 
a similar mean number of oocysts in the control, i.e, means of more than 0 
but less than 4-5, as is usually seen in mosquitoes in the field. However, at 
present it is very challenging to target the mean number of oocysts in the 
control within a certain restricted range (e.g., the mean number of oocysts 
is within 1-4, which we call “restricted SMFA”). Based on our SMFA data, 
we have compared TBA estimates from “restricted SMFA” and model-
based TBA estimates. The “restricted SMFA” should have a pre-specified 
target mean number of oocysts in the control (e.g., 2.5, the midpoint 
of the restricted range), while the model-based TBA was calculated with 
observed TRA using any (i.e., non-restricted) controls. Our simulations 
show that the “restricted SMFA” required more feeding experiments 
compared with the model-based approach to achieve the same level of 
accuracy in TBA estimates. These results suggest that it might be more 
practical to estimate TBA based on the model rather than performing 
“restricted SMFA”.

370
PROFILING OF ANTIBODY RESPONSES AGAINST 
PLASMODIUM FALCIPARUM PROTEIN ARRAY IN UGANDAN 
CHILDREN FOR IDENTIFICATION OF NOVEL BLOOD-STAGE 
VACCINE CANDIDATES

Bernard N. Kanoi1, Eizo Takashima1, Masayuki Morita1, Edward 
H. Ntege1, Betty Balikagala1, Nirianne M. Palacpac2, Thomas G. 
Egwang3, Toshihiro Horii2, Takafumi Tsuboi1
1Division of Malaria Research, Proteo-Science Center, Ehime University, 
Matsuyama, Japan, 2Department of Molecular Protozoology, Research 
Institute for Microbial Diseases, Osaka University, Osaka, Japan, 3Medical 
Biotechnology Laboratories, Kampala, Uganda

Immunity to Plasmodium falciparum malaria can be acquired albeit 
slowly and after repeated infections. Parasite specific antibodies are 
considered to play a critical role in this immunity. Despite malaria being an 
enormous global health burden, the key targets of protective antibodies 
remain largely unknown. Identification of these targets could accelerate 
development of much-needed malaria vaccine. In this study, we attempted 
to profile antibody responses to 1848 recombinant proteins representing 
~35% of the P. falciparum entire proteome, to identify novel blood-stage 
malaria vaccine candidates. The recombinant proteins were expressed by 
wheat germ cell-free system; a robust eukaryotic protein expression system 
that allows synthesis of natively folded plasmodial proteins as compared 
to prokaryotic expression system. Serum samples were obtained from 
children and young adults (n=66) who are indigenous residents of Lira, 
a malaria holoendemic region in Northern Uganda. They were enrolled 

at the start of the rainy season and prospectively monitored for clinical 
malaria episodes for a year. Antibody (IgG) responses against the 1848 
P. falciparum protein array were measured by modified AlphaScreen® 
system, a homogeneous assay in solution which has the advantage 
of retaining antigens in natural conformations. As an outcome, levels 
of 195 antigen-specific antibodies were significantly associated with 
protection from clinical malaria (Hazard ratio <1, P<0.05). Of these, 78 
antigens were predicted to have signal peptide and/or transmembrane 
domain(s) suggesting expression on parasite surface hence viable targets 
of protective immunity. Overall, 32% (25/78) of selected antigens were 
previously uncharacterized hence considered novel blood-stage vaccine 
candidates. Our data offers new and wide options for malaria blood-stage 
vaccine candidate discovery.
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PARASITE GENETIC DIVERSITY AND PROTECTIVE EFFICACY 
IN A PHASE 3 TRIAL OF THE RTS,S/AS01 MALARIA VACCINE

Daniel E. Neafsey1, Michal Juraska2, Trevor Bedford2, David 
C. Benkeser3, Clarissa Valim4, Allison D. Griggs1, Marc Lievens5, 
Tsiri Agbenyega6, Scott Anderson1, Myriam Bruls5, Kristen M. 
Connolly1, Umberto D’Alessandro7, Carlota Dobaño8, Jonna 
Grimsby1, Mary J. Hamel9, Amanda Leach5, Niall J. Lennon1, Eli 
L. Moss1, Daniel J. Park1, Karell G. Pellé4, Dana Robbins1, Carsten 
Russ1, Elizabeth M. Ryan1, Brian Sogoloff1, Sarah K. Volkman4, 
Qing Yu1, Didier Lapierre5, Bruce W. Birren1, Peter B. Gilbert2, 
Dyann F. Wirth4

1Broad Institute, Cambridge, MA, United States, 2Fred Hutchinson Cancer 
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Boston, MA, United States, 5GlaxoSmithKline Vaccines, Rixensart, 
Belgium, 6(On behalf of the RTS,S clinical trial partnership); School of 
Medical Sciences, Kumasi, Ghana, 7(On behalf of the RTS,S clinical trial 
partnership); Medical Research Council Unit, Banjul, Gambia, 8(On behalf 
of the RTS,S clinical trial partnership); Barcelona Center for International 
Health Research (CRESIB), Barcelona, Spain, 9(On behalf of the RTS,S 
clinical trial partnership); Centers for Disease Control and Prevention, 
Atlanta, GA, United States

The RTS,S/AS01 vaccine targets the circumsporozoite (CS) protein of 
Plasmodium falciparum and confers partial protective efficacy against 
clinical and severe malaria disease in infants and children for 12 months 
post vaccination (NCT00866619). We investigated whether vaccine 
efficacy was specific to parasite genotypes at CS. We employed PCR-based 
next-generation sequencing of DNA extracted from 4985 participant 
samples to survey polymorphisms in CS. We evaluated the impact of 
polymorphic CS positions and several haplotypic regions on vaccine 
efficacy (VE) against first or only episodes of clinical malaria within a year 
of vaccination. VE was significantly greater against clinical malaria with 
infections matching the vaccine strain in several haplotype regions and 
individual amino acid positions of the CS C terminus in the 5-17 month 
old per-protocol category of 4557 RTS,S/AS01 vaccinated and 2328 
control vaccinated participants. For matched versus mismatched malaria 
based on the entire CS C-terminus, VE based on a hazard ratio was 62.7% 
(95% CI, 51.6 to 71.3) versus 54.2% (95% CI, 49.9 to 58.1), P = 0.06; 
and 1-year cumulative VE after vaccination was 50.3% (95% confidence 
interval [CI], 34.6 to 62.3) versus 33.4% (95% CI, 29.3 to 37.2), P 
= 0.04 for differential VE. In the 6-12 week old category, VE against 
matched and mismatched malaria was similar. Given the low frequency 
of parasites matching the vaccine strain at many of the study sites, these 
results suggest that parasite genotype contributes to the partial nature 
of protection conferred by RTS,S/AS01 vaccination in 5-17 month old 
children.
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NOROVIRUS-VLPS EXPRESSING MALARIA ANTIGENS INDUCE 
FUNCTIONAL IMMUNITY AGAINST PLASMODIUM PARASITES

Elke Bergmann-Leitner1, Mehran Pazirandeh2, Julien Fey2, Elizabeth 
H. Duncan1, Heather E. Hosie1, Carl Batt3, Evelina Angov1

1Walter Reed Army Institute of Research, Silver Spring, MD, United States, 
2Agave BioSystems, Inc., Ithaca, NY, United States, 3Cornell University, 
Ithaca, NY, United States

Despite the development of novel prophylactic anti-malarial drugs and 
practices to prevent infection, malaria remains a major health concern 
in tropical regions. Preclinical testing of novel malaria vaccine strategies 
achieved through rational antigen selection and novel particle-based 
delivery platforms is yielding encouraging results in preclinical models. 
Self-assembling virus-like particles (VLP) and capsid-like particles (CLP) are 
safer than attenuated live viruses, and have been approved as vaccination 
tools by the FDA. Moreover, a theoretical potential for a dual-application 
vaccine, against both the vector particle and the heterologous insert, could 
greatly impact public health. Here we explore the use of Norovirus sub-
viral particles that lack the natural shell (S) domain forming the interior 
shell but retain the protruding (P) structures of the natural virus as vaccine 
vector. Epitope selection and their combination into multiple epitope 
presentations may focus antigen specific immune responses to crucial 
epitopes. Several recombinant P-particles displaying epitopes from two 
protective malaria antigens, namely CelTOS and CSP, were evaluated for 
immunogenicity and their ability to confer protection in murine challenge 
models. Immune responses induced in mice resulted either in sterile 
protection (particles displaying PfCelTOS epitopes) or in antibodies with 
functional activity against sporozoites (particles displaying PfCSP epitopes) 
as measured by an in vitro liver-stage development assay (ILSDA). These 
results are encouraging and support further evaluation of this platform as 
a vaccine delivery system for malaria antigens.

373
HOW TO ADDRESS THE METHODOLOGICAL AND 
LOGISTICAL CHALLENGES OF PERFORMING MALARIA 
VACCINE EFFECTIVENESS STUDIES IN THE SUB-SAHARAN 
COUNTRIES

Judith Vandepitte 
GlaxoSmithKline Vaccines, Wavre, Belgium

RTS,S/AS01 is the most advanced candidate vaccine and might be the 
first to be introduced for children living in sub-Saharan Africa (SSA). A 
Phase III pivotal trial (NCT00866619) demonstrated a partial vaccine 
efficacy against uncomplicated and severe malaria due to Plasmodium 
falciparum. Pre- (NCT02374450) and post-licensure safety studies are 
planned in five SSA countries with a Health and Demographic Surveillance 
System in place. The effectiveness and impact of the vaccine, when used 
in addition to other malaria control interventions, needs to be assessed in 
a larger population setting. We have explored the optimal study design for 
SSA settings to estimate effectiveness and impact of RTS,S/AS01 against 
malaria disease. A methodological assessment of possible study designs 
was conducted, taking into account post-licensure uncertainties regarding 
recommended age groups and booster dose requirement. To account for 
effect modifiers and potential confounding factors, other determinants 
(such as malaria endemicity, vaccine coverage and field feasibility) were 
also considered. A stepped wedge cluster trial was considered unsuitable 
as simulations demonstrated that this design requires long study duration 
to account for malaria seasonality and a high number of clusters, which 
might be logistically complex to achieve in the field. A self-controlled case 
series design was considered inappropriate because of possible natural 
immunity against malaria existing before vaccination and the difficulty of 
identifying a control period during the same malaria season. Case-control 
design increases the risk confounding and does not allow for estimation of 
vaccine impact effects. The optimal design was considered to be a cohort 

study, this would allow calculation of vaccine effectiveness and vaccine 
attributable rate reductions, and could assess these measures for a variety 
of outcomes. Therefore, the effectiveness and impact of the RTS,S/AS01 
vaccine will be first assessed through a cohort study embedded in and 
taking advantage of the infrastructure developed for the safety study in 5 
SSA countries.
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EXPLORATORY ENDPOINTS IN THE BK-SE36 CLINICAL TRIAL 
AND FOLLOW-UP STUDY IN UGANDA

Nirianne Marie Palacpac1, Masanori Yagi1, Edward Ntege2, 
Adoke Yeka3, Betty Balikagala2, Hiroki Shirai4, Bernard Kanoi2, 
Kazuya Ito5, Wakaba Fukushima5, Yoshio Hirota5, Ken J. Ishii6, 
Thomas G. Egwang7, Toshihiro Horii1
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One of the constraints in the development of malaria vaccines is the 
limited availability of experimental models that can be correlates of 
protection. Randomized, controlled trials remain as the gold standard in 
providing scientific evidence regarding the efficacy of a malaria vaccine 
candidate. In clinical trials, several factors interplay with regards to 
interactions of the pathogen and host immune response. An evidence-
based approach would expedite the development of a specific candidate. 
Here, we present the experiences we have encountered during our phase 
1b clinical trial and follow-up study using the SE36 antigen from the 
blood stage Plasmodium falciparum malaria parasite. SE36 antigen was 
formulated with aluminum hydroxyl gel (BK-SE36). An age de-escalation 
(age cohorts: Stage 1: 21-40y; Stage 2: 16-20y, 11-15y, 6-10y) trial, 
tested BK-SE36 in participants after 2 vaccinations, 21 days apart. The 
vaccine was found to be safe and well tolerated. In our attempts to obtain 
additional data on the possible promise of BK-SE36, stage2 subjects 
were age-matched to 50 control individuals to compare malaria episodes 
130–365 days post-second vaccination. In our assessment, we used a wide 
range of clinical outcomes from infection: using comparisons of risks, rates 
or hazards, depending on various endpoints. Each endpoint has its own 
advantages and disadvantages but gives important information for the 
developmental pathway of BK-SE36. Our longitudinal data constitute a 
first description of a blood-stage vaccine candidate that gave statistically 
significant level of protection up to one-year post-vaccination.

375
INITIAL EVALUATION OF PFS25-EPA AND PFS230-EPA 
CONJUGATES ADJUVANTED WITH ALHYDROGEL®

Daming Zhu, Yimin Wu, Weili Dai, Holly McClellan, Sarah 
Brockley, Lynn Lambert, Kelly Rausch, David Narum, Patrick E. 
Duffy 
Laboratory of Malaria Immunology and Vaccinology, Rockville, MD, United 
States

Both Pfs25 and Pfs230 proteins of Plasmodium falciparum are leading 
malaria transmission-blocking vaccine candidates. Pfs25 is a surface 
protein expressed on the zygotes and ookinete stages in the infected 
mosquito and Pfs230 is expressed in gametocytes in the human host 
and on the surface of gametes in the mosquito host. To enhance 
immunogenicity, recombinant Pfs25 and Pfs230 domain 1 (identified as 
Pfs25M and Pfs230D1M, respectively) were chemically conjugated to 
recombinant nontoxic Pseudomonas aeruginosa ExoProtein A (rEPA) in 
conformance with current good manufacturing practices (cGMP). The 
clinical grade conjugates were formulated following cGMP on Alhydrogel 
at 78 μg/mL of Pfs25M and 50 μg/mL of Pfs230D1M, respectively. 
In order to meet the regulatory requirements for a phase 1 human 
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clinical trial, these drug products were extensively evaluated. The initial 
characterization performed on the clinical lots included appearance, 
endotoxin content, sterility, general safety, strength (protein content tested 
by o-Phthaldialdehyde (OPA) assay and aluminum content determined by 
atomic absorption), identity (SDS-PAGE and Western blot after extraction 
of antigen from Alhydrogel), integrity (pH, percent protein bound to 
Alhydrogel, SDS-PAGE, Intrinsic Fluorescence CD, Direct Alhydrogel 
Formulation Immunoassay), and efficacy (mouse potency assay). Our 
results showed that the Drug Products Pfs25M-EPA and Pfs230D1M-
EPA formulated on Alhydrogel are in conformance with the regulatory 
specifications and are considered suitabe for human clinical trials.

376
DEVELOPMENT OF SELF-ADJUVANTED SELF ASSEMBLING 
NANOPARTICLES FOR USE AS MALARIA VACCINE 
CANDIDATES 

Christopher Karch1, David Lanar2, Peter Burkhard1

1University of Connecticut, Storrs, CT, United States, 2Walter Reed Army 
Institute of Research, Silver Spring, MD, United States

The need for a safe, effective, and affordable malaria vaccine is currently 
one of the most critical global public health concerns. Currently, no 
malaria vaccine candidate meets all of these criteria. RTS,S, the most 
successful candidate to date, induces protection, but these levels quickly 
fall; particularly in the most vulnerable population young children. In light 
of this situation there is a pressing need for new vaccine technologies 
to induce higher and longer lasting levels of protection. Our lab has 
developed the Self Assembling Protein Nanoparticle (SAPN) technology. 
Our SAPNs are rationally designed from coiled coil folding motifs to 
be similar in size and shape to small icosahedral viruses. Each SAPN is 
decorated on its surface with 60 copies of the antigen of choice. Currently, 
we have multiple malaria SAPNs in all stages of development from 
preclinical to clinical trials. One important aspect of vaccine development 
is adjuvant formulation. We have begun to expand upon our SAPN design 
to generate self-adjuvanted particles. These self-adjuvanted SAPNs contain 
a fragment of Salmonella enterica flagellin, a known TLR5 agonist, 
as well as a malaria antigen. Previous studies have indicated that TLR5 
activation by flagellin has the potential to function as a successful adjuvant 
by activating cells in both the innate and adaptive immune system. This 
activation leads to a strong adaptive immune response and ultimately 
memory. In vitro studies in a model cell culture system indicate that SAPNs 
containing flagellin stimulate TLR5 in a concentration dependent manner. 
Initial animal studies are ongoing to determine the effect on protection 
against sporozoite challenge. Our self-adjuvanted SAPNs are viable new 
malaria vaccine candidates that may potentially eliminate the need to 
contain a separate adjuvant in the vaccine formulation.

377
HIGH-THROUGHPUT AUTOMATED ASSAYS FOR ANTIBODY 
BINDING AND INHIBITION OF SPOROZOITE INVASION

Sumana Chakravarty1, Natasha KC1, Patricia Dranchak2, James 
Inglese2, Stephen L. Hoffman1

1Sanaria Inc., Rockville, MD, United States, 2Chemical Genomics Center, 
National Center for Advancing Translational Sciences , National Institutes 
of Health, Rockville, MD, United States

In recent trials, Sanaria® Plasmodium falciparum (Pf) sporozoites(PfSPZ)-
based vaccines, composed of aseptic, purified, cryopreserved, radiation 
attenuated PfSPZ Vaccine, or non-attenuated PfSPZ with chloroquine 
(PfSPZ-CVac) were safe and highly protective. PfSPZ Vaccine protected 
100% and 92% of non-immune individuals after 5 doses and 87% after 
3 doses in 2 independent trials and provided durable and heterologous 
(75%) strain protection. PfSPZ-CVac was 100% efficacious in non 
immunes. Under natural exposure settings in Africa, PfSPZ Vaccine 
provided ~50% protection of semi-immune individuals over 6 months. 
Analysis of the humoral immune responses induced in these volunteers has 

uncovered a striking correlation between anti-PfCSP antibodies measured 
by ELISA and their protective status. Because the activity of antibodies in 
response to PfSPZ is believed to target SPZ before they enter hepatocytes, 
we assessed 2 additional measures of antibody function: the capacity 
to bind PfSPZ (anti-whole PfSPZ Immunofluorescence Assay or IFA) and 
the ability to prevent invasion into HC-04 cells (inhibition of Sporozoite 
Invasion or ISI). Initially IFA was performed by manual inspection of 
antibody-stained dried PfSPZ preparations. We have enhanced the 
throughput of this assay coating sporozoites in 96-well format and 
using an Acumen eX3 laser cytometer for fluorescence detection and 
quantification. The IFA readouts are highly correlated (75%-90%) with 
anti-PfCSP responses.The ISI assay is similarly performed with HC 04 
cells grown in 96-well plates followed by a 3-hour invasion of PfSPZ. 
Both assays are reproducible over multiple iterations with specificity, 
sensitivity and statistical significance to predict clinical outcome in non-
immune volunteers. Analysis of semi-immune individuals is ongoing. 
The miniaturized IFA and ISI assays are also useful screening tools in 
human monoclonal antibody development. They are expected to provide 
the malaria community with antigen-unbiased assays to interrogate 
antibody responses across diverse pre-erythrocytic vaccine platforms in an 
automated high-throughput format.

378
DIFFERENTIAL ANTIBODY RESPONSE TO THE ANOPHELES 
STEPHENSI AAPP AND PLASMODIUM ANTIGENS IN 
INDIVIDUALS NATURALLY EXPOSED TO BITES OF 
AFROTROPICAL MALARIA VECTORS

Mitsuhiro Iyori1, Risa Fujiyoshi1, Din Syafrudin2, Shigeto Yoshida1

1Kanazawa University, Kanazawa, Japan, 2Eijkman Institute of Molocular 
Biology, Jakarta, Indonesia

To identify the efficacy of control efforts of intervention trials against 
malaria transmission, the development of sensitive tools for evaluation of 
malaria risk and frequency of the vector exposure is required. During the 
exposure to the anopheles mosquitoes, antibodies against some of the 
salivary gland proteins are raised in the hosts. Recently, we have identified 
that anopheles mosquitoes expressed anopheline anti-platelet protein 
(AAPP), a one of the major component of the salivary protein, and the 
anti-AAPP antibody was well induced in mice frequently bitten by the 
mosquitoes. To examine the possibility of anti-AAPP antibody as a new 
tool for the evaluation system of malaria risks, recombinant AAPP as well 
as a series of malaria antigen were purified, and ELISA was conducted for 
the sera of residents of Sumba Island, Indonesia. Throughout the rainy 
season we examined, anti-malaria antibodies such as anti-PfCSP IgG and 
anti-PfMSP1 IgG were significantly increased in the individuals infected 
with Plasmodium as compared with normal hosts. In contrast, IgG 
responses to AAPP were increased after the exposure to the mosquitoes 
during the rainy season, and those with high titer of anti-AAPP antibody 
was significantly correlated with infection with Plasmodium spp. 
Geographical variations of mosquitoes number were associated with the 
anti-AAPP IgG responses, further supporting that anti-AAPP antibody 
response was depended on the variation of vector exposure. Taken 
together, anti-AAPP IgG can be a suitable marker for the evaluation of the 
vector exposure and malaria risks.
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379
MALARIA CONTROL WITH SOLAR-POWERED MOSQUITO 
TRAPPING SYSTEMS: SOCIO-ECONOMIC AND PERCEIVED 
HEALTH OUTCOMES OF HOUSE LIGHTING IN RUSINGA 
ISLAND, WESTERN KENYA

Prisca A. Oria1, Cees Leeuwis1, Alexandra Hiscox1, Daniel Masiga2, 
Willem Takken1, Jane Alaii2
1Wageningen University and Research Centre, Wageningen, Netherlands, 
2International Centre for Insect Physiology and Ecology, Nairobi, Kenya

In 2012, a proof of principle study was launched to eradicate malaria from 
Rusinga Island using solar-powered mosquito trapping systems (SMoTS). 
In addition to the mosquito trap, two light bulbs and a mobile telephone 
charging port were provided for use in each homestead in which a SMoTS 
was installed. Prior to receiving SMoTS, residents mainly used kerosene tin 
lamps for lighting. The effectiveness of new preventive health interventions 
is enhanced if, in addition to clinical efficacy, they are socially and culturally 
acceptable, and are widely adhered to in the longer-term. Social science 
studies on the project aim to understand socio-cultural and behavioural 
aspects of adherence to use and maintenance of SMoTS. We assessed 
socio-economic and perceived health outcomes of house lighting using in-
depth interviews and focus group discussions with selected early recipients 
of SMoTS. The main economic benefit of solar lighting was reduced or 
eliminated expenditure on kerosene. Additionally, some residents charged 
mobile telephones for neighbours without SMoTS for pay. Kerosene 
traders, however, attracted fewer customers which led some to abandon 
the trade. Electricity reportedly reduced risks of respiratory infections, fire 
outbreaks from tin lamps, and physical accidents prone to poor house 
lighting. However, bright lights reportedly attracted mosquitoes into 
houses. Social outcomes included improvements in spousal relations due 
to reduced squabbles over expenditure on kerosene, while extended 
lighting periods facilitated unhurried social networking in the evenings, 
and night-time studying. Respondents also perceived improved social 
status as a result of owning a SMoTS. Negative social outcomes were 
strained relationships among women in polygamous households and 
envy from households that did not receive SMoTS. Although data on 
malaria prevention is not yet complete, there is evidence of enhanced 
socio-economic and emotional well-being of study participants which may 
increase the desire of community members to sustain the intervention 
beyond the research period.
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CONTROLLING MALARIA VECTORS IN EASTERN RWANDA 
THROUGH A COMMUNITY-BASED LARVAL SOURCE 
CONTROL APPLICATION OF BTI

Chantal M. Ingabire1, Emmanuel Hakizimana1, Constantianus 
JM Koenraadt2, Alexis Rulisa3, Fredrick Kateera1, Leon Mutesa4, 
Michelle Van Vugt5, Jane Alaii6, Bart Van Den Borne7

1Rwanda Biomedical Center, Kigali, Rwanda, 2Wageningen University, 
Wageningen, Netherlands, 3Rwanda Social Security Board, Kigali, Rwanda, 
4University of Rwanda, Kigali, Rwanda, 5Academic Medical Center, 
Amsterdam, Netherlands, 6Context Factor Solutions, Nairobi, Kenya, 
7Maastricht University, Maastricht, Netherlands

Larval source management (LSM) with existing vector control strategies 
such as insecticide treated nets (LLINs) and indoor residual spraying (IRS) 
are expected to contribute to further malaria reduction. We evaluate the 
process of a community-led LSM using bacillus thuringiensis israelensis 
(Bti). The research is being conducted in Ruhuha sector, a malaria endemic 
zone of the eastern province of Rwanda, geographically surrounded by 
marshlands and mainly occupied by rice farming. Since January 2015, 
four main steps were achieved; baseline studies involving entomological 
and socio economic aspects, training of larval control and mosquito 
surveillance teams; larval control implementation and lastly self-assessment 
using designed toolkits. Overall, 90% of rice farmers highlighted stagnant 

water/irrigation ditches as common mosquito breeding sites and 92% 
cited rice fields as significantly contributing to larval habitats. Only 12% 
had ever heard about LSM. However, 90% and 88% of the rice farmers 
were confident of the safety of the intervention to rice consumers and 
farmers, respectively. Nearly all were confident that the intervention would 
reduce the number of mosquitos and thereby reduce malaria transmission. 
Weekly application of Bti in marshlands resulted in a decrease of late stage 
mosquito larvae as compared to the baseline data. A self-assessment done 
using checklists coupled with weekly meetings highlighted contextual 
aspects and challenges to the implementation of the intervention and 
resulted in adjustment of self-assessment tools. The community-based 
LSM was found highly acceptable in the area. Newly identified open 
water sources have had implications on the amount of product to be 
used as well as the general timeframe allocated to the intervention. In 
conclusion, this novel approach is deemed to contribute to significant 
malaria reduction in the area and is expected to strengthen community 
know-how and promote local (1) ownership, (2) sustainability and (3) long 
term application.

381
NO DIFFERENCE IN THE INCIDENCE OF MALARIA IN HUMAN-
LANDING MOSQUITO CATCH COLLECTORS AND NON-
COLLECTORS IN A SENEGALESE VILLAGE WITH ENDEMIC 
MALARIA

Amélé N. Wotodjo1, Jean-François Trape1, Vincent Richard2, 
Souleymane Doucouré1, Nafissatou Diagne1, Adama Tall2, 
Ousmane Ndiath3, Ngor Faye4, Jean Gaudart5, Christophe Rogier6, 
Cheikh Sokhna1

1Institut de Recherche pour le Développement, Dakar, Senegal, 2Institut 
Pasteur de Dakar, Dakar, Senegal, 3Institut Pasteur International Network, 
Bangui, Central African Republic, 4Université Cheikh Anta Diop de Dakar, 
Dakar, Senegal, 5Aix-Marseille Université, Marseille, France, 6Institut 
Pasteur de Madagascar, Antananarivo, Madagascar

To study the various vectors that transmit malaria and estimate their 
aggressiveness, most entomological studies opt to capture mosquitoes 
using human landing catches (HLC), which remains the gold standard 
method. However, this method has raised safety concerns due to a 
possible increased risk of malaria or other mosquito-borne diseases 
among the mosquito collectors. The aim of this study was to evaluate the 
incidence of malaria attacks among mosquito collectors and to compare 
these results with those of non-collectors living in a Senegalese village. 
From July 1990 to December 2011, a longitudinal malaria study involving 
adult mosquito collectors and non-collectors was performed in Dielmo 
village, Senegal. During the study period, 4 drugs were successively used 
to treat clinical malaria, and long-lasting insecticide-treated nets were 
offered to all villagers in July 2008. No malaria chemoprophylaxis was 
given to mosquito collectors. Incidence of uncomplicated clinical malaria 
and asymptomatic malaria infection were analyzed among these two 
groups while controlling for confounding factors associated with malaria 
risk in random effects negative binomial and logistic regression models, 
respectively. A total of 3,812 person-trimester observations of 199 adults 
at least 15 years of age were analyzed. Clinical malaria attacks accounted 
for 6.3% both in collectors and non-collectors, and asymptomatic malaria 
infections accounted for 21% and 20% in collectors and non-collectors. 
A non-significant lower risk of malaria was observed in the collector group 
in comparison with the non-collector group after adjusting for other risk 
factors of malaria and endemicity level (clinical malaria: adjusted incidence 
rate ratio = 0.89; 95% confidence interval [95%CI] = 0.65-1.22; p= 0.47). 
Being a mosquito collector in Dielmo was not significantly associated with 
an increased risk of malaria both under holoendemic, mesoendemic and 
hypoendemic conditions of malaria epidemiology. This result supports 
the view that HLC, the most accurate method for evaluating malaria 
transmission, can be used in areas with endemic malaria without ethical 
concern.
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USING MACHINE-LEARNING FEATURE SELECTION APPLIED 
TO NEAR INFRARED SPECTRA TO CHARACTERIZE AGES OF 
MALARIA VECTORS

Masabho P. Milali
Marquette University, Milwaukee, WI, United States

One way to evaluate the degree of risk of a particular mosquito population 
on malaria transmission is by determining its age and species composition. 
Currently, mosquito age-grading is best done by hand-dissection of ovaries 
to identify mosquitoes that have previously laid eggs (i.e., likely to be old 
and potentially infectious), and those that have not previously laid eggs 
(likely to be young and non-infectious). Studies show that the minimum 
age of mosquitoes to lay eggs is three days. Such a mosquito cannot be 
infectious, as the malaria parasite needs 10-14 days in mosquitoes to 
complete its development. A mosquito has to be at least 10 days old to 
be infectious. This means knowing a mosquito’s egg laying status is not 
enough information to tell whether it is infectious. This implies a need for 
a new method to age grade a particular mosquito population to determine 
its infectiousness. Studies have shown that Near-Infrared Spectroscopy 
(NIRS), a low-cost high-throughput method, is 95% accurate on age-
grading laboratory-reared mosquitoes. Based on calibration from lab-
reared mosquitoes, NIRS classified 95% of 1740 wild samples to be <10 
days old and 5% to be at least 10 days old. Despite of these promising 
results on age grading wild mosquitoes, its application still needs 
validation of its accuracy. Once hand dissection of ovaries were thought to 
be a means of validating accuracy of NIRS, but dissection does not provide 
chronological age needed to validate NIRS inferred ages. Identifying 
specific spectral feature associated with age is one way of validating these 
results. Using supervised machine learning (samples used have labels), we 
applied feature extraction techniques to characterize patterns associated 
with age from spectra collected from lab-reared mosquitoes. Machine 
learning feature extraction uses computer tools to develop features from 
a huge data set. 700 spectra collected from lab-reared mosquitoes with 
different known ages were used in this analytical study. It was found 
that there are features in spectra that support classification of lab-reared 
mosquitoes by age, a step toward validation of NIRS for age-grading of 
wild mosquitoes.

383
WHAT IS THREATENING THE EFFECTIVENESS OF 
ITNS? A COMPARISON OF PHYSICAL, BEHAVIORAL, 
ENTOMOLOGICAL AND ENVIRONMENTAL FACTORS

Wendy Prudhomme O’Meara1, Judith Mangeni2, Alyssa Platt1, 
Lucy Abel3, Jane Namae2, Andrew Obala2

1Duke University, Durham, NC, United States, 2Moi University, Eldoret, 
Kenya, 3AMPATH, Eldoret, Kenya

Insecticide-treated nets are the cornerstone of global malaria control and 
have been shown to reduce malaria morbidity by 50-60%. However, 
some areas are experiencing a resurgence in malaria following successful 
control. We enrolled 442 children hospitalized with malaria in an endemic 
area of western Kenya where coverage with ITNs is high. We paired them 
with age, time, village and gender-matched controls. We completed 
comprehensive household and neighborhood assessments including 
entomological surveillance. The variables were grouped into five domains 
- ITN ownership, compliance, physical integrity, vector susceptibility 
and facilitating factors. After variable selection, case-control data were 
analyzed using conditional logistic regression models and mosquito 
data were analyzed using negative binomial regression. Measures of ITN 
coverage and physical integrity were not correlated with infection in our 
study . However, ITN compliance(AOR=0.23, 95%CI:0.12-0.43) presence 
of nearby larval sites (AOR=1.43, 95%CI:1.05-1.95), and specific types of 
crops were significantly correlated with infection amongst children who 
owned an ITN. The odds of infection increased nearly three-fold when one 

other household member had symptomatic malaria infection (AOR=2.76, 
95%CI:1.83-4.18). Overall, perfect household adherence could reduce 
the probability of infection to less than 30% and reducing environmental 
risk factors could reduce the probability of infection to less than 20%. 
We conclude that availability of ITNs is not the bottleneck for malaria 
prevention in this community. Behavior change interventions to improve 
compliance and environmental management of mosquito breeding 
habitats may greatly enhance ITN efficacy. A better understanding of 
the relationship between agriculture and mosquito survival and feeding 
success is needed.
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EFFECTIVENESS OF CONTINUOUS DISTRIBUTION IN 
SUSTAINING ACCESS TO LONG-LASTING ITNS: RESULTS 
FROM FIVE COUNTRIES

Angela Acosta1, Albert Kilian2, Celine Zegers de Beyl3, Emmanuel 
Obi4, Ato Selby3, Andrea Brown1, Mohamad Sy-Ar1, Hannah 
Koenker1, Matthew Lynch1

1Johns Hopkins University School of Public Health, Baltimore, MD, United 
States, 2Tropical Health, LLP, Montagut, Spain, 3Malaria Consortium, 
London, United Kingdom, 4Malaria Consortium, Abuja, Nigeria

Sustained universal coverage with ITNs is essential to malaria control. 
While mass campaigns which deliver nets in a single time-limited 
operation, continuous distribution systems (CD) use existing infrastructure 
such as clinics, schools, religious leaders and community-based workers 
to deliver nets continuously over time. To assess the effectiveness of 
CD, the NetWorks project piloted different models in five settings: 
Cross River State, Nigeria (schools and ANC), Nasarawa State, Nigeria 
(community and ANC), Ghana (multiple: schools, ANC and child clinics), 
Madagascar (community) and South Sudan (community). The number 
of nets distributed ranged from 26,686 to 150,000 per pilot. Pre-post 
representative cross-sectional household surveys were carried out in 
Nigeria, Ghana and South Sudan; in Madagascar, the study was a 
post-only design. Results showed improvements or, for Madagascar, 
continuation of high rates across several key indicators such as ownership 
of at least 1 ITN (Cross River 51% to 77%, Nasarawa 17% to 37%, 
Ghana 81% to 88%, Madagascar 97% and South Sudan 66% to 82%) 
and population access to an ITN (Cross River 34% to 55%, Nasarawa 
16% to 34%, Ghana 57% to 67%, Madagascar 84% and South Sudan 
38% to 66%). For the proportion of households with at least 1 ITN per 2 
people, improvements were mixed with positive outcomes in Cross River 
(17% to 30%) Madagascar (62%) and South Sudan (31% to 63%) and 
slight declines in Nasarawa (25% to 17%) and Ghana (50% to 40%). 
Few households were oversupplied with nets and there was little overlap 
in source of nets. However, in Nasarawa, which had the lowest coverage 
outcomes at endline, gains were constrained by stock-outs, insufficient 
awareness of the program (only 32% of households knew about the 
program), and misconceptions among providers. Regardless, overall results 
suggest that CD contributes to sustained ownership levels and household 
access to ITNs over time. The quality of implementation contributed 
measurably to redemption rates for community distribution. Pilots with 
strong partnerships, sensitization, and supervision systems were successful.
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HEALTH SYSTEMS STRENGTHENING: IMPROVING QUALITY 
OF SERVICES FOR PREVENTION OF MALARIA IN PREGNANCY 
THROUGH THE STANDARDS-BASED MANAGEMENT AND 
REWARD APPROACH IN KENYA 

Augustine M. Ngindu1, Gathari Ndirangu2, Sanyu N. Kigondu2, 
Isaac M. Malonza3

1United States Agency for International Development-MCSP, Kisumu, 
Kenya, 2United States Agency for International Development-MCSP, 
Nairobi, Kenya, 3Jhpiego Kenya, Nairobi, Kenya

Performance quality improvement (PQI) is one of Jhpiego’s 9 health 
systems strengthening components in provision of health services towards 
improvement of maternal health including better pregnancy outcomes. 
The Standards-Based Management and Reward (SBM-R) approach has 
been used in improving as well as assessing the quality of services provided 
at health facilities. Kenya developed 15 malaria in pregnancy (MIP) SBM-R 
standards for use by service providers in provision of MIP services and is 
also used by supervisors to assess the quality of services provided at service 
delivery points. Facility incharges were trained on the 15 MIP SBM-R 
performance standards and they oriented service providers in their facilities 
on use of the performance standards. A baseline on SBM-R practices was 
done in all facilities before orientation in Kakamega east and Kakamega 
central subcounties and 1st assessment on practices done after three 
months of practice. A total of 30 health facility incharges from the two 
malaria endemic subcounties (Kakamega east 16 Kakamega central 
14) were trained on the 15 MIP SBM-R performance standards. The facility 
incharges oriented 291 service providers (127 Kakamega east, 164 
Kakamega central) on use of SBM-R performance standards in provision 
of MIP services in health facilities. Baseline assessment had an average 
score of 57% for Kakamega east and 58% for Kakamega central. 1st 
assessments were conducted after three months of practice and showed 
an average score of 76% for Kakamega east and 64% for Kakamega 
central giving an overall increase in score of 19% and 13% between 
baseline and 1st assessment for Kakamega east in Kakamega central 
respectively. Use of MIP SBM-R performance standards ensures services 
provided at health facility level are in line with WHO recommendations and 
national guidelines. Establishment of PQI as a health systems strengthening 
component is feasible and is an approach that would make available 
quality MIP services at facility level. Provision of quality MIP services ensures 
protection of pregnant women against the effects of malaria in pregnancy.
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DESIGN, MONITORING AND IMPLEMENTATION OF THE 
SECOND ROUND OF SCHOOL NET DISTRIBUTION TO 
MAINTAIN ACCESS TO LONG-LASTING INSECTICIDAL NETS 
IN SOUTHERN TANZANIA

Stephen M. Magesa1, Shabbir Lalji1, Jeremiah M. Ngondi1, Narjis 
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Tanzania has been successful in implementing mass distribution of nets 
through a number of campaigns conducted to scale up the coverage of 

insecticide-treated nets (ITNs) in the country. In order to sustain these 
gains, the government has adopted a school-based approach as a Keep-up 
Strategy for the continuous distribution of long-lasting insecticidal nets 
(LLINs). In 2013, it piloted a school net project (SNP1) for distribution of 
LLINs in the Southern Zone. A second round of school net project (SNP2) 
was undertaken to maintain high access to LLINs. This study reports on 
the design, implementation and outcomes of the SNP2 project to sustain 
high LLIN coverage in Southern Tanzania. The SNP was conducted in Lindi, 
Mtwara and Ruvuma regions of Tanzania to distribute nets to students 
and teachers of primary and secondary schools (Standard 1, 3, 5 and 7 
and Forms 2 and 4). In Lindi region, two additional classes (class 2 and 
4) were targeted for net distribution. Each student from the selected 
classes received one LLIN for his/her household. In addition, a net was 
issued to each of the primary and secondary school teachers in the three 
regions. Training and sensitization activities, planning of logistics, data 
quantifications and revision of tools and manuals from SNP1, took place 
prior to net distribution. We designed a database that used an android 
software application for collection, entry and management of SNP2 
data. A total of 487 trainers and 4,583 implementers were trained for 
distribution of the nets to schools. A total of 2,337 schools, 473,700 
students and 25,269 school teachers participated in SNP2. A total of 
507,775 LLIN were distributed to schools. A total of 464,893 (98.0% of 
registered) students and 24,206 (95.8% of registered) school teachers 
received LLIN. After net distribution was over, 18,676 (3.8% of those 
distributed) LLIN remained. The SNP2 reached 98% of registered eligible 
students. LLIN ownership and use in the community can be expected to 
increase and therefore reduce the burden of malaria in the three SNP 
regions.
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COVERAGE, USE AND MAINTENANCE OF BED NETS AND 
RELATED INFLUENCE FACTORS IN KACHIN SPECIAL REGION 
II, NORTHEASTERN MYANMAR

Hui Liu
Yunnan Institute of Parasitic Diseases, Simao, Puer, China

Myanmar is one of the 31 highest burden malaria countries worldwide. 
The study combined a quantitative household questionnaire survey and 
qualitative direct observation of households to investiagte the extent to 
which bed nets were used and which factors influence bed net use among 
the population in Kachin Special Region II, Northeastern Myanmar. The 
results of study showed that the bed net to person ratio was 1:1.96 (i.e., 
more than one net for every two people). The long lasting insecticidal net 
(LLIN) to person ratio was 1: 2.52. Also, the percentage of households that 
owned at least one bed net was 99.7% (666/688). 3262 (97.3%) residents 
slept under bed nets the prior night, 2551(76.1%) of which slept under 
ITNs/LLINs the prior night (SUITNPN). The poorest families (OR: 4.67, 95% 
CI: 3.59 to 9.12; P<0.0001), those with thatched roofing (OR: 1.57, 95% 
CI: 1.33, 2.24; P<0.0001), those who use agriculture as their main source 
of family income (OR: 1.66, 95% CI: 1.45, 2.70; P<0.0001), household 
heads who knew that mosquitoes transmit malaria (OR: 1.88, 95% 
CI:1.45-3.47; P<0.0001) and those who used bed nets to prevent malaria 
(OR: 1.56, 95% CI: 22, 2.67; P=0.0003) were significantly more likely to 
be in the SUITNPN group. However, residents in lowlands and foothills 
were significantly less likely to be SUITNPNs (OR: 0.63, 95% CI: 0.44, 
0.71; P<0.0001). Finally, head of household attitude towards fixing bed 
nets influenced MCHI (F=8.09, P=0.0046). The coverage and usage rates 
of bed nets were high, especially among children and pregnant women. 
Family wealth index, geographical zones, household roofing, source of 
family income, household head’s knowledge of malaria transmission and 
of using bed nets as tools for malaria prevention are independent factors 
which influence use of ITNs/LLINs in KR2. The attitudes of household 
heads toward mending bed nets influenced the intactness of bed nets. 
Maintaining high coverage and use rate of bed nets should be a priority 
for the war-torn population of KR2 to ensure equity and human rights.



118

astmh.org

388
A LONGITUDINAL STUDY OF THE DURABILITY OF LONG-
LASTING INSECTICIDAL NETS IN ZAMBIA

Kathrine R. Tan1, Jane Coleman2, Barbara Smith3, Busiku 
Hamainza4, Cecilia Katebe-Sakala5, Casey Kean6, Ashley Kowal7, 
Jodi L. Vanden Eng1, Stephen C. Smith1, Tiffany K. Parris1, Carla T. 
Mapp1, Robert A. Wirtz1, Mulakwa Kamuliwo4, Allen S. Craig1

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
2Jhpiego an affiliate of Johns Hopkins University, Washington, DC, United 
States, 3Peace Corps, West Coast Region, San Francisco, CA, United States, 
4Zambia National Malaria Control Centre, Lusaka, Zambia, 5Bayer (Pty) Ltd, 
Isando, South Africa, 6Success Academy Charter Schools, New York, NY, 
United States, 7Society for Family Health, Lusaka, Zambia

Universal access to long-lasting insecticidal nets (LLINs) is key to malaria 
control. Quantifying how many nets are needed to achieve and maintain 
universal coverage requires knowing when to replace worn nets. Net 
lifespan is often thought to be 3 years. We aimed to describe attrition, 
physical integrity, and insecticide persistence of LLINs over time to better 
estimate net lifespan. In 2 highly endemic provinces in Zambia, LLINs 
randomly selected from distribution records were followed every 6 months 
from 12-30 months of age. Net owners were surveyed on net care and 
reasons for attrition. Holes were counted and sizes estimated (< thumb 
=1.23 cm2, ≥thumb but <fist =28.28 cm2, ≥fist but < head=240.56 cm2, 
and ≥head=706.95 cm2). Proportional hole index (pHI) was calculated 
by dividing hole area by 1.23 cm2 (smallest hole area). Functional survival 
(FS) was defined as nets present at follow up with a pHI <643 (WHO 
working group definition). Generalized estimating equation models of log 
transformed pHI and survival analysis on nets with endpoints of attrition 
and pHI≥643 were done. At 12 and 24 months old, a subset of nets was 
studied for insecticidal activity and concentration using bioassay and 
chemical analysis. We enrolled 999 LLINs; 505 PermaNet and 494 Olyset 
nets. Of these, 74 were removed for insecticide studies, and 925 had full 
follow-up. At 30 months old 325 (33%) nets remained. Attrition at 12-30 
months old was primarily due to disposal (29%). Olyset nets, repairs and 
use over a reed mat were associated with larger log pHIs. Only 56% of 
remaining nets met FS criteria. FS was shorter in nets with repair (p<0.05), 
but longer in nets used the night before (p<0.05) and never washed 
(p<0.05). At 30 months, nets had a 34% chance of functionally surviving. 
Median survival was longer in PermaNets than Olysets (p<0.05). Insecticide 
activity and content was lower at 12 months old. Bioassay and chemical 
results were poorly correlated, likely due to small sample size. Replacing 
nets every 3 years may not be enough to maintain high level coverage 
with LLINs in this setting. A better measure of net survival incorporating 
insecticidal effectiveness is needed.

389
TYPHOID TRANSMISSION: A HISTORICAL PERSPECTIVE ON 
MATHEMATICAL MODEL DEVELOPMENT

Iurii Bakach1, Matthew R. Just1, Manoj Gambhir2, Isaac Chun-Hai 
Fung1

1Georgia Southern University, Statesboro, GA, United States, 2Monash 
University, Melbourne, Australia

Mathematical models of typhoid transmission have been developed for 
nearly half a century. To facilitate a better understanding of the historical 
development of this field, we reviewed mathematical models of typhoid 
and summarized their structures and limitations. Eleven models, published 
in 1971 to 2014, were reviewed. While models of typhoid vaccination 
are well developed, we highlight the need to better incorporate water, 
sanitation and hygiene interventions into models of typhoid and other 
foodborne and waterborne diseases. Mathematical modeling is a 
powerful tool to test and compare different intervention strategies which 
is important in the world of limited resources. By working collaboratively, 
epidemiologists and mathematicians can build better mathematical models 
of typhoid transmission that will be useful in epidemiological practice.
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A SYSTEMATIC REVIEW OF DIARRHEAL DISEASE: ITS 
DIFFERENTIAL BURDEN BETWEEN GENDERS AND THE ROLE 
OF WOMEN IN THE ABATEMENT OF THIS EPIDEMIC?

Varadan Sevilimedu1, Keisha Pressley1, Kassandra Snook1, 
Jamesa Hogges1, Maria Politis1, Kelly Baker2, Manoj Gambhir3, 
Isaac Chun-Hai Fung1

1Georgia Southern University, Statesboro, GA, United States, 2University 
of Iowa, Iowa City, IA, United States, 3Monash University, Melbourne, 
Australia

Even though research on diarrheal diseases has been done in the past, 
some aspects have remained unexplored. One of these aspects is the 
differential disease burden and vulnerability to disease between males 
and females. We try to shed light on this important issue by performing 
a systematic review of relevant articles chosen from the literature. We 
searched PubMed for peer-reviewed articles, and included grey literature 
from the World Health Organization, Water and Sanitation for the 
Urban Poor and Water Supply and Sanitation Collaborative Council. All 
articles that dealt with the public health relevance of diarrheal disease, 
focused on access to clean water and care taker role in access to clean 
water, role of gender in sanitation, helminth infections and differential 
gender burden were included in this study. Articles which do not address 
diarrheal diseases and the role of sanitation and WASH interventions in 
the amelioration of diarrheal diseases and helminth infections, articles that 
are not epidemiologically linked or articles that deal with rare pathogens 
or diseases, therapeutic regimens or drug resistance were excluded from 
the study. All articles that dealt with respondents 6 years of age and older 
were included in the study. From our systematic review, we concluded that 
the burden of diarrheal disease falls more on females qualitatively than 
males. Women empowerment in making household and community level 
decisions with regard to sanitation may be of greater benefit to the well-
being of society in developing countries. Some limitations of our study are: 
The study participants in most of the studies belonged to the 6-18 year 
age group, which could have resulted in age bias. Secondly, because of 
the large quantity of articles that were retrieved, there is a small but very 
unlikely chance that some relevant articles might have been missed. Lastly, 
we provide qualitative evidence of differential burden of diarrheal disease 
between genders. A meta-analysis will be performed to consolidate our 
current findings.

391
AUTOMATED VS. NON-AUTOMATED ANTIBIOTIC 
SUSCEPTIBILITY TESTING: A COMPARATIVE ANALYSIS OF 
METHODS FOR ASSESSING RESISTANCE IN SHIGELLA AND 
ESCHERICHIA COLI

Elizabeth Odundo1, Janet Ndonye1, Ronald Kirera1, Brett E. 
Swierczewski2, Christine Hulseberg1

1KEMRI/United States Army Medical Research Unit - Kenya/Walter Reed 
Project, Nairobi/Kericho, Kenya, 2Armed Forces Research Institute of 
Medical Sciences, Bangkok, Thailand

Substantial milestones have been achieved in automation of microbiology 
assays for identification and antimicrobial susceptibility testing of 
bacterial pathogens. However, non-automated methods are still widely 
utilized across the globe. Both automated and non-automated in vitro 
methods are available in Kenya to determine the minimum inhibitory 
concentrations (MIC) for multiple antibiotics against bacterial pathogens. 
A comparison study was performed using 60 common diarrheal clinical 
isolates of Shigella spp (30) and E. coli (30) on two representative 
methods: the Etest® (Biomérieux), a non-automated gradient diffusion 
test, and the Negative Breakpoint Combo 34 panel (NBPC 34) for the 
MicroScan (Siemens), a micro broth dilution-based automated platform. 
The resistance patterns for these isolates against five commonly used 
antibiotics in Kenya were interpreted according to the Clinical and 
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Laboratories Standards International (CLSI M07-09-2012) guideline. The 
resistance patterns measured by both MicroScan and Etest® were highest 
to Tetracycline (90%) and Trimethoprim/Sulphamethoxazole (> 80%) for 
both pathogenic E. coli and Shigella spp. Resistance patterns were much 
higher for E.coli for the following anibiotics by MicroScan and Etest® 
respectively: Ampicillin/Sulbactam: 60% and 50% and Ampicillin: 90% 
and 80% as compared to Shigella spp: Ampicillin/Sulbactam: 3% and 
33% and Ampicillin: 53% and 50%. Resistant patterns among E. coli 
pathotypes were similar while among Shigella spp, S. flexneri exhibited 
higher resistance than S. sonnei to three out of the five antibiotics tested. 
Ciprofloxacin, whose use in treatment for acute diarrhea is increasing in 
Kenya, was more than 100% effective against E. coli and 90% against 
Shigella spp. There was significant correlation of the results obtained 
between the two methods (p <0.01). Therefore, either of these methods 
can be used for reliable in vitro antimicrobial susceptibility testing for 
clinical or research purposes.
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IDENTIFICATION OF SALMONELLA ENTERICA SEROVAR 
PARATYPHI A ANTIGENS EXPRESSED DURING CHRONIC 
BILIARY PARATYPHOID CARRIAGE

Geoffrey Gonzalez-Escobedo1, Farhana Khanam2, Mohammad 
Murshid Alam2, Stephen Calderwood1, Stephen Baker3, Firdausi 
Qadri2, Edward T. Ryan1, Richelle Charles1

1Massachusetts General Hospital, Boston, MA, United States, 
2International Centre for Diarrhoeal Disease Research, Dhaka, Bangladesh, 
3Oxford University Clinical Research Unit, Ho Chi Minh City, Vietnam

Enteric fever, caused by Salmonella enterica serovar Typhi (S. Typhi) and 
serovar Paratyphi (S. Paratyphi) A, B, or C, is a life-threatening systemic 
disease, responsible for significant morbidity and mortality worldwide. A 
subset of individuals infected with enteric fever become asymptomatic 
chronic carriers, with the gallbladder and biliary ducts being primary sites 
of chronic colonization. Because S. Typhi and S. Paratyphi are human-
restricted pathogens, asymptomatic carriers can act as critical reservoirs for 
further spread of enteric fever. We have previously used in vivo-induced 
antigen technology (IVIAT) to identify potential bacterial biomarkers unique 
to S. Typhi chronic carriers. Here, we report a similar approach to identify 
bacterial antigens expressed in humans with S. Paratyphi A isolated from 
cholecystectomy specimens in Kathmandu, Nepal. In brief, we pooled 
sera from S. Paratyphi A carriers and adsorbed it against in vitro-grown 
Escherichia coli. We then used this sera to screen a genomic inducible 
expression library of S. Paratyphi A (500-1500 bp fragments) in E. coli 
BL21DE3. We identified 70 clones (representing 133 genes of interest) that 
were reactive with the sera from paratyphoid A carriers but not against 
sera from Bangladeshi healthy controls or patients convalescing from 
acute paratyphoid A infection. Thus far, we have subcloned 98 of the 133 
genes of interest, and identified 48 proteins with higher immunoreactivity 
in chronic paratyphoid A carriers compared to healthy individuals from a 
typhoid endemic area (Dhaka, Bangladesh). Many of the genes encode 
proteins involved in carbohydrate transport/metabolism and antimicrobial 
peptide resistance, whereas others encode uncharacterized proteins which 
may play an important role in surviving in the nutrient-limited biliary 
environment or in the formation of biofilms. Further assessment of these 
proteins may lead to the discovery of diagnostic biomarkers of S. Paratyphi 
A carriers, and may lead to improved understanding of the survival 
adaptations of Salmonella in biliary tissue.

393
CHARACTERIZATION BY PCR-RFLP OF STRAINS OF 
CAMPYLOBACTER JEJUNI IN CHILDREN FROM 0- 5 YEARS 
WITH DIARRHEA IN THE PERUVIAN AMAZON

Rosa Burga1, Cesar Banda2, Maribel Paredes2, Margaret Kosek3, 
Nathanael Reynolds1, Drake H. Tilley1, Mark P. Simons1

1U.S. Naval Medical Research Unit-6, Lima, Peru, 2Asociacion Benefica 
PRISMA, Iquitos, Peru, 3Department of International Health, Johns Hopkins 
Bloomberg School of Public Health., Baltimore, MD, United States

Campylobacter is one of the most common causes of bacterial 
gastroenteritis in children living in developing countries. To date, 18 
species of Campylobacter have been described, with C. jejuni being 
the most common cause of gastrointestinal infections in most settings. 
Molecular biology provides a wide variety of techniques for genotypic 
sub-typing of Campylobacter spp. The use of the polymerase chain 
reaction (PCR)-restriction fragment length polymorphisms (RFLP) technique 
allows for the higher resolution of pathogen identification to assist in 
source tracing and outbreak investigation. Application of the PCR-RFLP 
assay of Fla A gen was performed to determine the genetic diversity 
of Campylobacter spp. found circulating in the Amazonian jungle 
community of Santa Clara, Peru between 2002 to 2006 in stool samples 
of children from 0-5 years of age.Campylobacter-specific restriction 
fragment length polymorphisms (RFLP) were described in asymptomatic, 
dysenteric and non-dysenteric diarrhea stools. Specific RFLP patterns 
showed a high level of diversity among isolates and specific RFLP patterns 
were highly associated with the having clinical dysentery, as opposed to 
watery diarrhea or no diarrhea. The utility and feasibility of the realization 
of molecular techniques in this remote region at low cost demonstrates 
that this test to be incorporated in epidemiological studies to improve 
the understanding of disease transmission of Campylobacter in children 
under five in endemic areas.

394
ANTIBIOTIC RESISTANCE IN CAMPYLOBACTER AND 
SHIGELLA SPECIES ISOLATED FROM AMAZONIAN CHILDREN 
UNDER FIVE YEARS BETWEEN 2010-2014

Ricardo E. Abadie1, Claudio Rocha1, Rosa Burga1, Maribel 
Paredes2, Cesar Ramal3, Graciela Meza4, Nathanael D. Reynolds1, 
Mark P. Simons1, Margaret Kosek5
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PRISMA, Iquitos, Peru, 3Hospital Regional de Loreto, Iquitos, Peru, 
4Direccion Regional de Salud Loreto, Iquitos, Peru, 5Department of 
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Campylobacter and Shigella species are common cause of diarrhea in 
children from developing countries. Due to the emergence of antimicrobial 
resistance in these species, therapeutic options have dramatically reduced 
causing considerable morbidity and mortality in children from developing 
countries. In this study, we cultured 12,304 stool samples and analyzed 
the antibiotic resistance profiles of 875 Campylobacter and 218 Shigella 
species isolated between 2010-14 from children under five years old 
near the Peruvian Amazon city of Iquitos. Fecal samples were cultured on 
standard growth media plates for bacterial identification and antibiotic 
susceptibility determined on Campylobacter and Shigella isolates by disk 
diffusion. Of the Campylobacter isolates, C. jejuni was most prevalent 
(64%) followed by C. coli (34%), whereas S. flexneri was most prevalent 
(69%) Shigella spp. isolate followed by S. sonnei (20%), S. boydii (10%) 
and S. dysenteriae (1%). Of the Campylobacter isolates, 84% were 
resistant to trimethoprim/sulfamethoxazole, followed by ciprofloxacin 
(77%), nalidixic acid (67%), ampicillin (53%), tetracycline (50%) and 12% 
to azithromycin and erythromycin each. Of all tested Shigella species, the 
highest resistance rate was found against tetracycline (89.5%), followed 
by trimethoprim/sulfamethoxazole (86.2%), ampicillin (76%), erythromycin 



120

astmh.org

(72.5%). Only 5% of Shigella species were resistant to azithromycin, 
while 16.5% exhibited intermediate resistance profiles. Similarly, nalidixic 
acid resistance in Shigella was detected in 3% of the isolates and 11% 
showed intermediate resistance, with none of the isolates resistant to 
ciprofloxacin (0%) and only 0.9% demonstrating intermediate resistance. 
These high antibiotic resistance rates in Campylobacter and Shigella 
represent a serious public health concern for children living in the Amazon, 
especially in remote regions where trimethoprim/sulfamethoxazole remains 
the first line of therapy against dysentery. Based on these results, strategies 
for treatment of diarrheal diseases in this region should be adjusted to 
reflect emergence of resistance.

395
RECOMBINASE POLYMERASE AMPLIFICATION AS A 
DIAGNOSTIC FOR TOXIN PRODUCING CLOSTRIDIUM 
DIFFICILE IN POINT-OF-CARE SETTINGS

Hayley N. Sparks1, Diana M. Quilaguy2, Alex G. Peniche1, Kevin 
W. Garey3, Sara M. Dann1, Alejandro Castellanos-Gonzalez1

1University of Texas Medical Branch, Galveston, TX, United States, 
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Clostridium difficile Infection (CDI) has become a significant global 
health concern over recent years. With the emergence of highly virulent 
strains and continuing spread throughout the world, innovations in CDI 
detection and treatment are severely needed. The most accurate current 
methods for diagnosis are costly and use equipment not currently available 
in clinical labs worldwide. Recombinase Polymerase Amplification (RPA) 
is an isothermal method for DNA amplification. Unlike PCR, the reagents 
for RPA are thermostable and do not require expensive thermal cyclers 
for amplification; which allows the entire RPA reaction to be ran on 
the bench top at point-of-care facilities. The detection of the resulting 
amplicon can be made using the novel process of lateral flow analyses 
(LF). This detection method requires a very short amount of time and is 
graded using the naked eye, advancing the value of this method. The 
goal of this project is to utilize our RPA-Lateral Flow (RPA-LF) protocol to 
detect C. difficile in DNA samples and to further identify if the sample 
contained DNA coding for toxin A or B, a critical diagnostic determination. 
We accomplished this by designing specific primers for the toxin A and B 
genomes which were then paired with a specific genetic probe that allows 
for detection via the lateral flow strips. By the RPA-LF method, we have 
detected 10^3 toxin A producing bacteria and 10^4 toxin B producing 
bacteria. Further exploration has demonstrated the specificity of RPA when 
testing C. difficile samples alongside other enteric pathogens; C. difficile 
was positively identified while non-C. difficile samples were continuously 
negative. The RPA-LF protocol was successfully utilized to identify the 
presence of C. difficile in the stools of infected mice. RPA-LF is currently 
being tested against PCR results from human stool samples. If successful, 
this data will further strengthen the potential of RPA-LF as a future, vital 
point-of-care diagnostic. Induction of this protocol as an acceptable 
method for CDI detection would also aid in the advancement of a global 
monitoring system for the spread of C. difficile.
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REDUCTION IN DIARRHEAL RATES THROUGH 
INTERVENTIONS THAT PREVENT UNNECESSARY ANTIBIOTIC 
EXPOSURE EARLY IN LIFE
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Antibiotic treatment of common childhood illnesses, such as acute 
gastroenteritis and upper respiratory infections, is generally not indicated. 
Antibiotic exposure before 6 months of age has also recently been 
associated with increased rates of subsequent diarrhea. However, because 
the treatment of some illnesses with antibiotics is necessary, we cannot 
prevent all antibiotic exposures early in life. Here, we estimated the impact 
of realistic interventions that would prevent only unnecessary antibiotic 
exposures on childhood diarrheal rates. In data from a prospective 
observational cohort study conducted in Vellore, India, we used the 
parametric g-formula to model diarrheal incidence rate differences 
contrasting the observed incidence of diarrhea to the incidence expected 
under hypothetical interventions. The interventions prevented antibiotic 
treatments for non-bloody diarrhea, vomiting, and upper respiratory 
infections before 6 months of age. More than half of all antibiotic 
exposures before 6 months (58.9%) were likely unnecessary. The incidence 
rate difference associated with removing unnecessary antibiotic use 
before 6 months of age was -0.28 (95% confidence interval: -0.47, -0.11) 
episodes per 30 child-months. This implies that preventing unnecessary 
antibiotic exposures in just 4 children would reduce the incidence of 
diarrhea by one from 6 months to 3 years of age. When targeted only 
to children who had stopped exclusive breastfeeding, the impact of the 
interventions was smaller because many antibiotic exposures occurred 
during exclusive breastfeeding. These results suggest that a general 
intervention applied to all children before 6 months of age would be most 
effective. This work provides an example application of statistical methods 
which can further the aim of presenting epidemiologic findings that are 
relevant to public health practice. Interventions to reduce unnecessary 
antibiotic use among young children could result in an important reduction 
in diarrheal rates.
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A CONJUGATE VACCINE FOR CHOLERA CONTAINING THE 
O-SPECIFIC POLYSACCHARIDE (OSP) OF VIBRIO CHOLERAE 
O1 INABA AND A RECOMBINANT FRAGMENT OF TETANUS 
TOXIN HEAVY CHAIN (OSP:RTTHC) INDUCES SERUM, 
MEMORY AND LAMINA PROPRIAL RESPONSES AGAINST 
OSP, AND PROTECTION AGAINST WILD TYPE CHOLERA 
CHALLENGE IN MICE
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Vibrio cholerae is the cause of cholera, a severe watery diarrhea. 
Protection against cholera is serogroup specific. Serogroup specificity 
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is defined by the O-specific polysaccharide (OSP) component of 
lipopolysaccharide (LPS). Here we describe a conjugate vaccine for cholera 
prepared via squaric acid chemistry from the OSP of V. cholerae O1 Inaba 
strain PIC018 and a recombinant heavy chain fragment of tetanus toxin 
(OSP:rTTHc). Immunized mice developed prominent anti-OSP and anti-
TT serum IgG responses, as well as vibriocidal antibody and memory B 
cell responses following intramuscular or intradermal vaccination. Mice 
did not develop anti-squarate responses. Intestinal lamina proprial IgA 
responses targeting OSP occurred following intradermal vaccination. 
We assessed a range of vaccine doses based on the OSP content of the 
vaccine (10-50 µg), and vaccine compositions varying by molar loading 
ratio of OSP to rTTHc (3:1, 5:1, 10:1). In general, we found comparable 
immune responses in mice immunized with these variations, although 
memory B cell and vibriocidal responses were blunted in mice receiving 
the highest dose of vaccine (50 µg). We found no appreciable change 
in immune responses when the conjugate vaccine was administered in 
the presence or absence of immunoadjuvant alum. Administration of 
OSP:rTTHc resulted in 55% protective efficacy in a mouse survival cholera 
challenge model. Development of an effective cholera conjugate vaccine 
that induces high level and long-term immune responses against OSP 
would be beneficial, especially in young children who respond poorly to 
polysaccharide antigens.
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HIGHLIGHTING THE ESSENTIAL SECONDARY METABOLITES 
OF THREE OYSTER MUSHROOMS RESPONSIBLE FOR 
ANTIMICROBIAL ACTIVITIES AGAINST MULTIDRUG 
RESISTANT SHIGELLA SPP.

Debasmita Chatterjee1, Dipankar Halder1, Satadal Das2

1Jadavpur University, Kolkata, India, 2Peerless Hospital and B.K. Roy 
Research Centre, Kolkata, India

Growing resistance to available antibiotics is becoming a serious 
issue now and thus exploring all natural resources to find an effective 
antimicrobial agent is of paramount importance. Shigellosis, a highly 
prevalent diarrheal disease in developing countries is presently associated 
with multidrug resistance (85%) Shigella isolates having higher MIC 
values against commonly used antimicrobials, isolated from fresh stools 
and rectal swab samples of infected persons. Although antimicrobial 
activities of edible mushrooms are well known against common pathogens 
like Staphylococcus, E. coli etc. the antimicrobial activities of edible 
mushrooms against Shigella spp. is largely unknown. Thus the present 
study was aimed to evaluate the in-vitro antibacterial activities of 
ethanol and aqueous extracts (hot) of three oyster edible mushrooms 
namely Pleurotus ostreatus, Pleurotus eous and Pleurotus florida 
against Shigella flexneri type 4a, Shigella sonnei, Shigella boydii and 
multidrug resistant Shigella flexneri type 2a. Methodologies adopted 
were agar disc diffusion assay and minimum inhibitory concentration (MIC) 
assay along with phytochemical screening assay (PSA) was performed for 
the detection and estimation of specific antimicrobial components. All 
the ethanol based crude mushroom extracts showed inhibitory activities 
against all the Shigella spp. especially upon the multidrug resistant strain. 
Presence of essential secondary metabolites such as phenol, flavonoid, 
terpenoid, steroid and saponin were confirmed in the tested mushrooms. 
Significant difference (ANOVA, P value < 0.0001) in the phenol and 
flavonoid content of the mushrooms were correlated for their differences 
in antimicrobial activities. Therefore, this study revealed anti-shigellosis 
potency of edible mushrooms highlighting specific essential secondary 
metabolites of them which may be responsible for such activities.
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AGGREGATIVE ADHERENCE AND INTESTINAL 
COLONIZATION BY ENTEROAGGREGATIVE ESCHERICHIA 
COLI ARE PRODUCED BY INTERACTIONS AMONG MULTIPLE 
SURFACE FACTORS

Alexander Lafrance, Laura V. Blanton, Lawrence T. Wang, 
Joshua W. DuBow, Stephen Kwak, Levi J. Bowers, Jennifer Hwang, 
Iruka N. Okeke
Haverford College, Haverford, PA, United States

Enteroaggregative Escherichia coli (EAEC) are important diarrheal 
pathogens worldwide, and particularly in developing countries. EAEC 
are exceptional colonizers that are defined by the characteristic stacked-
brick pattern they produce on epithelial cells. This defining phenotype is 
convergent. Strains exhibiting it typically express one of several varieties 
of Aggregative Adherence Fimbriae (AAF). Research in our laboratory 
has revealed that a non-structural adhesin, the integral outer membrane 
Heat-Resistant Agglutinin 1 (Hra1), is sufficient to produce aggregative 
adherence and is encoded on many EAEC chromosomes. Hra1, like 
AAF, confers autoaggregation and biofilm formation in vitro. An hra1 
mutant of EAEC strain 042 adheres but is deficient in true stacked-brick 
formation and in vivo colonization but shows no defects in the in vitro 
phenotypes. We hypothesized that Hra1 is sterically masked by one or 
more other surface factors and unveiled only when required for host 
colonization. Physically or genetically removing fimbriae from EAEC 
strain 042 reveals that the AAF/II fimbriae do not mask Hra1. By contrast, 
deletion of the gene encoding a secreted antiaggregation protein (Aap) 
resulted in enhanced in vitro colonization-associated phenotypes and in 
vivo clumping in a Caenorhabditis elegans colonization model. Hyper-
autoaggregation by aap mutants was previously attributed to loss of 
Aap-AAF interactions. We demonstrate that enhanced autoaggregation 
and biofilm formation by aap mutants is unrelated to the presence of AAF/
II but is Hra1-dependent. The data suggest that Aap masks Hra1 in vitro 
and that the aggregative adherence phenotype is a complex one mediated 
by multiple surface factors.
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CARRIAGE OF NASAL STAPHYLOCOCCUS AUREUS AND 
RHINOVIRUSES AMONG HEALTHY INDIVIDUALS IN THREE 
RURAL AREAS OF GHANA

Michael Owusu, Ellis Owusu-Dabo, Augustina Annan, Yaw Adu-
Sarkodie
Kwame Nkrumah University of Science and Technology, Kumasi, Ghana

Colonisation of the nares with Staphylococcus aureus is known to be 
associated with skin and soft tissue infections. Data on its occurrence is 
however limited in many developing countries including Ghana. This study 
therefore sought to describe the burden of Staphylococcus aureus, risk 
factors for infection and co-colonisation with rhinoviruses. We conducted 
a cross-sectional study among healthy individuals in three rural areas of 
Ghana. Nasal swabs were collected from study participants and tested 
for the presence of methicillin resistant Staphylococcus aureus (MRSA), 
methicillin susceptible Staphylococcus aureus (MSSA) and coagulase 
negative staphylococci (CoNS) bacteria using conventional bacteriological 
techniques. Nasopharyngeal swabs were also collected and tested for the 
presence of rhinoviruses using Reverse Transcriptase Real-Time Polymerase 
Chain Reaction. Staphylococci bacteria were identified in 91 (25.4%; 
95% CI = 21% - 30.3%) out of the 358 study subjects enrolled. Of all 
bacteria isolated, 51 (56.0%) were MSSA, 32 (35.2%) were CoNS, 6 
(6.6%) were MRSA and 2 (2.2%) were methicillin resistant coagulase 
negative staphylococci (MR-CoNS). The overall prevalence of MSSA was 
14.2% (95% CI; 10.8% - 18.3%) and that of MRSA was 1.7% (95% CI; 
0.6% - 3.6%). Of the total 205 samples, 78 (38.0%; 95% CI = 31.4% - 
45.1%) tested positive for rhinoviruses. Nine (4%) were positive for both 
MSSA and rhinoviruses while one (1) was positive each for MRSA and MR-
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CoNS. There was no association between human rhinovirus detection and 
MSSA (p = 0.52) or MRSA colonisation. In conclusion, the present study 
has further corroborated other findings that MSSA and MRSA are still 
significant reservoirs of human nasopharynx in rural areas of Ghana. There 
is a need to look at the disease transmission dynamics and a further strong 
public health education on practices that reduce the transmission of these 
pathogens within communities.

401
IDENTIFICATION OF NEW ANTIGEN CANDIDATES OF 
BARTONELLA BACILLIFORMIS

Claudia Gomes1, Noemi Palma1, Carmen Tinco2, Isabel Sandoval3, 
Carlos Gutarra3, Juana del Valle2, Joaquim Ruiz1, Mayumi Kubota4, 
Health Center Tunal5, Health Center Los Ranchos5, Health 
Center Guayaquiles5, Health Center Mayland5, Health Center 
Huancabamba5

1Barcelona Institute for Global Health (ISGlobal), Barcelona, Spain, 
2Laboratorio de Biología Molecular y Celular. Centro de Investigación 
de la Facultad de Ciencias de la Salud. Universidad Peruana de Ciencias 
Aplicadas (UPC), Lima, Peru, 3Red de Salud de Morropon Chulucanas, 
Piura, Peru, 4National Institute of Infectious Diseases, Tokyo, Japan, 5Health 
Centers of Tunal, Los Ranchos, Guayaquiles, Mayland and Huancabamba, 
Piura, Peru

Bartonella bacilliformis is a fastidious Gram-negative bacterium 
associated with Carrion disease, a neglected illness endemic in Peru. In 
the acute phase of the disease, B. bacilliformis invades erythrocytes and 
mortality rates are 44-88% in absence of adequate treatment. A relevant 
problem is the lack of an effective diagnostic to overcome misdiagnosis 
and treat asymptomatic carriers (about 45% of people living in endemic 
areas). The objective of this study was to identify new B. bacilliformis 
antigenic candidates that could lead to a new diagnostic tool able to 
be implemented in rural areas. Serum samples from 177 people were 
collected in 5 different localities of northern Peru (in 4 of them an 
outbreak occurred few months earlier and the another one is an endemic 
region). Clinical data were recorded and ELISA for IgM / IgG with whole 
cell as antigen was done. After sonication, total bacteria were separated 
via gel electrophoresis and electrotransferred onto a PVDF membrane. 
Seroreactive antigens were detected by Western blot analysis with each 
serum both for IgG and IgM. The candidate proteins detected were cut 
out and N-terminal amino acid sequencing was performed. The presence 
of at least one symptom compatible with Carrion disease was reported 
by 34.5%. After Western blot analysis and taking into account the 
ELISA levels obtained, four proteins were considered potential antigenic 
candidates, two detected by IgM and two by IgG. The amino acid 
sequencing identified Pap31 and GroEl, already described in the literature 
but with no optimal results, and two new antigenic candidates (both 
subunits of the same protein). One has 30.1 kDa and was detected with 
IgM while another has 42.75 kDa and was detected with IgG. These new 
antigenic candidates are involved in the tricarboxylic acid cycle and one 
was recently described as being able to play a role in the invasion process 
and in the pathogenesis of other Bartonella spp. infection. The fact 
that these new antigens were identified with these sera highlights their 
possible usefulness in the development of a rapid diagnostic tool.

402
PRECLINICAL VALIDATION OF ANTI-BURULI ULCER PLANTS 
USED IN TRADITIONAL MEDICINE

Patrick V. Tsouh1, Abena A. Kissi-Twum1, Dorothy Yeboah-
Manu1, Regina Appiah-Opong1, Phyllis Addo1, Fabrice F. Boyom2, 
Alexander K. Nyarko1

1University of Ghana, Accra, Ghana, 2University of Yaounde 1, Yaounde, 
Cameroon

Buruli ulcer (BU) is the third most prevalent mycobacteriosis, after 
tuberculosis and leprosy. West Africa bears more than 90% of the 

disease burden and mainly in remote rural areas. The recommended drug 
combination Rifampicin-Streptomycin is not affordable for the majority 
of affected populations who thereby rely mainly on herbal remedies. The 
systematic investigation of ethnobotanical facts is a reasonable first step 
to unveiling more efficacious remedies as affordable and more readily 
accessible treatment for BU locally. In the aim of validating the use of 15 
traditional plant remedies used by the rural population for the treatment 
of BU, their biological activity and safety were assessed. The identification 
of the 15 plants used in traditional medicine to manage BU was achieved 
through a short survey based on ethnobotanical reports. Maceration 
of plants samples resulted in 18 hydroethanolic extracts. The activity of 
extracts against Mycobacterium ulcerans NM2O9 was tested using the 
Resazurin Microtiter Assay. The safety of promising extracts’ fractions was 
assayed on WRL68 human hepatocyte cell line by Resazurin reduction 
assay. Generally, the selected plants are locally used as decoction, infusion 
and maceration and are taken orally or applied on the ulcerated lesions. 
Six extracts from 5 plants demonstrated activity with Minimum inhibitory 
concentrations (MIC) between 16.12-31.25µg/mL. Mangifera indica 
root and leaf, Azadirachta indica stembark, Vernonia amygdalina leaf, 
Alchornea cordifolia leaf and Spathodea campanulata root showed 
the lowest MIC value of 16.12µg/mL, while that from Zanthoxylum 
zanthoxyloides root showed the highest MIC value of 31.25µg/mL. Apart 
from V. amygdalina extract with CC50 value of 10.27µg/mL, promising 
extracts were not cytotoxic (CC50≥40.9µg/mL) according to the American 
National Institute for Cancer criterion (CC50<30µg/mL). These results 
support the traditional use of the 5 promising plants in the treatment of 
BU. However, detailed studies are required to unveil the active ingredients 
in the lead extracts and elucidate their mechanisms of action for further 
anti-BU drug development.

403
‘A SOCIAL KILLER’: LEPROSY, STIGMA, AND THE HISTORY OF 
THE CONTROL OF A NEGLECTED DISEASE IN CAMEROON, 
1916-1974

Flavius M. Mokake
Ohio University, Athens, OH, United States

Just as disease eradication has social benefits, a highly stigmatized disease 
such as leprosy can lead to the social death of its sufferers as well as 
affect control measures. I assume that leprosy is both a ‘social epidemic’ 
and a ‘social killer,’ as the illness of an individual affects their immediate 
and whole community, and defines their personhood and social relations 
within their given social ecumenes. Studies have zoomed in on the degree 
of stigma that characterizes neglected tropical diseases (NTDs) such as 
leprosy. However, equal measure of attention has not been accorded the 
association of stigma and the control of NTDs from a historical perspective. 
This research aims to highlight the dynamic interrelationship between 
disease, medicine and society through history, building on the conjoined 
phenomena of tropical disease and tropical medicine. I argue that disease 
outbreaks and interventions can illuminate divisions within a society as 
they affect different groups of people differently. Using essentially primary 
data (archival and oral sources), it maps out the institutionalization and 
contours of stigma, marginality, and social change, and how those can be 
understood within the broader social, economic, and political forces that 
animated developments in Cameroon. The study also focuses on how the 
disease undermined the integrity of the body of leprosy patients, and how 
colonialism and political change transformed leprosy into a ‘stigmatized 
phenomenon’ in spite efforts to ‘destigmatized’ it in the various leprosy 
institutions in colonial and postcolonial Cameroon. Results from this study 
will inform us on the checkered history of global health and the control of 
NTDs, and how the problem of stigma has animated the cultural and social 
issues in the epicenters of leprosy in Cameroon violating racial, social, 
economic, and political boundaries.
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404
ANTIBACTERIAL PROPERTIES OF EXTRACTS FROM 
PSIDIUM GUAJAVA (L) AGAINST MULTIDRUG RESISTANT 
STAPHYLOCOCCUS AUREUS

Daniel Boamah1, Godfred F. Danso1, Beverly Egyir2, Slyvester 
Kaminta1, Salomey Acheampong1, Mark Addo Apenteng1, Alfred 
A. Appiah1, Dominic A. Edoh1

1Center for Plants Medicine Research, Mampong, Ghana, 2Noguchi 
Memorial Institute for Medical Research. University of Ghana, Legon, 
Accra, Ghana

Pathogenic Staphylococcus aureus causes infections such as septicemia, 
pneumonia and renal abscess. It produces extracellular enzymes and heat 
stable enterotoxins that can cause food poisoning. Multi-drug resistance 
(MDR) in S. aureus is a major public health concern and methicillin 
resistant S. aureus (MRSA) remains a global health threat. It is difficult 
to successfully treat infections caused by such resistant strains since 
treatment options are limited. Medicinal plants have played important 
roles in drug discovery resulting in successful treatment of many diseases. 
Psidium guajava (apple guava) has been traditionally used to treat various 
diseases including malaria, gastroenteritis, diarrhea, coughs and sore 
throat. The study investigated the antibacterial activities of P. guajava 
leaves extracts against MDR-SA isolates identified and characterized from 
5 major health facilities in Ghana. To ensure the viability of the 30 MDR-SA 
isolates, Mueller Hinton agar plates were spread with 50 μl of each isolate 
suspended in biological peptone followed by incubation at 37°C for 24 
h. The antibacterial activities of the aqueous, 70% and absolute ethanolic 
crude extracts against the MDR-SA were investigated by the agar-well 
diffusion in duplicates and mean zones of inhibition recorded. The extracts 
showed effective antibacterial activities and in some cases inhibitions 
zone of 16, 14.5, 13.5, 11.5 and 10.5 mm were recorded for 200, 100, 
50, 25, 12.5 mg/ml of the extract respectively. The 70% ethanolic extract 
appeared much more effective against the MDR-SA screened. The MIC 
value for each isolate was found to be considerably strong ranging from 
1.56 to 6.25 mg/ml while the ATCC-25923 isolate had 3.13 mg/ml for 
both the extract and ciprofloxacin. The P. guajava extracts obtained may 
have broader antibacterial activities than the isolates tested. It is expected 
that the active phytochemical will the identified to develop more effective 
anti-MDR-SA agent that could be helpful in better management of 
infections associated with multi-drug resistance S. aureus.

405
MOLECULAR DETECTION OF GENES CONFERRING 
ANTIBIOTIC RESISTANCE IN UROPATHOGENIC ESCHERICHIA 
COLI STRAINS (UPECS) ISOLATED IN MEXICO

Gloria Luz Paniagua-Contreras, Eric Monroy-Pérez, Arely Bautista-
Cerón, Miguel Angel Ramos-Puebla, Sergio Vaca
Universidad Nacional Autonoma de Mexico FES-Iztacala, Tlalnepantla, 
Mexico

The emergence of UPEC strains multiresistant to antibiotics is considered 
as a serious health concern. The aim of this work was to determine the 
frequency of genes conferring resistance to antibiotics commonly used in 
Mexico, and to other genes coding for extended spectrum betalactamases 
(ESBLs) in a total of 194 UPEC strains isolated from community-acquired 
urinary tract infection patients from Unidad Médica Familiar No. 64 
(Mexican Institute for Social Security of Tlalnepantla, Edo. de México, 
México). The Escherichia coli strains were identified by biochemical tests 
and by PCR amplification of 16S rRNA gene. Genes coding antibiotic 
resistance and betalactamases were identified by single and multiplex 
PCR. Percentages of antibiotic-resistance-conferring genes among UPEC 
strains were as follows: 30.9% (n=60) carried the sul1 gene (sulfonamide 
resistance); 33.5% (n=65) tetA (tetracycline resistance); 17% (n=33) 
tetB (tetracycline resistance); 12.3% (n=24) dfrA1(trimethoprim 
resistance); 11.8% (n=23) cat1 (chloramphenicol); 4.1% (n=8) cmlA 

(chloramphenicol); 2% (n=4) aadA1 (streptomycin) and 0% carried 
aac(3)-IV (gentamycin) or qnr (quinolone). Frequencies ESBLs genes 
among UPEC strains were: blaTEM 26.3% (n=51); 13.9% (n=27) blaSHV; 
23.1% (n=45) blaOXA-1 Like, 22.6% (n=44) blaCTX-M phylogenetic group 1; 
0% blaCTX-M phylogenetic group 2; and 3% (n=6) blaCTX-M phylogenetic 
group 9. Finally, 8.7% (n=17) of the strains carried the blaOXA-48 gene 
coding for carbapenem-resistant betalactamase. These results shows that 
antibiotic resistance is common among UPEC strains, and notably high to 
sulfonamide, tetracycline and to cephalosporins. These data may be useful 
to document that patterns of antibiotic resistance in UPECs vary with 
patient population and geographic region. 

406
RODENT RESERVOIRS AND ENVIRONMENTAL SOURCES OF 
LEPTOSPIRA ALONG THE TRANS-OCEANIC HIGHWAY IN THE 
SOUTHERN AMAZON BASIN OF PERU

Valerie Cortez, Enrique Canal, J. Catherine Dupont-Turkowsky, 
Tatiana Quevedo, Gabriela Salmon-Mulanovich, M. Claudia 
Guezala Villavicencio, Mark Simons, Daniel G. Bausch
U.S. Naval Medical Research Unit - 6, Lima, Peru

Rodents are the reservoir for numerous zoonotic pathogens, including 
Leptospira, which are shed in the urine of infected animals. Transmission 
occurs by direct animal contact or through exposure to contaminated 
environmental sources such as stagnant water, exacerbated by flooding 
during rainy seasons. Deforestation, agricultural expansion, and human 
settlements can perturb rodent habitats, potentially increasing contact 
with humans and transmission of Leptospira. Such perturbations have 
resulted from the construction of the trans-oceanic highway though the 
Madre de Dios Region in the southern Peruvian Amazon, increasing the 
potential for zoonotic infections among residents in newly established 
communities along the highway. We set out to determine the prevalence 
of Leptospira in rodent populations and in the environment along the 
highway in Madre de Dios. Urine and tissue samples from captured wild 
rodents, surface water samples, and soil were collected from 6 different 
locations in 4 communities along the highway, each with varying levels 
of habitat perturbation, during both dry and rainy seasons. Pathogenic 
Leptospira were detected by amplification of the lipL32 gene by PCR. 
During the dry season, 21 environmental samples were collected from 
non-disturbed areas (3), border areas (7), disturbed areas (4), and from 
locations within the communities (7). Thirty-eight samples were collected 
during the rainy season, including non-disturbed areas (8), border areas 
(12), disturbed areas (6), and from locations within the communities 
(12). To date, 2/21 (9.5%) environmental samples from the dry season 
and 8/38 (21%) samples from the rainy season were PCR positive. 
Testing is underway on 136 rodent kidney and urine samples, as well as 
phylogenetic analysis of the 16S rRNA gene sequence to characterize the 
Leptospira species diversity in both rodent and environment samples. 
Our data are consistent with a higher prevalence of Leptospira in the 
environment during the rainy season and provides valuable data on the 
species circulating in the southern Amazon Basin. 

407
INJECTIONAL ANTHRAX: AN EMERGING GLOBAL PUBLIC 
HEALTH THREAT

Joseph R. Miller, Shawn V. Patrick
Armstrong State University, Savannah, GA, United States

Anthrax (caused by Bacillus anthracis) traditionally has been identified 
through three routes of exposure: cutaneous, gastrointestinal or 
inhalation. With the numbers of individuals using illicit drugs steadily rising 
since the turn of the 21st century, particularly in Europe where intravenous 
drug use is 4.6 times the global average, a new form of infection 
has cropped up.  Coined injectional anthrax, contaminated heroin is 
administered into the individual whom proceeds to suffer from severe soft 
tissue infection, symptoms similar to cutaneous exposure, septic shock, 
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and death. The goal of this presentation is to examine existing data on 
injectional anthrax and to provide a detailed synopsis over the last fifteen 
years for physicians and government officials. Clearly, injectional anthrax 
represents an emerging infectious disease of public health importance.

408
RECOMBINANT TETANUS TOXIN FRAGMENT C DIPSTICK: A 
RAPID, COST-EFFECTIVE ASSAY FOR MEASURING VACCINE 
EFFICACY

Marcia Wright1, Girija Ramakrishnan2, Joyce Sink1, Masud 
Alam3, Mamun Kabir3, Karl Pedersen1, Carol A. Gilchrist2, Rashidul 
Haque3, William A. Petri, Jr.2, Joel Herbein1

1TechLab, Inc., Blacksburg, VA, United States, 2University of Virginia, 
Charlottesville, VA, United States, 3International Centre for Diarrhoeal 
Disease Research, Bangladesh, Dhaka, Bangladesh

Tetanus vaccination efforts in developing countries require population-level 
monitoring to assess post-vaccination protective immunity. Tetanus toxin-
based ELISAs are commonly used, but require venous whole blood, time, 
laboratory equipment, and training. Expression and purification of native 
tetanus toxin is a complex, inconsistent process, leading to added cost and 
variable performance with clinical specimens. We describe development 
of a single-use immunochromatographic test (“dipstick”) for the rapid 
evaluation of protective immunity to tetanus toxin. The assay uses purified 
recombinant tetanus toxin Fragment C (rFragC) as a surrogate marker 
for native tetanus toxin. rFragC production yields >50mg/L of culture 
with >99% purity by Coomassie staining of SDS-PAGE gel fraction. 
The dipstick was compared to a commercial ELISA (“TBS,” The Binding 
Site) using human 1) plasma from a vaccine-defined cohort in Dhaka, 
Bangladesh (ICDDR,B), 2) plasma from freshly collected US panels of 
random volunteers (Bioreclamation IVT), and 3) whole blood from freshly 
collected US panels of random volunteers (Bioreclamation IVT). Dipsticks 
were read visually using a scoring card and quantitatively using the ESE 
Quant lateral flow reader (Qiagen). TBS ELISA values ≥0.1 IU/mL were 
considered positive for a protective anti-tetanus toxin titer, while TBS ELISA 
values <0.1 IU/mL were considered negative. Plasma dipsticks from the 
Bengali panel (n=40, 38 positive, 2 negative on TBS ELISA) had a clinical 
correlation of 100%, and quantitative comparison yielded a bivariate fit 
line with R2=0.51, p<0.001. Plasma dipsticks from the US panel (n=158, 
all positive on TBS ELISA) had a clinical correlation of 99%; bivariate fit line 
with R2=0.64, p<0.001. Whole blood dipsticks from the US panel (n=18, 
all positive on TBS ELISA) had a clinical correlation of 100%; bivariate 
fit line with R2=0.23, p=0.04. A future goal is to include more tetanus 
antibody-negative samples. The rFragC dipstick offers a simple, sensitive, 
inexpensive alternative to ELISAs for detecting tetanus antibody in plasma 
and whole blood at the point-of-care during vaccination programs.

409
USEFULNESS OF MODIFIED SIMPLIFIED CHINESE INK 
TECHNIQUE FOR DETECTION (VISUALIZATION) OF THE 
CAPSULE OF BACTERIA, FUNGI AND PARASITES

Rito Zerpa1, Vilma Bejar1, Jorge O. Alarcon1, Roberto Rojas2

1Instituto de Medicina Tropical “DA Carrion”, UNMSM, Lima, Peru, 
2Universidad Nacional Mayor de San Marcos, Lima, Peru

There are few reports on a technique to visualize the capsule of bacteria, 
fungi and parasites. Here we present a technique to visualize the capsule 
of bacteria: Bacillus anthracis, pneumococcus; fungi: Cryptococcus; 
and parasites: Blastocystis in clinical specimens and cultures. We worked 
with clinical specimens and cultures of the collection of the microbiology 
department of the National Institute of Child Health, strains of Bacillus 
anthracis collection as well as Cryptococcus neoformans; fecal 
culture and Blastocystis spp. samples. To display the capsule, we used 
the Modified simplified Chinese ink technique, and recorded images in 
photomicrographs. Direct examination with this technique shows the 
capsule of those microorganisms, some with intracellular colors and details 

Cryptococcvus neoformans and Bacillus anthracis, also in Blastocystis 
spp. Consequently, the modified simplified Chinese ink technique allows 
visualizing the capsule of bacteria, fungi and parasites, which is useful for 
laboratory diagnosis, teaching and research.

410
PREVALENCE OF NEONATAL TETANUS IN NORTHEASTERN 
NIGERIA

Jalal-Eddeen A. Saleh
Walden University, Minneapolis, MN, United States

Although efforts have been made towards improving the health of 
children across the globe with notable results, neonatal tetanus (NNT) 
remains a major contributor to the neonatal death rates in Nigeria. This 
problem calls for a concerted effort by the government to achieve the 
revised global NNT elimination deadline of 2015. The purpose of this 
cross-sectional quantitative study using secondary data was to establish 
the prevalence of NNT in Nigeria's northeast region and to ascertain 
if there was any significant difference in frequency of antenatal care 
(ANC), trained traditional birth attendants (TBAs), and umbilical cord 
treatments, using single sample proportions test and chi-squared tests of 
independence. The framework for this research was the theory of planned 
behavior. The participants (N = 312) were mothers of NNT babies. In spite 
a continual decline in the NNT cases between 2010 (26%) and 2013 (9%), 
the prevalence rate of NNT was unacceptably high at 28.815%. Also, 
significant differences existed as mothers who gave birth to NNT babies 
received significantly fewer or no ANC (p < 0.001), received significantly 
fewer or no attention from TBAs (p < 0.001), and reported significantly 
fewer incidences of proper umbilical cord treatments (p < 0.001). The 
chi-squared tests of independence resulted in significant differences in the 
frequencies of mothers who received ANC between Nigerian provinces 
(p < 0.001) and mothers who had their baby's umbilical cord treated (p 
= 0.005). This study will contribute to social change by guiding health 
care policy makers and immunization program managers on maternal 
and newborn health care services and indicate ways to build capacity of 
the TBAs for safe home delivery/hygienic handling of umbilical cord of 
newborns.

411
GROUP B STREPTOCOCCUS IN THE GAMBIA - TWENTY 
YEARS ON

Kirsty Le Doare1, Sheikh Jarju1, Martin Antonio1, Paul Heath2, 
Beate Kampmann1

1MRC Unit, The Gambia, Fajara, Gambia, 2St. George’s University of 
London, London, United Kingdom

A report from 20 years ago indicated that GBS genital colonization in 
Gambian mothers was reportedly predominantly due to serotype-V. 
However, tThe trivalent capsular polysaccharide conjugate vaccine 
currently in phase III trials includes only serotypes Ia, Ib and III. Here We 
therefore aimed towe define the current epidemiology of GBS in Gambian 
mothers and babies. Rectovaginal swabs from Gambian mothers and 
nasopharyngeal and rectal swabs from their infants were collected in a 
prospective cohort study. Swabs were pre-cultured in Todd Hewitt Broth 
(THB), followed by culture on selective agar. Culture nNegative samples 
were analysed for the presence of DNA via real-time PCR. Positive isolates 
were serotyped using Conventional multiplex PCR and gel-agarose 
electrophoresis. 750 women/infant pairs were recruited to the study. 270 
women (36%) were found to be GBS-colonized (260 by culture alone, 
10 by culture and PCR). 134 infants were colonized (25%) at birth and 
all but one remained colonized at six days. By three months, 44 infants 
remained colonized (6%) and 12 infants were newly colonized (2%). 
The predominant serotypes were: serotypes V (40%), II (28%), Ib (20%), 
Ia (10%) and III (2%). 12 colonized infants were treated for presumed 
neonatal sepsis and 4 for presumed meningitis. Blood cultures were 
positive for GBS (serotype-V) in one case, equivalent to 1.4/1000 live-
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births. In conclusion, the serotype distribution among colonizing GBS 
strains in the Gambia remains unchanged over the last twenty years with 
serotype V predominating. Knowledge of the current serotype prevalence 
in regions such as the Gambia is vital to ensure vaccine development 
matches regional requirements to maximize its impact in these settings.

412
PHYLOGENETIC VARIANTS OF RICKETTSIA AFRICAE, AND 
INCIDENTAL IDENTIFICATION OF “CANDIDATUS RICKETTSIA 
MOYALENSIS”

Gathii Kimita1, Beth M. Kinya1, Steven G. Nyanjom2, Fred A. 
Wamunyokoli2, John N. Waitumbi1
1KEMRI/Walter Reed Project, Kisumu, Kisumu, Kenya, 2Jomo Kenyatta 
University of Agriculture and Technology, Nairobi, Kenya

Rickettsia africae, the etiological agent of African tick bite fever is widely 
distributed in sub-Saharan Africa. Contrary to reports of its homogeneity, 
a localized study in Kenya reported high genetic diversity. In the present 
study, gene concatenation phylogeny of gltA, ompA, ompB, 17kDa and 
sca4 genes was used to re-analyse R. africae samples from diverse regions 
of Kenya that had been collected in a previously reported study. The 
bona fide R. africae isolates formed two distinct clades. Clade I isolates 
(98%) branched with the validated R. africae str ESF-5, while clade 
II (two isolates) formed a distinct sublineage of clade 1. Some isolates 
were determined to be R. aeschlimanii and not R. africae. One isolate 
turned out to be a novel rickettsiae and an interim name of “Candidatus 
Rickettsia Moyalensis” is proposed. In conclusion, this data supports the 
use of multilocus gene concatenation as opposed to individual gene trees 
for phylogenetic inferences. It is determined that, though only recently 
emerged, R. africae lineage is diverse.

413
ANALYSIS OF NEONATAL SEPSIS IN KUMASI, GHANA 
THROUGH PAPER-BASED MEDICAL RECORDS

Jessica Sexton, Evans Afriyie-Gyawu, Isaac Chun-Hai Fung, 
Zachary McGalliard, Daniel Linder
Georgia Southern University, Statesboro, GA, United States

Reducing infant mortality is Millennium Development Goal 4 in Ghana, 
though it has remained high and unchanged. Improving care and reducing 
health complications related to infections and respiratory distress has 
shown to decrease the prevalence of neonatal deaths and preterm 
births. The objective of this study is to present data originating from 
an electronic medical records (EMR) pilot project and communicate the 
results of an analysis of neonatal sepsis using health information from 
paper-based medical records to identify characteristics of the neonatal 
patients at the Komfo Anokye Teaching Hospital in Kumasi, Ghana. 
Medical records from the Mother Baby Ward (n=198) from 2009-2014 
were processed using scanners connected to laptop computers. Health 
information was manually extracted and verified by two researchers for 
quality assurance purposes and included sepsis, respiratory distress, cough, 
difficulty feeding, lethargy, seizures, jaundice, birth history, birth maturity 
and birth location. Regression analysis revealed a significant association 
between sepsis and birth location (p=0.0180, 95% CI) as well as sepsis 
and jaundice (p=0.0446, 95% CI). A descriptive profile of the population 
revealed that 63.6% of infants comprised of 97 males and 101 females 
were differentially diagnosed as having sepsis. There were 21 (10%) 
twins observed. Of the 198 cases included in the analysis, there were 
127 (64%) full-term births, 105 (53%) cases reporting respiratory distress 
and 93 (46%) reporting jaundice. The process of manually scanning and 
converting paper-based medical records to later use for manual data 
extraction provides a safe and secure way to evaluate health information 
related to infant and neonate health.

414
GROUP B STREPTOCOCCUS COLONIZATION AMONG 
PREGNANT WOMEN IN LUBUMBASHI, DRC, 2015

Karen D. Cowgill1, Abel M. Ntambue2, Eric Kasamba2, Henri 
Mundongo2, Malonga Kaj2
1Seattle University, Seattle, WA, United States, 2Universite de Lubumbashi, 
Lubumbashi, Democratic Republic of the Congo

Globally, invasive bacterial infections account for nearly a quarter of 
neonatal mortality. In the US, group B streptococcus (GBS) is the leading 
cause of early-onset neonatal sepsis, even after the introduction of routine 
prenatal screening and intrapartum antibiotic prophylaxis to prevent 
transmission from colonized women to their infants. GBS colonization is 
also associated with risk of preterm or stillbirth, and the risk and severity 
of invasive GBS disease are higher in infants born before term. In sub-
Saharan Africa, there are few estimates of perinatal GBS colonization 
or disease, and none at all from the Democratic Republic of the Congo 
(DRC). As a first step to assessing the contribution of GBS to DRC’s high 
neonatal mortality rate, we will conduct a cross-sectional study of GBS 
colonization in pregnant women attending antenatal care in Lubumbashi, 
Upper Katanga Province, DRC. We will report the prevalence of GBS 
colonization in these women, the antimicrobial susceptibility of isolates, 
and the feasibility of intrapartum antibiotic prophylaxis administration in 
the setting of a referral hospital. We believe these results will be important 
to estimate the role of GBS in perinatal mortality in the DRC, the potential 
impact of a maternal vaccine, and the feasibility of studies to evaluate 
non-antibiotic prophylaxis measures that might be introduced while 
awaiting vaccine development, approval, and introduction.

415
THE EMERGENCE OF ESBL SALMONELLA TYPHIMURIUM 
EXPRESSING BLA CTX-M-15 IN MOZAMBIQUE

Michael Preziosi1, Inacio Mandomando2, Tomas Zimba3, Wei-Wei 
Chiu1, David Looney1, Donald G. Guiney1, Joel O. Wertheim1

1University of California, San Diego, La Jolla, CA, United States, 2Manhica 
Health Research Center, Manhica, Mozambique, 3Ministry of Health, 
Maputo, Mozambique

We observed several cases of bacteremia due to Extended Spectrum 
Beta-Lactamase producing (ESBL) Salmonella typhimurium at an Urban 
Mozambican hospital. We sought to identify antibiotic resistance genes 
in these strains, and phylogenetically characterize them in the context of 
other African and non-African strains, including ST313 S. typhimurium, 
the dominant lineage causing epidemic invasive disease in sub-Saharan 
Africa.  S. typhimurium strains were isolated from the blood of adults 
on the wards of Maputo Central Hospital in Maputo, Mozambique 
between 2011 and 2013. Older isolates were obtained from the blood 
of subjects in a cohort of HIV+ adults in Entebbe, Uganda from 1995-
97. All subjects were HIV+ with a mean CD4 count of 150 cells/ml. 
Isolates typed as S. typhimurium using the Kaufman-White scheme, and 
confirmed with PCR. Antibiotic susceptibility was tested with the Kirby-
Bauer disc diffusion method and confirmed with the automated Vitek 2 
system. ESBL phenotype was confirmed with the double-disc diffusion 
method.  Whole genome sequencing was done with the Ion Torrent PGM 
system. Genomes were assembled using D23580 S. typhimurium and 
virulence plasmid pSLT-BT as references, both of which are representative 
of epidemic invasive ST313 strains from sub-Saharan Africa. Chromosome 
and plasmid phylogenies were created based on variable sites. ESBL genes 
were identified with PCR and then sequenced. The phylogeny indicates 
that the Mozambique strains collected in 2011-2013 are descendants 
of Ugandan strains from 1995-1997. Non ESBL Mozambican strains are 
genetically similar to invasive epidemic strain D23580 (all separated by 
<0.02 substitutions/variable site; 100% bootstrap support), whereas 
the Mozambican ESBL isolates represent a distinct and a comparatively 
long branch of the tree (0.8 substitutions/variable site, 100% bootstrap 
support). All strains contain highly similar virulence plasmids with identical 
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Tn21- like elements containing antibiotic resistance genes, characteristic of 
epidemic lineage ST313. All ESBL strains contained identical blaCTX-M-15 
genes found on nearly identical 300 kb plasmids.

416
EPIDEMIOLOGY AND ANTIMICROBIAL RESISTANCE OF 
INVASIVE SALMONELLOSIS, RURAL THAILAND, 2006-2014

David W. McCormick1, Anchalee Jatapai2, Possawat Jokrate2, 
Ornuma Sangwichian2, Sirirat Makprasert2, Saithip Bhengsri2, 
Sathapana Naorat2, Thantapat Akarachotpong2, Christopher 
Gregory2, Toni Whistler2, Julia Rhodes2

1Centers for Disease Control and Prevention-Hubert Global Health 
Fellowship, Atlanta, GA, United States, 2Global Disease Detection Regional 
Center, Thailand Ministry of Public Health-US Centers for Disease Control 
and Prevention Collaboration, Nonthaburi, Thailand

Invasive salmonellosis commonly causes bloodstream infection in 
Southeast Asia. Limited epidemiologic and antimicrobial resistance data 
are available. We captured blood cultures performed in all 20 hospitals in 
Nakhon Phanom (NP) and Sa Kaeo (SK) provinces in a surveillance system. 
Cultures were performed as clinically indicated in hospitalized patients; 
patients with multiple cultures had only the first included. Salmonella 
isolates were identified at the serogroup level using serological testing. 
Antimicrobial resistance was assessed by disk diffusion and interpreted 
using 2015 CLSI guidelines. 522 invasive salmonellosis cases were 
identified (214 in NP and 308 in SK); 12% were ≤5 years old and 18% 
were ≥65 years old. Salmonella was the 5th most common pathogen 
(522/144,271 cultures). Overall incidence increased from 3.9/100,000 
person-years in 2006 to 7.7 in 2008; from 2009-2014 the annual 
incidence ranged from 3.5-6.4. From 2006-2010, mean incidence was 
higher in SK than NP (4.3/100,000 vs. 7.7 p = 0.01). Overall, the most 
common serogroups were Group C (42%), Group D (35%), and Group B 
(9.8%). Group D was the most common serogroup in NP (44%), followed 
by C (18%). In SK, Group C was the most common (59%), followed by D 
(28%) and B (7%). Groups E and A were uncommon in both provinces. 
Serogroups were not identified for 21% of isolates in NP and 5% in SK. 
Antibiotic resistance was 67% (326/490) for ampicillin, 18% (89/499) for 
trimethoprim-sulfamethoxazole (TMP-SMX), 16% (79/504) for cefotaxime, 
and 2% (9/468) for ciprofloxacin. 56% had intermediate ciprofloxacin 
resistance. Group C had the highest proportion of isolates resistant to 
ampicillin (92%, n = 194), cefotaxime (37%, n = 79), and TMP-SMX 
(37%, n = 78). Group D had the highest proportion of isolates with 
intermediate resistance to ciprofloxacin (65%, n = 109). There were no 
temporal trends in antibiotic resistance. Bloodstream Salmonella infection 
in rural Thailand is commonly resistant to ampicillin, cefotaxime, and 
TMP-SMX. Intermediate resistance to ciprofloxacin is common. Serogroup 
distribution and antibiotic resistance may differ throughout Thailand and 
the region.

417
SEROLOGIC EVIDENCE FOR THE GEOGRAPHIC DISTRIBUTION 
OF BACTERIAL ZOONOTIC AGENTS IN KENYA

Victor O. Omballa1, Raymond N. Musyoka1, Kabura B. 
Wamburu1, Cyrus M. Wachira1, Lilian W. Waiboci2, Mamo 
U. Abudo3, Bonventure W. Juma1, Andrea A. Kim1, Joel M. 
Montgomery1, Robert F. Breiman4, Barry S. Fields1

1Centers for Disease Control and Prevention-Kenya, Nairobi, Kenya, 
2University of Nairobi-Kenya, Nairobi, Kenya, 3Kenya Ministry of Health-
Kenya, Nairobi, Kenya, 4Emory University, Atlanta, GA, United States

Diseases of zoonotic origin substantially contribute to the high burden of 
febrile illnesses in developing countries. We evaluated serologic evidence 
of previous exposure to Bacillus anthracis, Brucella spp., spotted fever 
group rickettsioses (SFGR) and typhus group rickettsioses (TGR) from 
HIV-negative samples of persons aged 15-64 years collected during a 
nationwide HIV serosurvey conducted in 2007 in Kenya. The national 

adjusted seroprevalence by pathogen was: Bacillus anthracis, 11.3% 
(141/1091); Brucella spp, 3.0% (27/968); SFGR, 23.3% (191/770); and 
TGR, 0.6 % (12/770). On bivariate analysis, positive titers to B. anthracis 
were only significantly associated with province of residence while sex, 
education level and wealth were significantly associated with positive titers 
to Brucella spp. Significant associations for SFGR seroprevalence included 
age, education level, wealth and province of residence while TGR was only 
significantly associated with province of residence. Wealth and province 
remained significantly associated with positive titers to B. anthracis on 
multivariate analysis while sex and age remained significant for Brucella 
spp. Significant associations for SFGR seroprevalence were sex, education 
level and province of residence on multivariate analysis while TGR had 
no significance. High IgG sero-prevalence to some of these zoonotic 
pathogens suggests that a large proportion of individuals have previous 
exposure, symptomatic or inapparent. Given that a substantial proportion 
of exposures to these pathogens result in illness, these pathogens should 
be considered in the differential diagnosis of febrile illness in Kenya.

418
ASSESSING THE RISING CASES OF METHICILLIN-RESISTANT 
STAPHYLOCOCCUS AUREUS: HOSPITAL AND COMMUNITY-
ASSOCIATED CASES

Chinedu Onyedikachukwu Oraka
Build Africa Research Capacity, Nnamdi Azikiwe University Teaching 
Hospital, Nnewi, Anambra, Nigeria

Methicillin-resistant Staphylococcus aureus (MRSA) has since become 
a major cause of illness and death in our healthcare setting. Risk factors 
for HA-MRSA include hospitalization, older age, invasive devices, and 
residence in long-term care facility, including exposure to antimicrobial 
agents. HA-MRSA isolates are often resistant to several antimicrobial 
drug classes in addition to beta-lactams. The CA-MRSA infections usually 
affects young, healthy persons and associated with sharing towels or 
athletic equipment, participating in contact sports, living in unsanitary and 
crowded areas, using illegal intravenous drugs. Directions were given out 
for clinical microbiology laboratories to submit invasive isolates of MRSA 
to our unit, where we perform antimicrobial drug susceptibility tests on 
all isolates and characterize all isolates that were resistant to <3 non-beta-
lactam antimicrobial drug classes. Most isolates were obtained from blood 
cultures. The full model for predicting invasive infection with CA-MRSA 
compared with HA-MRSA included age, seasonality, and hospital exposure, 
plus specimen type. The only significant predictors of CA-MRSA infection 
compared with HA-MRSA were age <69 years, which was associated with 
increased risk ([OR] 5.1, 95% [CI] 2.06-12.64), and hospital exposure 
(OR 0.07, 95% CI 0.01-0.51), which was associated with decreased risk. 
Most patients were hospitalized for their infections and the proportion of 
patients admitted to intensive care units did not vary by strain. Patients 
infected by MRSA were younger than those infected by other strains. The 
number of invasive MRSA infections reported and the number of invasive 
infections caused by CA-MRSA is on the increase. The increase of CA-
MRSA poses a unique public health threat. It is now clear that CA-MRSA 
no longer causes only SSTIs but now causes an increased proportion of 
invasive infections in a rural state.

419
MAPPING BACTERIAL BLOODSTREAM INFECTIONS: A 
METAGENOMICS APPROACH

Saskia Decuypere1, Conor Meehan2, Jan Jacobs2, Jessica Maltha2, 
Jonathan Carapetis1, Lompo Palpouguini3, Halidou Tinto3, Stijn 
Deborggraeve2

1Telethon Kids Institute, Perth, Australia, 2Institute of Tropical Medicine, 
Antwerp, Belgium, 3Clinical Research Unit of Nanoro, Nanoro, Burkina 
Faso

Deep sequencing of the 16S rRNA gene has been widely used to profile 
environmental bacterial communities. Albeit extremely powerful, the 
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applicability of this technology has not been demonstrated yet for the 
characterization and diagnosis of bacterial sepsis. In this study we have 
developed and evaluated a 16S metagenomics approach to profile the 
bacterial diversity in the blood of febrile patients. Seventy-five children 
(median age 15 months) with severe febrile illness were recruited at 
St. Camille District Hospital in Nanoro, Burkina Faso, between January 
and April 2013. A laboratory diagnosis could be obtained on site for 12 
bacterial sepsis cases with positive blood culture, and 41 malaria cases 
with positive thick blood films or positive malaria rapid diagnostic tests. A 
variable volume of whole blood was available for all patients (200 - 1000 
µl) and was used for DNA extraction and subsequent amplification of the 
V3-V4 regions of the bacterial 16S rRNA genes. The resulting PCR products 
were deep sequenced on the Illumina MiSeq platform. Reads were curated 
using the mothur pipeline and taxonomy assigned using both homology 
and phylogenetic placement approaches. Bio-informatic pipeline validation 
and data analysis is currently ongoing. We will present the design of 
the metagenomics assay and the bacterial diversity identified in the 
bloodstream of the study participants.

420
BLOODSTREAM BACTERIAL INFECTION AMONG OUTPATIENT 
CHILDREN WITH ACUTE FEBRILE ILLNESS IN NORTHEASTERN 
TANZANIA

Coline Mahende1, Billy Ngasala1, John Lusingu2, Zul Premji1
1Muhimbili University of Health and Allied Sciences, Dar es Salaam, United 
Republic of Tanzania, 2National Institute for Medical Research, Tanga, 
United Republic of Tanzania

Fever is a common clinical symptom in children attending hospital 
outpatient clinics in rural Tanzania, yet there is still a paucity of data on 
the burden of bloodstream bacterial infection among these patients. 
The present study was conducted at Korogwe District Hospital in north-
eastern Tanzania. Patients aged between 2 and 59 months with a 
history of fever or measured axillary temperature ≥ 37.5°C attending 
the outpatient clinic were screened for enrolment into the study. Blood 
culturing was performed using the BACTEC 9050® system. A biochemical 
analytical profile index and serological tests were used for identification 
and confirmation of bacterial isolates. In-vitro antimicrobial susceptibility 
testing was performed using the Kirby-Bauer disc diffusion method. The 
identification of Plasmodium falciparum malaria was performed by 
microscopy with Giemsa stained blood films. A total of 808 blood cultures 
were collected between January and October 2013. Bacterial growth 
was observed in 62/808 (7.7%) of the cultured samples. Pathogenic 
bacteria were identified in 26/808 (3.2%) cultures and the remaining 
36/62 (58.1%) were classified as contaminants. Salmonella typhi was the 
predominant bacterial isolate detected in 17/26 (65.4%) patients of which 
16/17 (94.1%) were from patients above 12 months of age. Streptococcus 
pneumoniae was the second leading bacterial isolate detected in 4/26 
(15.4%) patients. A high proportion of Salmonella typhi 11/17 (64.7%) 
was isolated during the rainy season. Salmonella typhi isolates were 
susceptible to ciprofloxacin (n = 17/17, 100%) and ceftriaxone (n = 
13/17, 76.5%) but resistant to chloramphenicol (n = 15/17, 88.2%). 
Plasmodium falciparum malaria was identified in 69/808 (8.5%) 
patients, none of whom had bacterial infection. Bloodstream bacterial 
infection was not found to be a common cause of fever in outpatient 
children; and Salmonella typhi was the predominant isolate. This study 
highlights the need for rational use of antimicrobial prescription in febrile 
paediatric outpatients presenting at healthcare facilities in rural Tanzania.

421
COXIELLA BURNETII ANTIBODIES ARE PREDOMINANT 
AMONG PATIENTS WITH UNDIFFERENTIATED FEVER IN 
AFGHANISTAN

Salwa F. Ahmed1, Momtaz O. Wasfy1, B. Abdel-Rahman1, M. S. 
Motawea1, Nasir Stanikzai2, R. Alami2, Bashir Noormal2
1Naval Medical Research Unit - 3, Cairo, Egypt, 2Afghan Public Health 
Institute, Ministry of Public Health, Kabul, Afghanistan

Diagnosis of infectious diseases in Afghanistan remains a challenge with 
limited ability for pathogen isolation and identification. Baseline data 
on the prevalence of etiologies causing undifferentiated fever is lacking 
in Afghanistan. Herein we screened serum of Afghan patients suffering 
from undifferentiated fever for antibodies against number of pathogens, 
including Coxiella burnetii, Leptospira spp.and typhoid fever. Patients > 
5 years old with undifferentiated fever who meet the WHO case definition 
and presented at Kandahar provincial hospital (KDH), Helmand provincial 
hospital (LG) and a tertiary hospital in Kabul (KID) were enrolled and 
consented into a surveillance study between 2007 and 2012. A single 
serum sample was collected and tested by ELISA for the detection of 
IgM and IgG against Q fever (C.burnetii, Panbio® ), Leptospia spp. IgM 
(Panbio) and total immunoglobulins of Salmonella enterica serovar 
Typhi. A total of 566 patients were screened. Cases from KDH showed the 
highest frequency of C. burnetii antibodies (n=178, 36% IgG and 7.9 % 
IgM), followed by those from LG (n= 82, 23.2% IgG and 4.9% IgM) and 
KID (n= 303, 16.5% IgG and 1.3% IgM). Leptospia IgM was evident in 
11.2% of patients, 12.9% in KID, 10.7 in KDH and 6.1 in LG. Typhoid 
fever titers >320 were found in11.2% of all patients, being higher in LG 
(15.9%) and KDH (12.9%) than KID (8.9%). Almost half of the C.burnetii 
IgM-positive cases (12/22) did not mount immune responses to other 
pathogens. The data suggest that both acute and past Q fever infections 
were evident within patients tested. The increased seropositivity rates in 
cases from KDH and LG provincial hospitals compared to those of KID in 
Kabul city may be attributed to limited sanitary measures in these areas. 
While typhoid fever is transmitted by ingestion of sewer polluted food and 
water, both Q fever and Leptospira are spread by contact with animals 
and their contaminated products or excreta. The obtained results provide 
initial disease burden information for Afghanistan and will be useful to 
health authorities in guiding hygiene improvement plans and disease 
prevention strategies.

422
REVERSE-TRANSCRIPTASE PCR DETECTION OF LEPTOSPIRA 
IN RIO DE JANEIRO: POOR AGREEMENT WITH SINGLE-
SPECIMEN MICROSCOPIC AGGLUTINATION TESTING

Jesse J. Waggoner1, Ilana Balassiano2, Alisha Mohamed-Hadley1, 
Malaya K. Sahoo1, Juliana Magalhães Vital-Brazil2, Benjamin A. 
Pinsky1

1Stanford University, Palo Alto, CA, United States, 2Instituto Oswaldo Cruz, 
Fiocruz, Rio de Janeiro, Brazil

Leptospirosis is a potentially fatal zoonotic disease caused by bacteria 
of the genus Leptospira. In the Americas, Brazil reports the majority 
of cases, though incidence remains underestimated due to limitations 
in available diagnostics. The reference standard for the diagnosis of 
leptospirosis remains microscopic agglutination testing (MAT) on acute 
and convalescent serum. However, paired specimens are rarely sent for 
testing, and positive MAT results from a single specimen (titer ≥1:800) are 
often used to provide a presumptive diagnosis. The purpose of this study 
was to test serum samples from patients in Rio de Janeiro with a real-time 
reverse-transcriptase PCR (rRT-PCR) targeting the Leptospira 16S rrs gene 
and compare these results to detection with MAT. Improved analytical 
sensitivity of Leptospira detection was shown using rRT-PCR compared 
to optimized real-time PCRs with the same primers and probe. We then 
tested up to 55 archived serum samples per month from 2008, for a total 
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of 478 samples. Thirty-five (7.3%) samples tested positive by rRT-PCR 
with no clear seasonality in the percent of cases detected. Clinician-
reported day of disease information was available for 282 samples (18 
rRT-PCR positive). Leptospira RNA was detected in samples collected 
as late as day 30, and cycle thresholds did not vary based on the day of 
disease of sample collection. The percentage of positive samples also 
did not differ when samples were categorized as acute [≤ 7 days; 8/127 
(6.3%)]; late acute [8 to ≤14 days; 6/69 (8.7%)]; or convalescent [>14 
days; 4/86 (4.7%)]. Thirty-three (6.9%) samples tested positive by MAT 
using a regional panel of 19 Leptospira strains. Only three samples tested 
positive by both rRT-PCR and MAT. Of the 282 samples with day of disease 
information, 19 (6.7%) were positive by MAT, and one sample tested 
positive by both methods. In conclusion, rRT-PCR and single-specimen 
MAT demonstrate poor agreement for the diagnosis of leptospirosis and 
identify distinct patient populations. The accuracy of using a single MAT 
result, even at a titer of ≥1:800, for the diagnosis of acute leptospirosis 
should be re-evaluated.

423
PATHOGEN-SPECIFIC FEATURES OF THE HUMAN PERIPHERAL 
BLOOD TRANSCRIPTIONAL PROFILE IN PATIENTS WITH 
SCRUB TYPHUS AND MURINE TYPHUS

Stephen J. Popper1, Viegmon Davong2, Josee Castonguay-
Vanier2, Anisone Chanthongthip2, Koukeo Phommasone2, 
Manivanh Vongsouvath2, Peter M. Dull3, Buddha Basnyat4, David 
M. Murdoch5, Christopher W. Woods6, Catrin M. Moore2, Paul N. 
Newton2, David A. Relman1

1Stanford University School of Medicine, Stanford, CA, United States, 
2Lao-Oxford-Mahosot Hospital-Wellcome Trust Research Unit, Vientiane, 
Lao People’s Democratic Republic, 3Division of Infectious Diseases, Emory 
University, Atlanta, GA, United States, 4Patan Hospital, Kathmandu, 
Nepal, 5Christchurch School of Medicine and Healthy Sciences, University 
of Otago, Christchurch, New Zealand, 6Duke University Medical Center, 
Durham, NC, United States

Scrub and murine typhus are important causes of fevers in Southeast Asia. 
The nonspecific clinical presentation and lack of sensitive acute-phase 
diagnostic tests hinder their early recognition. To identify pathogen-specific 
features of the host response to infection, we used oligonucleotide arrays 
to examine genome-wide patterns of whole blood gene expression in 
patients with scrub typhus (n=8) and murine typhus (n=6) admitted to 
Mahosot Hospital, Vientiane, Laos. We compared these patterns with 
those of healthy controls (n=12), as well as patients with dengue (n=13) 
and E. coli bacteremia (n=6). The average change in abundance of 
15,643 transcripts following infection with Orientia tsutsugamushi 
and R. typhi, causative agents of scrub and murine typhus, respectively, 
was similar to those seen in patients with dengue (Pearson’s r=0.81 and 
0.66, respectively). All three groups had elevated abundance levels of 
transcripts associated with the mitotic cell cycle and mitochondrial activity; 
these levels were highest with dengue and lowest with murine typhus 
infection. The transcriptional profile of patients with E. coli was distinct 
(r=0.23 and r=0.49 compared to scrub and murine typhus, respectively), 
and characterized by elevated abundance levels of transcripts associated 
with myeloid gene expression. Principal components analysis indicated that 
there were differences in gene expression that distinguished scrub and 
murine typhus patients from those with dengue and E. coli infection, and 
we found that gene sets associated with T and NK cells were expressed 
at higher levels in scrub and murine typhus. We also identified a set of 
10 transcripts that correctly predicted 13 of 14 O. tsutsugamushi and 
R. typhi infections and 18 of 19 dengue and E. coli infections (10-fold 
cross-validation). Eight of 9 scrub typhus and murine typhus patient 
samples from Kathmandu, Nepal were also correctly predicted as rickettsial 
infections using the same gene set. Further validation will establish 
the potential of these gene expression patterns to improve diagnostic 
capabilities and our understanding of the early host responses to rickettsial 
infections.

424
MICROGEOGRAPHIC DIFFERENCES IN TRANSMISSION OF 
LEPTOSPIROSIS IN THE PERUVIAN AMAZON

Karen Ocampo1, Kalina Campos1, Julian Torres2, Silvia Torres2, 
Joseph Vinetz3, Michael Matthias3, Jessica N. Ricaldi1

1Universidad Peruana Cayetano Heredia, Lima, Peru, 2Universidad Peruana 
Cayetano Heredia, Iquitos, Peru, 3University of California San Diego, San 
Diego, CA, United States

Leptospirosis is hyperendemic in the Peruvian Amazon, and different 
transmission contexts seem to coexist within a small region. In this study 
we looked at the prevalence of leptospirosis in three areas around the city 
of Iquitos: the Belen neighborhood (part of which gets flooded seasonally), 
the riverine semi-rural community of Mazan, and the roadside community 
of Los Delfines. We enrolled adults and children over 5 years old in a 
household survey of the three communities. GIS and demographic data 
were collected and participants provided a blood samples, a urine sample, 
or both. Serology using the microagglutination test (MAT) was performed 
on all serum samples. Seroprevalence in Belen was 9.3 % (46/493), and 
it was significantly different between the flooded area (16%) and the 
non-flooded area (5.2%) (p<0.01). Seroprevalence was 5.5 % (12/238) 
in Mazan and 7.4% (17/229) in Los Delfines. We did not find any specific 
risk factors associated to seropositivity, besides living in a flooded area. 
Seroprevalence to the intermediate Leptospira licerasiae was 92.5% and 
91.5% in the flooded and dry areas of Belen, and 88.2% and 85.6% in 
Mazan and Los Delfines respectively. A qPCR assay directed at Leptospira 
16S rDNA , was done on 27 urine samples from MAT positives from Belen 
and 55% were positive. A sub group of urine samples from MAT negative 
was also assayed, 18% (11/61) were positive. The most prevalent serovar 
in Belen and Los Delfines was serovar Bratislava, which has been described 
to be mostly associated with pigs. We find that the seroprevalence to 
pathogenic Leptospira varies in different contexts, and that even within 
the area on Belen, exposure seems to be higher in the flooded area. The 
prevalence in the non-flooded area is similar to that in semi-rural areas not 
considered hot spots. Although MAT does not definitely define infective 
serovar, because of cross-reactivity within strains, our findings suggest an 
important role for pigs in the transmission of leptospirosis in this area.

425
THE EFFECT OF CIVIL WAR ON CUTANEOUS LEISHMANIASIS 
“ALEPPO BUTTON” IN ALEPPO CITY

Abdulnasser Kaadan
University of Aleppo, Aleppo, Syrian Arab Republic

In the ancient northern Syrian city of Aleppo, CL has been present for 
hundreds of years (if not longer), where it is known as the “Aleppo 
evil”, “Aleppo ulcer”, “Aleppo boil”, or “Aleppo button” which is 
Cutaneous Leishmaniasis. Aleppo ulcer is a disfiguring condition that 
disproportionately occurs on the face, especially of young people. It 
typically lasts one or 2 years before the lesion heals spontaneously, and is 
often known locally as “one-year sore”. However, in many cases specific 
anti-parasitic chemotherapy can hasten the healing process and improve 
clinical and cosmetic outcomes. A major problem with one-year sore is 
that the scar can produce permanent disfigurement of the face. It is well 
known about the rise and fall and then a rise again in the incidence of 
the disease in the city of Aleppo. During the 1950s the number of cases 
of CL fell after an insecticide campaign aimed at controlling malaria, but 
it then rose again during the 1960s. However, CL was mostly controlled 
during the 1980s.There is no doubt that the areas of Syria affected by the 
civil war are experiencing an increase in cutaneous leishmaniasis, and this 
will also be seen in the refugee camps in Jordan and Turkey. This is due to 
garbage collection, open sewage, and poverty which promote the habitats 
of Phlebotomus sandflies that transmit CL. Interestingly, a clinical trial 
conducted prior to the current civil conflict found that use of insecticide-
treated bednets (ITNs) could prevent CL in Aleppo. Recently, WHO reports 
out of Syria indicate the emergence of epidemic cutaneous leishmaniasis 
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in the besieged city of Aleppo, adding further to the misery there, perhaps 
the international community needs to focus on refugees and refugee 
encampments to ensure local control and patient access to treatments.

426
DISTRIBUTION OF ESCHAR IN CHILDREN WITH SCRUB 
TYPHUS

Winsley Rose Selwin, Roshni Rajan, Urmi Ghosh, Anu Punnen
Christian Medical College, Vellore, India

Scrub typhus, caused by Orientia tsutsugamushi, and transmitted by the 
bite of a trombiculid mite chigger is widely prevalent in the ‘tsutsugamushi 
triangle’ of the world. Prompt and appropriate antibiotic therapy is 
important in decreasing morbidity and mortality. Presence of eschar at the 
site of chigger bite is an important finding in the early diagnosis of scrub 
typhus. The chigger is microscopic and the eschar is painless. A careful 
examination is required to identify an eschar. Describing the distribution 
of these eschars is beneficial to clinicians. In our study, we describe the 
distribution of eschars in all children < 15 years of age admitted with a 
confirmed diagnosis of scrub typhus based on a positive scrub typhus IgM 
serology or a Weil Felix test OX K > 80 over a 3 year period. There were 
286 children admitted with confirmed scrub typhus during this period. 
An eschar was present in 155(54.5%) children with 94(60.6%) males 
and 61(39.4%) females. The eschars were distributed in the following 
areas: scalp 2(1.3%), ears 5(3.2%), eyelids 4(2.6%), neck 15(9.7%), 
axillae 35(22.6%), chest and abdomen 21(13.5%), buttocks 2(1.3%), 
genitalia 25(16.1%)(scrotum 24 and labia 1), leg 3(1.9%), arm 3(1.9%), 
groin 24(15.5%), shoulder 9(5.8%) and back 7(4.5%). The commonest 
sites of eschars were scrotum 24/94(25.5%) and axillae 14/94(14.9%) in 
males and axillae 21/61(34.4%) and groin 14/61(23%) in females. Eschars 
were seen within skin folds in 84/155(54.2%) children. The distribution 
is children is predominantly in the axillae and genitalia whereas in adults, 
as described in literature, the distribution is predominantly over the chest, 
abdomen and the groin. Recognizing an eschar is the most useful clue to 
diagnose scrub typhus in children presenting with acute febrile illness. In 
endemic regions, children should be carefully examined for the presence 
of eschar especially in the skin folds of the genitalia, axillae and groin to 
make an early diagnosis of scrub typhus.

427
SPECTRUM OF WINTER DERMATOSES IN RURAL YEMEN

Mohamed A. Al-Kamel
Regional Leishmaniasis Control Center, Sana’a, Yemen

Surveys have been carried out to determine the prevalence of skin 
diseases in rural Yemen are scarce or even not available. This study was 
undertaken to investigate spectrum of winter dermatoses in a rural Yemeni 
community. At the dermatology outpatient clinic of Al-Helal Specialized 
Hospital at Radaa’ district of Al Bayda’ governorate, this retrospective 
study was conducted, by data analysis of 700 selected records of patients 
managed during 4 months of 2013-14 winter season. Results 700 patients 
with 730 diseases were reported in this study, the major bulk of patients 
(46.57%) were in >18-40 years age group, and females outnumbered 
males. By far, Dermatitis, eczematous and allergic disorders (38.49%) 
topped the list of the most frequent skin disorders groups, followed by 
skin infections and infestations (20%) and pigmentary disorders group 
(13.70%). Contact dermatitis (10.68%) was the most prevalent skin 
disorder, followed by hyperpigmentations (8.77%), acne (8.08%), viral 
infections (5.75%), atopic dermatitis (5.62%), and parasitic infestations 
(5.34%). In conclusion, this survey has documented spectrum of winter 
dermatoses in a rural Yemeni community, but also reflects pattern of 
common dermatoses in the whole country. Dermatitis, eczematous 
and allergic disorders, skin infections and pigmentary disorders are the 
commonest groups. Contact dermatitis is the most prevalent disorder, 
and leishmaniasis is the most prevalent skin infectious disease. Climate, 

occupational, social, and environmental factors are of main contributors. 
Such statistics can form an important basis for community-based health 
policies.

428
IRON DEFICIENCY DURING PREGNANCY AND 
NEURODEVELOPMENT OF ONE-YEAR-OLD CHILDREN

Michael O. Mireku1, Michael J. Boivin2, Achille Massougbodji3, 
Michel Cot4, Florence Bodeau-Livinec5

1French School of Public Health (EHESP), Rennes, France, 2Michigan State 
University, East Lansing, MI, United States, 3University of Abomey-Calavi, 
Cotonou, Benin, 4Institute of Research For Development, Paris, France, 
5Sorbonne Paris Cite-Inserm, Paris, France

Iron deficiency (ID) in infancy is a known risk factor of short and long term 
neurocognitive deficits. Although evidence exists on the impossibility of 
completely reversing impaired cognition caused by early iron deficiency, 
little is known about the impact of prenatal ID on the neurocognitive 
function of children. The objectives of this study were to assess the impact 
of prenatal ID on the cognitive and motor functions of one-year-old 
children in Benin, and to determine the epidemiologic pathway underlying 
this relationship. Our prospective cohort study included one-year-old 
children born to women recruited at their first antenatal care (ANC) 
visit, before 29 weeks of pregnancy, within the MiPPAD trial comparing 
sulfadoxine-pyrimethamine and mefloquine. Pregnant women were 
enrolled if they had not taken any anthelminthics, iron or folic acid and 
were HIV negative prior to first ANC visit. Serum ferritin and C-reactive 
protein concentrations of pregnant women were determined from venous 
blood samples collected at first and second ANC visits of at least, one-
month interval and at delivery. Women were given oral iron, folic acid 
and anthelminthics as part of the ANC package in Benin. A total of 636 
children (76.8% of eligible children) were assessed for cognitive and motor 
functions, using the Mullen Scales of Early Learning (MSEL), at twelve 
months of age by trained research nurses. Prevalence of ID was 33.3%, 
35.2% and 30.4% at first ANC visit, second ANC visit and delivery, 
respectively. There was no significant difference in the cognitive and motor 
functions between children whose mothers were iron deficient and those 
whose mothers were not iron deficient during pregnancy. Although we 
observed an increased risk of ID, RR = 2.3 (95% CI 1.9-2.8) and RR = 1.7 
(95% CI 1.4-2.1) at second ANC and delivery, respectively, if pregnant 
women had ID at first ANC visit, persistent ID throughout pregnancy was 
not related to infant neurocognitive function. Preliminary analyses show no 
association between prenatal ID and early neurocognitive development of 
children.

429
INFLAMMATORY AND ANGIOGENIC FACTORS AT MID-
PREGNANCY ARE ASSOCIATED WITH SPONTANEOUS 
PRETERM BIRTH IN A COHORT OF TANZANIAN WOMEN

Chloe R. McDonald1, Anne M. Darling2, Valerie M. Crowley1, 
Andrea L. Conroy1, Vanessa Tran1, Ana Cabrera1, W. Conrad Liles3, 
Molin Wang2, Said Aboud4, Willy Urassa4, Wafaie W. Fawzi2, Kevin 
C. Kain1

1SAR Laboratories, Sandra Rotman Centre for Global Health, Toronto, 
ON, Canada, 2Harvard School of Public Health, Boston, MA, United 
States, 3University of Washington, Seattle, WA, United States, 4Muhimbili 
University of Health and Allied Sciences, Dar es Salaam, United Republic of 
Tanzania

Preterm birth (PTB) is the leading cause of perinatal mortality worldwide, 
with the greatest burden occurring in resource-constrained settings. 
Based on the hypothesis that altered placental angiogenesis and 
inflammation early in pregnancy lead to PTB, we examined whether levels 
of inflammatory and angiogenic mediators, measured early in pregnancy, 
were predictive of spontaneous PTB (sPTB). Plasma samples were collected 
from a prospective cohort of primigravid Tanzanian women between 12-
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27 weeks gestation. A panel of 18 markers was screened on a training 
cohort of 426 women. Markers associated with sPTB in the training cohort 
were repeated in a test cohort of 628 women. All markers were measured 
by ELISA. In both the training and test cohorts plasma levels of IL-18BP, 
sICAM-1, sEndoglin and CHI3L1 were elevated and Leptin was lower at 
enrollment in women who subsequently experienced sPTB. In multivariate 
analysis women with plasma levels of CHI3L1, C5a, sICAM-1, AngptL3, 
sEndgolin, sFlt-1 and IL-18BP in the highest quartile had an increased risk 
of sPTB compared with those in the lowest quartile. Women with Leptin 
and Ang2 in the highest quartile had a reduced risk of sPTB compared 
with women in the lowest quartile. Levels of angiogenic and inflammatory 
mediators measured at mid pregnancy were associated with subsequent 
sPTB. These findings provide insight into mechanisms underlying sPTB 
and suggest biomarkers that may have clinical utility in risk-stratifying 
pregnancies.

430
THE IMPACT OF THE AMAZON HOPE MEDICAL PROGRAM 
ON THE PREVALENCE OF ANAEMIA IN CHILDREN FROM THE 
PERUVIAN AMAZON

Ronald Ramirez1, Oscar M. Linárez1, Tom Wingfield2

1Union Biblica Peru and Amazon Hope Medical Project, Iquitos, Peru, 
2Imperial College London, UK and Universidad Peruana Cayetano Heredia, 
London, United Kingdom

The Amazon Hope medical boat health program offers care to 167 
impoverished communities of the Peruvian Amazon. In 2010, we 
performed a study into childhood anaemia in these communities, which 
identified a high prevalence (89%) of anaemia in children under 5 
years old attending the boat clinics. Subsequently, we started an iron 
supplementation and anti-parasite program and studied its impact on 
anaemia prevalence post-intervention. Eligibility criteria included being 
a child from 6 to 59 months attending the boat clinic, diagnosed with 
anaemia in the initial study and whose guardian gave informed consent 
to participate. Participants with a haematocrit of <33% were offered 
operationally-defined “anaemia treatment” with 2-3mg/kg/day of oral 
iron for three months. Participants with a haematocrit of 33-35% received 
operationally-defined “iron supplementation treatment” with 0.5-1mg/kg/
day of oral iron for two months repeated every three months for a total of 
one year. In addition, 400mg albendazole was given every three months 
to all children aged over 2 years and 200mg to children between 1 and 2 
years. In 2011, haematocrit levels were repeated on visits to the study site 
communities. Data from 869 of the children originally tested for anaemia 
were available for analysis. Mean anaemia prevalence in participants 
decreased from 89% in 2010 to 20% in 2011. Older children had the 
greatest reduction in anaemia prevalence following the intervention: 68% 
(97-29%) in those aged 6-12 months, 62% (91-29%) in those aged 12-
23 months, 65% (86-21%) in those aged 24-35 month, 73% (87-14%) 
in those aged 36-47 months, and 77% (84-7%) in those aged 48-59 
months. Iron supplementation and anti-parasite therapy were associated 
with a marked reduction in anaemia prevalence in attending children. The 
largest reduction was seen in children over two years old, which perhaps 
relates to increased intake and adherence to iron supplementation. Further 
research is required to inform regional policy makers to consider the scope 
for potential implementation and scale-up of similar interventions to 
correct or prevent anaemia in these communities.

431
CONGENITAL TOXOPLASMOSIS AND PREGNANCY MALARIA 
DETECTION POST-PARTUM; EFFECTIVE DIAGNOSIS AND 
EFFECTIVENESS OF APPROVED CHEMOTHERAPEUTIC 
REGIMENS IN GHANA

Emmanuel A. Blay1, Anita Ghansah1, Joseph Otchere1, Roberta 
Koku1, Kofi D. Kwofie1, Takashi Suzuki2, Nobou Ohta2, Irene Ayi1
1Noguchi Memorial Institute for Medical Research, Accra, Ghana, 2Tokyo 
Medical and Dental University, Tokyo, Japan

Congenital toxoplasmosis (CT) and Pregnancy malaria (PM) have been 
individually reported to cause severe negative outcomes in pregnancies but 
the diagnostic method is still debatable. This study sought to estimate the 
prevalence of PM and CT single and co-infections in pregnant women by 
using various specimens including serum and placental tissues. Genomic 
DNA extracted from the placenta, cord blood or blood of mothers was 
tested by PCR. Conventional method of immunodiagnosis was done for 
CT. We tested 79 pregnant women and the mean age was 28±1.06. 
There was a big difference in the prevalence of Plasmodium falciparum 
infection determined by PCR between two specimens tested: PCR positive 
for mother’s peripheral blood was 6.3% while 57.3% for placental tissues 
(p <0.001). PCR testing for placental tissues showed 29.2% positive for 
Toxoplasma gondii, while 76.0% of mothers had serum IgG against T. 
gondii. It should be noted that 6.32% of the placental tissues showed 
positive for SAG 3 in PCR, a marker of active infection in T. gondii. 
Although there were no enhanced fetal disorders at birth in our study, 
there is a possibility of active transmission of T. gondii from mothers to 
foetus even in immune mothers. Our study suggests that foetus were 
exposed to P. falciparum and T. gondii in utero, and placenta PCR is 
a sensitive method for detecting such episodes. In cases of PCR-positive, 
clinical follow-up after birth may be important.

432
CHANGES IN THE PROFILE OF CIRCULATING B CELLS AND 
IGG AND COMPLEMENT RECEPTORS CAN BE ASSOCIATED 
WITH THE DEVELOPMENT OF ERYTHEMA NODOSUM 
LEPROSUM

Francianne M. Amorim1, Larissa S. Nascimento1, Alesson M. 
Miranda1, Francisco P. Freire-Neto1, Glória R. Monteiro1, Maurício 
L. Nobre1, Kathryn M. Dupnik2, Selma M. Jeronimo1

1Laboratório de Imunogenética de Doenças Complexas, Centro de 
Biociências, Instituto de Medicina Tropical do Rio Grande do Norte, 
Universidade Federal do Rio Grande do Norte, Natal, Brazil, 2Division of 
Infectious Diseases and Center for Global Health, Weill Cornell Medical 
College, New York, NY, United States

Reversal reaction (RR) and erythema nodosum leprosum (ENL) are severe 
complications of leprosy. We previously observed differences in the profile 
of circulating B cells and in the frequency of CD32 and CD21 between 
paucibacillary and multibacillary. We hypothesized that those differences 
may be associated with the pathogenesis of reactions. Peripheral blood 
mononuclear cells were obtained from 14 household contacts (HC), 43 
patients without reaction, 7 tuberculoid, 20 borderline and 7 lepromatous, 
and 12 patients with reactions (9 RR and 3 ENL). Total lymphocytes and 
subpopulations of B cells, frequency of CD32 and CD21 were evaluated 
ex vivo by flow cytometry. A decrease in the frequency of lymphocytes 
was seen in borderline (61.0%; p= 0.0165) and lepromatous (61.2%; 
p= 0.0428) when compared to HC (71.2%). The frequency of B cells 
were higher in lepromatous (13.1%) when compared to HC (7.1%, p= 
0.0300), tuberculoid (8.6%, p= 0.0021) and ENL (5.3%, p= 0.0121). 
There were no differences in the frequency of transitory, naïve or memory 
B cells between leprosy clinical forms. However, ENL had a higher 
frequency of memory B cells when compared to borderline (35.9% vs. 
24.1%, p= 0.0344), lepromatous (22.3%, p= 0.0485) or RR (23.49%, p= 
0.0182). Plasmoblasts were more frequent in lepromatous (8.9%) when 
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compared to tuberculoid (5.5%, p= 0.0108). Interestingly, there was a 
higher frequency of CD21+ B cells in lepromatous (92.2%) compared 
to tuberculoid (88.1%, p= 0.0090), borderline (89.1%, p= 0.0500), 
RR (81.84%, p= 0.0111) or ENL (82.3%, p= 0.0242). Furthermore, 
lepromatous (84%) presented a lower frequency of CD32+ B cells when 
compared to HC (93.5%, p= 0.0021), tuberculoid (91.5%, p= 0.0106) 
or ENL (95.6%, p= 0.0121). Lepromatous (70.3%) also presented a 
lower frequency of CD32+ plasmoblasts when compared to ENL (90.1%, 
p= 0.0303). Despite the differences in the profile of circulating B cells 
in clinical forms of leprosy, the increased frequency of CD21+ B cells 
and decreased frequency CD32+ B cells in lepromatous patients could 
contribute to exacerbation of the humoral immune response and increase 
the risk of developing ENL.

433
THROMBOCYTOPATHY CONTRIBUTES TO THE 
DEVELOPMENT OF BLEEDING COMPLICATIONS IN HUMAN 
LEPTOSPIROSIS

Rahajeng N. Tunjungputri1, Quirijn de Mast2, Willemijn van der 
Does2, Pandu Herpri Sasongko1, Andre van der Ven2, M. Hussein 
Gasem1

1Center for Tropical and Infectious Disease, Faculty of Medicine, 
Diponegoro University - Dr. Kariadi Hospital, Semarang, Indonesia, 
2Department of Internal Medicine, Radboud University Medical Center, 
Nijmegen, Netherlands

Leptospirosis is a widespread zoonotic disease in the tropics caused 
by the pathogen Leptospira interrogans. Bleeding is one of the most 
important complications of which the pathogenesis is poorly understood. 
We hypothesized that impaired platelet function (thrombocytopathy) 
contributes to the bleeding complications of leptospirosis. We conducted 
a prospective study on 23 hospitalized patients with leptospirosis in 
Semarang, Indonesia, of whom 9 developed clinical bleeding. Platelet 
function and the binding of von Willebrand factor (vWF) to platelets was 
investigated using flow cytometry. The latter was included as vWF-platelet 
binding was recently suggested to cause thrombocytopathy. Leptospirosis 
was associated with in vivo platelet activation with increased expression 
of the platelet granule marker P-selectin and increased fibrinogen binding 
to αIIbβ3. However, upon ex vivo stimulation with the platelet agonists 
adenosine-diphosphate (ADP) and thrombin-receptor activating peptide 
(TRAP), P-selectin expression and fibrinogen binding were significantly 
lower compared to controls, suggesting thrombocytopathy. Patients with 
clinical bleeding had the most pronounced thrombocytopathy and these 
patients also had increased vWF binding to platelets. In conclusion, our 
study identifies thrombocytopathy as a contributing factor to bleeding in 
leptospirosis. Excessive platelet activation and platelet-vWF binding may be 
an underlying mechanism behind this thrombocytopathy.

434
ASSESSMENT OF THE EFFECTIVENESS AND UTILITY OF 
THE NEW WHO GUIDELINES FOR THE MANAGEMENT OF 
HEPATITIS B IN NORTHERN UGANDA

Nicholas Easom1, Nicolas Laing2, Henry Tufton3, Emmanuel 
Ochola2, Alison Elliot4, Mala Maini1
1University College London, London, United Kingdom, 2St. Mary’s Hospital 
Lacor, Gulu, Uganda, 3Kisubi Mission Hospital, Kisubi, Uganda, 4Uganda 
Virus Research Institute, Entebbe, Uganda

Hepatitis B virus (HBV) kills 750,000 people a year, overwhelmingly 
in low and middle income countries (LMICs), despite the widespread 
use of HBV vaccine. However there is little research conducted into 
hepatitis B in sub-Saharan Africa. WHO published its first guideline for 
the investigation and management of hepatitis B in 2015. It highlights 
the lack of evidence to guide management in LMICs, particularly where 
HBV DNA testing is unaffordable. The emergence of tenofovir as a safe, 
effective and increasingly inexpensive treatment for hepatitis B has only 

served to emphasise the need for evidence-based criteria applicable to 
this setting. Previous guidelines for the management of hepatitis B (eg. 
from the American Association for the Study of Liver Diseases) have placed 
HBV DNA testing at the centre of patient assessment. The new WHO 
guidelines include guidance for management without this where it is not 
feasible. However little data is available to validate this approach. We aim 
to demonstrate that assessment of patients with hepatitis B without the 
use of HBV DNA testing is feasible and results in acceptable allocation 
to treatment. St Mary’s Hospital Lacor is a regional referral hospital just 
outside Gulu in Northern Uganda. The local prevalence of hepatitis B is 
17%, making this a significant cause of morbidity and mortality. HBV 
DNA tests in this setting must travel 335 miles to Kampala and cost $120, 
putting them far beyond the means of most patients. We performed a 
pragmatic prospective study to compare the therapeutic allocation of 
hepatitis B patients by the WHO guidelines without HBV DNA testing, 
taking a parallel assessment with HBV DNA as our gold standard. 100 
patients with hepatitis B diagnosed at St Mary’s Hospital were recruited. 
Liver ultrasound, liver and renal function tests, full blood count and HIV 
serology were performed. Investigators made a treatment decision while 
blinded to the HBV DNA result. HBV DNA results were then unblinded and 
patients were re-allocated to treatment or observation and the appropriate 
management commenced. We present the sensitivity and specificity of the 
without-HBV DNA WHO guideline in this setting.

435
USE OF ANTIBIOTICS AND ANTIMALARIALS IN THE 
MANAGEMENT OF FEBRILE ILLNESSES IN CHILDREN IN 
PUBLIC HEALTH FACILITIES IN WESTERN KENYA

Winnie C. Rono1, Wendy P. O’Meara2, Samson K. Ndege1

1Moi University, School of Public Health, Kenya, 2Duke Global Health 
Institute, Durham, NC, United States

Malaria is a global tropical disease associated with high morbidity and 
mortality, especially among the children. Many diseases present clinically 
with fever and Integrated Management of Childhood Illnesses (IMCI) 
advocates for the use of antibiotics for other infections and antimalarials 
for malaria. With the signs and symptoms of malaria resembling those of 
other diseases, many febrile conditions are treated clinically as malaria. 
Without laboratory confirmation of malaria, continued use of artemisinin-
based combination therapy on non-malaria cases may soon lead to 
resistance due to their unnecessary use. A randomized control study 
was put in place with the primary objective of testing whether financial 
incentives offered (to intervention group) at the facility level improve 
targeting of antimalarials to patients with parasitologically diagnosed 
malaria. This is a sub-study of the above describing the role of antibiotics 
and antimalarials in the management of febrile illnesses among children. 
The main objective was to describe the prescription habits of both 
antimalarials and antibiotics. This was a comparative, records-based cross-
sectional study carried out in 17 public health facilities of high and low 
malaria endemicity in the western region of Kenya. Health facility records 
were reviewed by use of a checklist and data was analysed using STATA 
analysis package. 6086 children under the age of 5 years were included in 
the study with a mean age of 2 years and 51.2% being female. Among 
the 2124 study subjects who received antibiotics and other treatment 
regimens, (37.5% of intervention and 31.8% of control) most of them 
received cotrimoxazole dispensed at 46%. Positive blood smear results for 
Western and Rift Valley Provinces were 26.5% and 11.6% respectively. 
Among those who received medication, 70% of those with a negative 
blood smear result were given antibiotics and 68% of those with a positive 
blood smear result got AL.
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436
SIMPLE, ECONOMICAL RABIES VACCINATION: WHY 
INTRADERMAL ADMINISTRATION SHOULD BECOME 
ROUTINE WORLDWIDE

Mary Warrell
University of Oxford, Oxford, United Kingdom

Rabies prophylaxis is expensive and unsatisfactory globally. Thousands 
of people die an agonising death unnecessarily because rabies vaccine 
is either unavailable or unaffordable. Shortages may occur anywhere. 
Dog rabies virus encephalitis is always fatal in unvaccinated patients, and 
post-exposure prophylaxis (PEP) may fail if it is incomplete. Doctors are 
understandably afraid of trying the low dose intradermal (ID) regimens. 
Confusingly, the WHO currently recommends 9 different vaccine 
regimens. It is now urgent to agree and then strongly recommend highly 
immunogenic, economical, safe and simplified methods suitable for all. 
This is now possible using the ID route for all three essential types of 
rabies vaccine regimens: Pre-exposure, Post-Exposure Booster for those 
previously immunised and Primary Post-exposure. The WHO already 
approves ID Pre-exposure: (0.1 ml, Days 0, 7, 28) and the PEP Booster: 
(Single Day ID 0.1 ml at 4-sites). For Primary PEP, the mandatory rapid 
immune response can be achieved by inoculating small doses of vaccine 
at multiple ID sites. Two 4-site ID candidate regimens have been proposed: 
a ‘One Week’ version suffers several disadvantages compared with the 
‘4-site ID One Month’ regimen, which uses the same total dose of vaccine 
and timing as the original 8-site ID regimen that was regarded as highly 
immunogenic by WHO. The new 4-site method involves 3 clinic visits, 
minimises vaccine wastage, accommodates inexperienced ID technique, is 
economical compared with all other regimens, and gives the same dose of 
vaccine antigen dispensed in either 1ml or 0.5 ml vials. The ‘4-site ID One 
Month’ schedule is: Day 0, a whole vial ÷ ID 4-sites; Day 7, half a vial ÷ 
ID 2-sites; Day 28, 0.1/0.2 ml (one fifth of a vial) ID at 1-site. The result is 
three essential ID regimens: a Pre-exposure 3 dose (0,7,28); a Booster PEP 
Single Day 4-site; and a Primary PEP 4-site 3 dose (0,7,28). Should these ID 
regimens become routine globally? This strategy could pave the way to a 
new ID pre-exposure regimen and a Primary PEP regimen of only 2 visits.

437
UPDATING THE CDC YELLOW BOOK DENGUE MAP FOR 
CLINICIANS TO IMPROVE UNDERSTANDING OF DENGUE RISK 
AREAS

Emily S. Jentes1, R. Ryan Lash1, Michael Johansson2, Tyler Sharp2, 
Ronald Henry1, Oliver J. Brady3, Mark J. Sotir1, Simon I. Hay3, 
Harold S. Margolis2, Gary W. Brunette1

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
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3Oxford University, Oxford, United Kingdom

The CDC Health Information for International Travel (Yellow Book) 
publication is used by clinicians both during a pre-travel consultation to 
prepare travelers for international travel and when evaluating ill patients 
after travel. For the 2016 Yellow Book, CDC Dengue and Travelers’ 
Health Branches sought to provide clinicians clearer, more rigorous 
guidance regarding dengue risk by improving the map that shows where 
travelers should employ mosquito bite prevention measures and where 
dengue should be considered in the differential diagnoses of ill travelers. 
Instead of one “dengue risk” category which included only areas with 
known dengue cases and potentially omitted areas with sporadic risk, 
CDC moved to describe two categories of risk: “frequent or continuous 
(FC)” or “sporadic or uncertain (SU).” FC areas are those with strong 
evidence of recent dengue cases over multiple years or reports of more 
than 10 cases in at least 3 of the previous 10 years. SU areas are those 
with weak evidence of transmission or locations with at least one locally 
acquired dengue case reported in the last 10 years that do not fit the FC 
definition. Evidence used to categorize geographic areas included dengue 

outbreak and surveillance data from official reports, ProMED reports, 
and published scientific research compiled by Oxford University and 
CDC. Because not all dengue outbreaks are reported worldwide, expert 
opinion was used when evidence for a given locale was missing, since the 
absence of cases does not indicate an absence of risk. The inclusion of 
the SU category, which augmented the geographic expanse of potential 
dengue risk areas, helps provide clinicians with a more risk-based map 
to inform both recommendations for avoiding dengue and differential 
diagnoses for returning ill travelers. An international traveler’s risk for 
dengue virus infection depends on the local prevalence of dengue and 
exposure to vector mosquitoes. Although risk areas change over time, the 
revised dengue map incorporates a larger body of direct evidence and a 
more detailed assessment of risk to improve the information available to 
clinicians consulting the 2016 Yellow Book.

438
FACTORS CONTRIBUTING TO ADHERENCE TO THE BURULI 
ULCER ANTIBIOTIC TREATMENT REGIME: A CASE-CONTROL 
STUDY AT THE AMASAMAN SUB-DISTRICT IN GHANA

Bisi Adewale
Ministry of Health, Accra, Ghana

Buruli Ulcer is a debilitating disease caused by the mycobacterium 
ulcerans. In 2005 antibiotic regime was introduced in the treatment of 
the disease in addition to surgical treatment for advanced stages. The 
study aimed at finding the factors that contributed to adherence to 
the antibiotic treatment for Buruli ulcer, in Amasaman sub-district. A 
structured questionnaire which focused on patients access to treatment 
both geographically and financially, counseling patients prior to start of 
treatment and outcomes of the having the disease such as stigmatization 
and cumbersomeness of daily wound care was used to answer the 
identified study objectives. A case-control study was carried out with 100 
each of cases and controls. The study found that patients knowledge 
about the disease, support from family, and effect of patient seeking 
treatment on daily activity were associated with patients adherence 
to treatment. Showing an OR 0.38(CI 95% 0.18-0.74) for patients 
knowledge about the disease, an OR 2.27(CI 95% 1.17-4.45)) for support 
from family and OR 0.30(CI 95% 1.54-7.34)) for effect of patient seeking 
treatment on daily activity. Other factors such as patients access to health 
with OR 11.29(CI 95% 5.56-23.11), experience with medication side 
effect with OR 2.53(CI 95% 1.03-6.65), patient being counseled before 
treatment having an OR 4.51(CI 95% 2.31-8.93) and quality of care 
given to patients by health care providers with OR 0.15(CI 95% 0.02-
0.71) were also found to be associated with adherence to treatment. It is 
recommended that, staffs providing care for Buruli Ulcer patients should 
be well trained to deliver good counselling to patients prior to the start of 
treatment so as to enhance patients understanding the treatment regimen 
and the benefits of completing appropriately.

439
DENGUE AND COMORBIDITIES IN THE PERUVIAN AMAZON: 
2010-2014

Stalin Vilcarromero1, Crystyan Siles1, Sandra Olkowski2, Isabel 
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Medical Research Unit-6, Lima, Peru, 7U.S Naval Medical Research Unit-6 
and Department of Entomology, University of California, Davis, Iquitos, 
Peru

Dengue illness is endemic throughout urban centers in the Peruvian 
Amazon, especially in Iquitos city, causing high morbidity and mortality 
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every year. Arterial hypertension, diabetes, rheumatoid arthritis, and other 
chronic diseases have been shown to be risk factors for severe dengue 
elsewhere, but little is known about the impact of these comorbidities 
on hospitalization and mortality rates in this region. To assess this impact, 
we analyzed the epidemiology and clinical data from patients, with 
acute undifferentiated febrile illness (AUFI), who were enrolled through 
clinic-based passive surveillance in Health facilities (3 hospitals, 9 health 
centers) located in Iquitos, from December 2010 to December 2014. 
We obtained acute and convalescent blood samples as well as clinical 
history of any comorbidity (hypertension, diabetes, asthma, rheumatoid 
arthritis and others). Dengue virus infection (DENV) was confirmed by 
real time PCR or virus isolation in the acute sample or by seroconversion 
(4-fold increase in IgM antibodies) between acute and convalescent 
samples. All probable cases (presence of IgM without a rise in titer) were 
excluded. We confirmed DENV in 1,941 of 4,435 AUFI cases screened. 
Of these, 1,493 were treated as outpatients compared to 448 who were 
hospitalized. Of the 60 DENV+ patients with comorbidity, 18 required 
hospitalization and 42 did not, a similar ratio to those without comorbidity 
(OR=1.42, CI95%: 0.81 to 2.5). Hypertension was the most common 
comorbidity. Shock and death occurred in four patients who did not 
have any comorbidity. Although the 2009 World Health Organization 
Dengue Guidelines list certain co-morbidities in their criteria for hospital 
admission, none of the comorbidities we evaluated were associated with 
hospitalization. Longitudinal research is necessary to assess the true impact 
of comorbidities on DENV outcomes in this region.

440
CORRECTING IRON DEFICIENCY PREVALENCE FOR PLASMA 
INFLAMMATION IN BOLIVIAN INFANTS

Rachel M. Burke1, Rita Revollo2, Volga Iñiguez3, Juan Leon1, 
Parminder Suchdev1

1Rollins School of Public Health, Emory University, Atlanta, GA, United 
States, 2Servicio Departamental de Salud, La Paz, Plurinational State of 
Bolivia, 3Instituto de Biología Molecular y Biotecnología, Universidad Mayor 
de San Andés, La Paz, Plurinational State of Bolivia

Iron deficiency (ID) in infancy can cause cognitive and developmental 
deficits that may be irreversible after the age of 2. Plasma ferritin (Fer), 
reflective of iron stores, is often used as a sensitive measure of ID, yet 
levels of Fer are affected by inflammation. The goals of this study were to 
quantify the prevalence of ID among 6 - 8 month-old infants in a high-
altitude population of Bolivia and compare different methods of correcting 
ID for the effect of inflammation. Healthy infants were recruited from 2 
hospitals in El Alto, Bolivia, and followed from 1 to 8 months of age. Blood 
taken at 2 and 6 - 8 months was analyzed for ferritin (Fer), C-Reactive 
Protein (CRP), and alpha(1)-acid-glycoprotein (AGP). ID was defined as Fer 
< 12 µg/L. Inflammation was defined as CRP ≥ 5 µg/L or AGP ≥ 1 mg/L. 
Six methods were tested for correcting Fer for inflammation: exclusion, 
internal correction factors, meta-analysis-derived correction factors, and 
3 linear regression models of Fer on CRP and AGP (each used different 
CRP and AGP reference values). The ID prevalence values generated from 
these 6 methods were compared to the crude (uncorrected) prevalence. 
At 2 months of age, only 1 of 160 infants (< 1%) demonstrated evidence 
of ID, and 6 (4%) were inflamed. At 6 - 8 months of age, the prevalence 
of inflammation in this cohort was 20.2% (33/163). Uncorrected ID 
prevalence was 41.1% (67/163 infants measured). Exclusion yielded 
a prevalence of 44.6% (58/130), while different correction methods 
showed ID prevalence between 41.7% and 49.7% at 6 - 8 months of 
age. This analysis suggests that adjusting Fer for inflammation may lead 
to a more sensitive and valid measure of ID, depending on the correction 
method chosen. While infants in this population were born with adequate 
iron stores, by 6 - 8 months these stores were depleted to the point 
of ID in nearly half of the infants, a strikingly high figure. This analysis 
confirms that inflammation can significantly affect ferritin, and even 
in a low-inflammation setting can cause ID prevalence using Fer to be 
underestimated by nearly 10 percentage points. Interventions to prevent ID 
and inflammation in early infancy should be further explored.

441
TRENDS IN CARE SEEKING FOR CHILDREN’S RECENT 
FEVER IN LIBERIA: EVIDENCE OF IMPACT OF THE MALARIA 
COMMUNITIES PROGRAM (MCP)

Rebecca A. Winter1, Lia Florey1, Wenjuan Wang1, Tom Pullum1, 
Roland T. Suomie2, Debra Prosnitz3

1The Demographic and Health Surveys Program, Rockville, MD, United 
States, 2EQUIP Liberia, Monrovia, Liberia, 3ICF International, Rockville, MD, 
United States

Through the Malaria Communities Program (MCP), the President’s Malaria 
Initiative (PMI) awarded small grants to local organizations in 12 countries 
to implement projects around malaria prevention and treatment. One 
such organization, EQUIP Liberia, was awarded an MCP grant to work in 
two counties in Liberia: Nimba and Sinoe. In these counties, the EQUIP 
project piloted integrated community case management (iCCM), trained 
general Community Health Volunteers (gCHVs) and used behavior change 
communication to generate demand and increase care seeking. This study 
analyzed the 2007 Liberia Demographic and Health Survey (LDHS) and 
2011 Liberia Malaria Indicator Survey (LMIS) data to evaluate how trends 
in care seeking for children’s fever in counties covered by the EQUIP project 
compared with care seeking trends in non-project counties. Two logit 
regression models were developed to assess the odds that care was sought 
from any public facility and from any private facility. Results show that 
the increase in care seeking from public facilities was significantly greater 
in EQUIP project areas compared with the rate of increase in areas with 
no EQUIP presence, after adjusting for socio-demographic characteristics 
(adjusted OR for the additional increase associated with project counties: 
OR=3.6, p<0.05). Similarly, the rate of decline in care seeking from private 
facilities in EQUIP project areas was significantly more rapid than the rate 
of decline in areas with no EQUIP presence (adjusted OR for additional 
decline associated with project counties: OR=0.14, p<0.001). While 
the observed patterns could be explained by external factors such as 
urbanization, health system expansion, or other programs implemented 
during the same period, results provide some observational evidence of 
impact of EQUIP’s malaria community-based malaria control program on 
care seeking in two counties in Liberia.

442
ANEMIA AND MICRONUTRIENT DEFICIENCIES IN ECUADOR: 
RESULTS FROM THE ECUADORIAN NATIONAL HEALTH AND 
NUTRITION SURVEY (ENSANUT-ECU)

Winnie Chu1, Wilma B. Freire2, Saurabh Mehta1, Jere D. Haas1, 
Julia L. Finkelstein1

1Cornell University, Ithaca, NY, United States, 2Ministry of Health of 
Ecuador and the Universidad San Francisco de Quito, Ecuador, Quito, 
Ecuador

The burden of malnutrition in Latin America is high, although there is 
limited data from Ecuador. The recent Ecuadorian National Health and 
Nutrition Survey is the first national level nutrition survey since 1987, 
and provides a unique opportunity to examine the burden of anemia 
and micronutrient deficiencies in Ecuador. A total of 21,479 individuals 
were surveyed, including 11,325 adults (>19y), 3,646 adolescents (12-
18y), 4,459 school-aged children (5-11y), and 2,049 children under 
five. Socio-demographic data and venous blood samples were collected 
and hemoglobin and micronutrient concentrations were analyzed. The 
prevalence of anemia and micronutrient deficiencies (zinc, vitamin A, iron, 
vitamin B12, folate) were calculated and mapped using ArcGIS. Binomial 
and linear regression models were used to examine the associations of 
micronutrient status and socio-demographic characteristics. Micronutrient 
deficiencies were common, including zinc deficiency (Zn<65.0 μg/dL; 
41%), anemia (Hb<11.0 g/dL; 8%), and vitamin B12 insufficiency (vitamin 
B12<221.0 pmol/L; 30%). Coastal Ecuador had the highest prevalence of 
anemia (13%; RR: 2.46, 95% CI: 2.22-2.72, p<0.01) and zinc deficiency 
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(46%; RR: 1.32, 95% CI: 1.24-1.42, p<0.01), compared to other regions. 
Anemia was more prevalent in urban areas compared to rural settings (RR: 
1.15, CI: 1.05-1.26, p<0.01). Anemia (16%; RR: 2.32, 95% CI: 2.08-2.59, 
p<0.01), vitamin A deficiency (serum retinol<20.0 μg/dL; 25%; RR: 3.50, 
95% CI: 3.06-4.00, p<0.01) and iron deficiency (serum ferritin<12.0 μg/L; 
9%; RR: 1.75, 95% CI: 1.51-2.03, p<0.01) were more prevalent among 
children, compared to other age groups. The highest prevalence of anemia 
(16%; RR: 2.08, 95% CI: 1.76-2.46, p<0.01), vitamin A deficiency (15%; 
RR: 2.39, 95% CI: 1.89-3.00, p<0.01), and zinc deficiency (50%; RR: 
1.24, 95% CI: 1.14-1.34, p<0.01) was reported among Afro-Ecuadorians; 
the indigenous population had the highest prevalence of vitamin B12 
insufficiency (35%; RR: 1.35, 95% CI: 1.13-1.61, p<0.01). Findings 
suggest the burden of micronutrient deficiencies is high in Ecuador, 
particularly in urban and coastal settings.

443
SECRETED FILARIAL SMALL RNAS - LOCALIZATION 
IN BIOFLUIDS AND BIOMARKER POTENTIAL FOR 
ONCHOCERCIASIS

Juan F. Quintana1, Simon A. Babayan2, Benjamin L. Makepeace3, 
Alasdair Ivens1, Kenneth Pfarr4, Alexander Debrah5, Samuel Wanji6, 
David W. Taylor7, Achim Hoerauf4, Amy H. Buck1

1Centre for Immunity, Infection and Evolution, University of Edinburgh, 
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3Institute of Infection and Global Health, University of Liverpool, Liverpool, 
United Kingdom, 4Institute of Medical Microbiology, Immunology and 
Parasitology, University Hospital of Bonn, Bonn, Germany, 5Kumasi Centre 
for Collaborative Research and Kwame Nkrumah, University of Science and 
Technology, Kumasi, Ghana, 6Research Foundation in Tropical Diseases and 
Environment, Department of Life Sciences, Faculty of Science, University 
of Buea, Buea, Cameroon, 7Centre for Immunity, Infection and Evolution, 
Division of Pathway Medicine, School of Biomedical Studies, University of 
Edinburgh, Edinburgh, United Kingdom

Extracellular small RNAs, in particular miRNAs, are found in a wide variety 
of bodily fluids and have been proposed as biomarkers for diseases. 
More recently, reports have suggested that parasitic nematodes secrete 
specific miRNAs in exosomes and these can be found in serum of 
infected patients, with major implications for diagnosis and evaluation 
for treatment efficacy. We have identified microRNAs derived from three 
different filarial nematodes (Clade III): Litomosoides sigmodontis (murine 
filariasis), Onchocerca volvulus (human filariasis) and O. ochengi 
(bovine filariasis), in serum or nodule fluids obtained from their definitive 
hosts. Specifically, miRDeep revealed a total of 62 mature miRNAs from 
52 distinct pre-miRNA candidates in nodule fluids from cattle infected 
with O. ochengi of which 59 are identical in the genome of the human 
parasite O. volvulus. Six of the extracellular miRNAs were also identified 
in sequencing analyses of serum and plasma from humans infected 
with O. volvulus from endemic regions in Cameroon and Ghana. Also, 
fourteen parasite-derived miRNAs were found in mouse serum during the 
patent stage of the infection, all of which were detected in either human 
serum or bovine nodule fluid samples from endemic geographical regions 
in Cameroon. These results suggest that common miRNAs are secreted 
by filarial parasites and we have carried out an initial assessment of the 
ability of these miRNAs to detect infection in the serum of mice infected 
with L. sigmodontis, suggesting high sensitivity and specificity (80/100). 
Interestingly, among all of the secreted miRNAs described to date, whether 
in secretory-excretory products or detected in host body fluids, there are 
common secreted miRNA such as miR-71 and miRNA families including 
miR-100 and bantam, as well as specific differences across the clades. 
These results confirm the conserved nature of RNA secretion by nematodes 
and also suggest that there might be specific secreted signatures 
depending on each parasite, their life cycle, developmental stage and the 
niche that they occupy within the final host.

444
IN VIVO EFFECTS OF DRUGS USED IN LYMPHATIC FILARIASIS 
MDA PROGRAMS ON BRUGIA MALAYI IN GERBILS

Mary J. Maclean1, Ashley M. Rogers1, Eman Mostafa2, Michael T. 
Dzimianski1, Bob E. Storey1, Adrian J. Wolstenholme1

1University of Georgia, Athens, GA, United States, 2University of Zagazig, 
Zagazig, Egypt

Lymphatic filariasis threatens nearly 20% of the world’s population and 
has already handicapped one-third of the 120 million people currently 
infected, making continued control and research efforts a global health 
priority. Control is managed through mass drug administration (MDA) 
programs with three drugs: ivermectin (IVM), albendazole (ALB), and 
diethylcarbamazine (DEC), of which only ALB is well-understood. The 
lack of clarity regarding the mechanism of action of IVM and DEC is 
compounded by the disparity in results obtained in vitro versus in vivo. 
The alteration of motility is the most simple and rapid way to gauge drug 
response in vitro, making it the current standard for anthelmintic efficacy. 
In order to impair parasite motility, IVM requires drug concentrations 
orders of magnitude higher in vitro to even approach in vivo effects. 
In Brugia malayi, the IC50 for microfilariae (Mf) was 43 µM, 10,000 
times the amount of drug that clears Mf in human patients. DEC and 
ALB yielded less profound differences, with IC50 values 5.8 and 1.8 
times the peak plasma concentration. These findings, and others suggest 
that the rapid clearance of Mf observed after MDAs with IVM or DEC 
is aided by the host’s immune system. Given that in vitro experiments 
have proven to be inauthentic substitutes for studying antifilarial drug 
action, we have used an in vivo model with B. malayi in gerbils. Gerbils 
were intraperitoneally administered the infectious L3 and the worms 
allowed to develop to adulthood and begin producing Mf. They were then 
treated with 6 mg/kg DEC, 1 mg/kg ALB, or 0.15 mg/kg IVM mirroring 
human MDA dosages. Adults and Mf were collected 1 and 7 days post-
treatment and RNA was isolated for transcriptomic analysis. Preliminary 
data analyzing the effects of IVM on adult females and Mf revealed 
changes in transcripts related to muscle regulation and locomotion as well 
as those encoding muscle protein and collagen expression, suggesting 
that IVM alters filarial neuromusculature and protein secretion. Further 
analysis of the effects of IVM, ALB, and DEC in vivo will provide a better 
understanding of how these drugs clear filarial parasites.

445
MOLECULAR STUDIES OF THE PHYSIOLOGICAL ROLE OF THE 
ECDYSONE RECEPTOR IN FILARIAL PARASITES

Amruta Mhashilkar, Rays Jiang, Thomas R. Unnasch
University of South Florida, Tampa, FL, United States

A homologue of the ecdysone receptor (EcR), a master regulator of 
development in insects has previously been identified and shown to be 
responsive to 20- hydroxyecdysone (20HE) in transfected Brugia malayi. 
As the EcR is not found in vertebrate animals, it and the regulatory 
pathways it controls represent a attractive potential chemotherapeutic 
targets. In order to deduce the role the EcR plays in filarial parasites, adult 
female B. malayi were treated with 20HE in culture and microfilarial 
output and embryograms were monitored in treated and control 
parasites. RNAseq of the transcripts of adult females treated with 20HE 
was conducted to observe changes in gene expression. Proteomic 
analysis of the total protein extract of adult female worms treated with 
20HE was also conducted to observe changes in gene expression at 
a biochemical level. Females treated with 20HE ecdysone produced 
significantly more microfilaria than control worms, implicating the EcR 
in regulation of microfilarial development. RNAseq identified 30 genes 
whose expression was genes significantly upregulated in the treated 
parasites compared to untreated controls. Of these, 18% were involved 
in regulating transcription. The proteomic analysis revealed 932 proteins 
to be significantly upregulated. Of these, 384 exhibited a greater than 2 
fold difference in between the induced and uninduced parasites. A total of 
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15% of the upregulated proteins were involved in transcription regulation. 
Structural Activity Relationship (SAR) modeling was used to predict 
molecules capable of actively binding to the BmEcR. This has identified the 
diacylhydrazine family of molecules as potential agonists or antagonists of 
the receptor. These studies should assist in the development of inhibitors 
for the BmEcR that may be evaluated as potential lead compounds for 
development of a new class of drugs against the filaria.

446
WORMBASE-PARASITE: A COMPREHENSIVE, OPEN-ACCESS 
RESOURCE FOR HELMINTH GENOMIC DATA

Jane Lomax1, WormBase Consortium2

1Wellcome Trust Sanger Institute, Cambridge, United Kingdom, 2California 
Institute of Technology, Pasadena, CA, United States

WormBase-Parasite (parasite.wormbase.org) is a major new resource 
for storing, analyzing and exploring the genomes of helminth parasites. 
The public database, developed jointly by EMBL-EBI and the Wellcome 
Trust Sanger Institute, contains 97 annotated genomes from a total of 
89 helminth species. A large number of the genomes were sequenced 
as part of the International Helminth Genomes Initiative - the largest 
collection of helminth genomic data ever assembled. The majority of the 
genome assemblies in WormBase-ParaSite are as yet unpublished so this 
resource provides unprecedented access to this high quality genomic data. 
WormBase-ParaSite is based on the well-established Ensembl infrastructure 
and provides several tools for exploring and analyzing the helminth data: 
a BLAST tool for aligning sequence to multiple genomes; a BioMart data-
mining tool and Compara gene trees for comparative genomics analysis. 
We plan to add tools for the exploration of transcriptomic data for the 
next release of WormBase-ParaSite. This resource will allow researchers 
to perform critical investigations for example to identify of orthologs 
for existing drug targets, to discover new ‘druggable’ candidate genes, 
or to study the evolution of parasitic traits such as the ability to infect 
through skin. WormBase-ParaSite is closely integrated with WormBase, 
the genomic database for C. elegans and related species. Key reference 
parasitic genomes are incorporated in WormBase, as they become 
established and stable, where they are more richly curated. We welcome 
submissions from the helminth research community to gradually improve 
the phylogenetic coverage and build a robust resource for future research.

447
LOCALIZATION OF ACETYLCHOLINE RECEPTOR (ACHR) 
SUBUNIT PROTEINS IN BRUGIA MALAYI GAMETES AND 
EARLY EMBRYOS

Benwen Li, Amy H. Rush, Gary J. Weil
Washington Universtiy School of Medicine, St. Louis, MO, United States

AChRs are required for body movement in nematodes, and they are 
targets of several “classical” drugs that have been used to treat nematode 
parasite infections. We have recently reported that AChR subunit genes 
are highly expressed in reproductive tissues and muscle in Brugia malayi 
male and female adult worms and suggested that this may partially explain 
effects of drugs such as levamisole on worm reproduction. We now report 
results of parallel protein localization studies for AChRs. Anti-peptide 
antibodies to AChR subunit proteins Bm-unc-29 and Bm-acr-26 were 
used to localize the proteins in histological sections of B. malayi adult 
worms. Both of these proteins were detected in oocytes in the ovary and 
in early embryos (morulae through early pretzel stages) in females. The 
proteins were also present in spermatogonia and spermatocytes in the 
male testis. The uterus wall adjacent to stretched microfilariae (Mf) and the 
vas deferens adjacent to mature sperm were also strongly labelled by the 
anti-peptide antibodies. However, the uterus wall adjacent to developing 
embryos was not labeled. These results support the hypothesis that AChRs 
are involved in gameteogenesis and early embryo development and that 
they are also involved in the release of Mf and mature sperm. While the 
latter findings are consistent with neuromuscular signaling for Mf and 

sperm release, there are no nerves in oocytes or spermatogonia, and 
early embryos are not motile. Since acetylcholine has been shown to be 
a paracrine signaling molecule in several systems, the presence of AChR 
subunit proteins in germ line cells and in early embryos suggests that 
ACh may have an autocrine or paracrine function in filarial worms that 
promotes gametogenesis and growth of early embryos.

448
BIOINFORMATIC IDENTIFICATION OF NEW DNA 
BIOMARKERS FOR LOA LOA INFECTION SUITABLE FOR 
LOOP-MEDIATED ISOTHERMAL AMPLIFICATION

Catherine B. Poole1, Laurence Ettwiller1, Nathan A. Tanner1, 
Yinhua Zhang1, Thomas C. Evans Jr.1, Samuel Wanji2, Clotilde K. S. 
Carlow1
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Loa loa infections have emerged as a serious public health problem 
because of severe adverse neurological reactions in patients after 
treatment with ivermectin for onchocericasis or lymphatic filariasis. 
This necessitates the need for careful mapping of L. loa, O. volvulus 
and Wuchereria bancrofti infections in regions were these parasites 
are co-endemic. Loop-mediated isothermal amplification (LAMP) has 
become a widely adopted screening method because of its operational 
simplicity, rapidity and versatility of visual detection readout options. 
Previous publications have described LAMP assays for L. loa using targets 
developed for PCR. In this study, we present a LAMP and the development 
of a species-specific LAMP assay for L. loa. This pipeline identified 
~140 new L. loa specific DNA repeat families as putative biomarkers 
of infection. The consensus sequence of one of these, repeat family 4 
(RF4), was compiled from ~ 350 sequences dispersed throughout the L. 
loa genome. PCR and LAMP primers sets targeting RF4 only amplified L. 
loa and not W. bancrofti, O. volvulus, B. malayi, human or mosquito 
DNA. Using turbidity as the readout, RF4 LAMP detects as little as 0.060 
pg of L. loa DNA (~1/1600th of mf) purified from spiked blood samples 
in ~ 50 minutes, well within the 60 minute cut off time for the assay. The 
equivalent of one mf worth of DNA (100 pg) was consistently detected by 
RF4 LAMP in 25-30 minutes. In summary, we have successfully employed 
a bioinformatics approach to mine the L. loa genome for species-specific 
repeat families that could serve as biomarkers for LAMP. The species-
specificity and sensitivity of the RF4 LAMP assay suggests that it shows 
promise as a field tool for the implementation and management of MDA 
programs and warrants further testing on clinical samples as the next 
stage in development towards this goal.

449
POPULATION GENOMICS ESTIMATES HISTORICAL 
PREVALENCE OF WUCHERERIA BANCROFTI POPULATIONS

Scott T. Small1, David Serre2, Peter A. Zimmerman1

1Case Western Reserve University, Cleveland, OH, United States, 2Cleveland 
Clinic Foundation, Cleveland, OH, United States

To assess the progress of elimination we must first have a reference point 
for comparison. For Wuchereria bancrofti (Wb), elimination programs 
are recent. Therefore, there is an absence of past prevalence data for many 
newly mapped endemic areas. Without a reference measure it is difficult 
to evaluate elimination progress in light of stochastic fluctuations. We 
present a solution whereas we utilize population genomic models to infer 
the past demography of Wb populations in regions currently undergoing 
elimination. We apply the Pairwise Sequential Markovian Coalescent 
(PSMC) model to reconstruct infection history from a single Wb genome. 
We then use a more recent, multi-genome, version of PSMC to resolve 
more recent demography, closer to the start of elimination programs. 
Our methods demonstrate that information critical to Wb elimination 
can be obtained from a very small investment. Our results determine that 
Wb populations in Papua New Guinea were in decline before human 
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intervention, possibly as early as 500 AD. With population genomics 
we now have a metric for which to compare the progress of any future 
elimination program.

450
IMPACT OF COMMUNITY DIRECTED TREATMENT WITH 
IVERMECTIN ON FOREST TYPE OF ONCHOCERCIASIS IN 
TANZANIA, EAST AFRICA: FROM CONTROL TO ELIMINATION

Afework H. Tekle
World Health Organization/APOC, Ouagadougou, Burkina Faso

Onchocerciasis is a public health problem in Tanzania and ivermectin mass 
drug administration has been used to control the disease since 1994. After 
evidence from Mali and Senegal showed that onchocerciasis elimination 
can be achieved in Africa by ivermectin mass treatment, Tanzania shifted 
its target from control to elimination by 2020. However, more empirical 
evidence is required to understand where and when onchocerciasis 
elimination can be achieved by ivermectin mass treatment and how that 
depends on the pre-control endemicity level, achieved coverage in mass 
drug administration programmes and the duration of mass treatment. 
Here, we present empirical data from epidemiological evaluation carried 
out in seven onchocerciasis foci in Tanzania, located four regions. These 
foci had received 9 to 12 years of ivermectin treatment with more 
than an average of 75% reported coverage. Per focus we selected 10-
20 communities, based on their high pre-control endemicity level and 
proximity to vector breeding sites of the rivers. Mf prevalence and intensity 
were measured in through skin snips in all individuals aged 5 years and 
older who consented to the procedure. In total 23,638 individuals from 
132 communities were examined. Based on the extensive epidemiological 
evaluation conducted and the statistical significance testing made during 
analysis, focal onchocerciasis infection elimination might already have been 
achieved in three of the seven foci evaluated namely Tanga, Tukuyu and 
Tunduru, although interruption of transmission remains to be confirmed 
by additional epidemiological surveys and/or entomological evaluations. 
Infection levels were still high in Mahenge and Kilosa foci. However, 
due to poor implementation of mass drug administration in some the 
evaluated foci onchocerciasis is still highly prevalent which might need an 
alternative strategy to accelerate elimination in Tanzania. This will guide 
the policy decision and next steps to achieve elimination of onchocerciasis 
by 2020 in Tanzania.

451
ONCHOCERCIASIS: SHIFT FROM CONTROL TO ELIMINATION- 
VECTOR CONTROL SHALL NOT REMAIN UNDER A BUSHEL!

Moses N. Katabarwa, Frank Richards
The Carter Center, Atlanta, GA, United States

A little more than two decades ago, the approach to human 
onchocerciasis control was to attack the Simulium sp. vector through 
large scale and expensive aerial spraying, executed in the well-known 
Onchocerciasis Control Program (OCP) of West Africa. Larviciding was 
aimed at reducing vector densities to levels where transmission of the 
disease was eliminated and in some East Africa foci where it achieved 
local vector elimination. With the discovery of the drug ivermectin 
(Mectizan®) in 1987, there began a shift from vector control to annual 
mass treatment with ivermectin for onchocerciasis control that began with 
the launching of APOC in 1996, and culminated in the closure of OCP in 
2002. APOC, with some small exceptions in Equatorial Guinea, Tanzania 
and Uganda, was focused on the Community Directed Treatment with 
Ivermectin (CDTI), where community volunteers are trained and utilized 
to treat their respective community members. It seems that since the 
establishment of APOC “vector control” become a “forbidden” term 
among polite onchocerciasis circles. Recently however vector control has 
been resurrected with the stated goal of attaining elimination in most 
of Africa by 2025. Vector control directed against Simulium larval stages 
through ground larviciding using WHO approved and environmentally 

safe insecticides was successful in eliminating S. yahense in Bioko Island, 
Guinea Bissau, S.neavei in 2003 and 2008 in Itwara and Mt. Elgon foci 
of Uganda respectively. It is also an important way forward in areas 
of onchocerciasis transmission that have concomitant Loa loa hyper-
endemicity. Vector control encourages best practices in mapping breeding 
sites and defining clearly transmission zones and transmission seasons 
while focusing on elimination efforts in geographic areas where the 
resources are needed. Ground larviciding can be done at an affordable 
level by endemic countries and their partners in many instances, thus 
accelerating transmission interruption. The era of vector control taboo 
is gratefully over; it must be considered as a complementary tool for 
accelerating onchocerciasis elimination.
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EVALUATION OF ONCHOCERCIASIS STATUS IN SIXTEEN 
SELECTED CDTI ENDEMIC VILLAGES IN EDO, ENUGU AND 
DELTA STATES NIGERIA 2014
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We conducted an evaluation of the status of Onchocerciasis control in 16 
villages (10 random and 6 Sentinel)April 2012 and April, 2014 after 19 
years of annual mass drug administration - MDA, During the survey,1,203 
persons aged 2 - 82 years were interviewed and examined for clinical 
Onchocerciasis, microfilaria - mf and 741 persons for ocular disease. We 
interviewed 16 village heads, 170 heads of households, 32 community 
directed distributors - CDDs and 10 health workers on CDTI. Entomological 
study in 6 sentinel villages, 6,695, S. damnosum s.l were examined by 
Polymerase chain reaction (PCR). We found mean skin mf (40.2% mf) 
in 10 random villages(p<0.001) and 12.9% in 6 sentinel villages, all age 
groups affected, increasing with age and highest for age 50+ (49.3%) 
p<0.05. Community microfilaria load was above 0 mf/mg skin and highest 
in Utesse (1.8mf/mg skin). Notably, 60% of random villages were excluded 
from CDTI as hypo-endemic but showed evidence of onchocerciasis 
transmission of skin mf (33%), (29%)nodules with viable embryonic 
mf in utero and live male worms (9.5%). PCR showed infective O. 
volvulus mf L3 in the head in two villages (Oke, 5.8/10,000 and Idumogo, 
30.7/10,000). Children <10 were found to have mf in skin (1.4%) p<0.01. 
Low therapeutic (49.5%) and low geographic (74%) coverage rates 
were observed indicative of failed CDTI. Few CDDs per village in random 
villages(1: 5,207), community involvement (54%) and willingness (60%) 
in contrast to the 6 sentinel villages (100%). Government funding was 
zero resulting in poor supervision. However, ocular and clinical skin lesions 
significantly reduced or not found. We concluded that Onchocerciasis 
prevalence following ivermectin has significantly reduced but the disease 
transmission is still ongoing. Villages considered hypo-endemic were found 
to be transmitting onchocerciasis. This is indicative of failed CDTI based on 
ONCHOSIM model. There is need to urgently modify current APOC/CDTI 
implementation strategy, conduct entomological assessments and adopt 
twice annual MDA in high transmission zones
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The Democratic Republic of Congo (DRC) is endemic for a variety of 
filarial infections. In 2014, surveys were undertaken in 13 sites (villages) 
to provide baseline data for the national lymphatic filariasis (LF) program. 
During the daytime 300 to 500 people in each site were tested using 
immuno-chromatographic tests (ICT) and filarial test strips (FTS). Nighttime 
capillary blood samples were then drawn only from participants who 
tested positive for LF antigenemia (by ICT and/or FTS). The smears were 
stained, fixed and examined microscopically. Antigenemia was detected 
in 319 individuals from 8 sites, with microfilarial (mf) parasites being 
visualized in 129 of the 319 (40.4%) - 86 with Wuchereria bancrofti 
(Wb), 72 with Mansonella perstans, 7 with M. sterptocerca and 3 with 
Loa loa. The only co-infections identified microscopically were between 
Wb and M. perstans (30 individuals or 34.9% of those with Wb mf), 
but since the 43 other individuals with non-Wb mf were also ICT and/
or FTS-positive, it is likely that they too were co-infected since many 
individuals with Wb infection are amicrofilaremic. The median intensity 
of infection for Wb was 2004 mf/µl (range 33.4- 12558.4), 517.7 mf/
µl (range 33.4-25818.2) for M. perstans, 116.9 mf/µl (range 50.1-183.7) 
for M. streptocerca and 2054 mf/µl (range 492 - 4108.2) for L. loa. In 
the context of these multiple filarial infections, the identification of Wb 
infections is programmatically challenging. Heavy M. perstans infections 
can obscure Wb mf in night-blood exams; and even the generally diurnally 
periodicic L. loa and the ‘subcutaneous’ mf of M. streptocerca could be 
found in nighttime blood smears. While diagnosis of Wb is most effectively 
made by ICT or FTS antigen detection, determining exactly how mass drug 
administration for LF should be implemented in the complex environments 
of DRC may require not only antigen detection but also the assistance of 
specific antifilarial antibodies as well.
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MAPPING THE DISTRIBUTION AND ENVIRONMENTAL 
DRIVERS OF LOA LOA IN NIGERIA: PREPARING FOR THE 
SCALE UP OF INTERVENTIONS AND ELIMINATION OF 
LYMPHATIC FILARIASIS AND ONCHOCERCIASIS

Patricia N. Okorie1, Michelle C. Stanton2, Louise A. Kelly-Hope2
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The distribution of Loa loa filariasis (also loiasis or tropical eye worm) 
in Nigeria is potentially a major obstacle to the elimination of lymphatic 
filariasis (elephantiasis) and onchocerciasis (river blindness) due to the 
risk of severe adverse events associated with the standard drug regime 
including ivermectin. Understanding the distribution and environmental 
drivers of the L. loa parasitic disease transmitted by the forest Chrysops 
spp. may help to predict high risk co-endemic areas, and where alternative 
treatment strategies are required to interrupt transmission of lymphatic 
filariasis (caused by Wuchereria bancrofti, transmitted by Anopheles 
spp. mosquitoes), and onchocerciasis (caused by Onchocerca volvulus, 
transmitted by riverine Simulium spp). This study aimed to develop a 
historical L. loa database for Nigeria from all available public scientific 

sources, including information on the location, time period, vector, 
diagnostic methods and prevalence of infection of microfilaria or history 
of eyeworm. All data were geo-referenced and mapped to identify high 
risk areas, and data on climate, vegetation, land cover and river systems 
examined. The results to date include more than 40 publications since 
the year 1910, and encompass more than 200 data points, in over 130 
study sites across 19 states and five zones of the country. The majority of 
data were found in the southern region of the country, with Chrysops 
silacea and C. dimidiata as main vectors. Parasitological examination of 
blood films for microfilaria were the main diagnostic method until the last 
decade where the new Rapid Assessment Procedure for loiasis (RAPLOA) 
has been used. Prevalence varied across geographical areas, and was more 
predominant in the tropical forested areas. Detailed environmental analysis 
is currently underway and will be presented and discussed. This extensive 
L. loa database will be a critical resource to the lymphatic filariasis and 
onchocerciasis elimination programmes. It will help to predict problems 
areas and where alternative strategies such as different drug regimes and 
vector control can be implemented safely and effectively.
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BEYOND MASS DRUG ADMINISTRATION: IDENTIFYING 
OPTIMAL DIAGNOSTIC TOOLS FOR LYMPHATIC FILARIASIS 
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Significant progress has been made toward the global goal to eliminate 
lymphatic filariasis (LF). Many LF endemic countries have implemented 
successful mass drug administration (MDA) programs and have stopped 
MDA in some areas based on reduced infection in children, including 
Ghana and the Philippines. Post-treatment surveillance (PTS) guidelines 
include a recommendation to detect new foci of transmission using 
available diagnostic tools, including antigen and antibody tests. While 
antigen tests (ICT) are widely used, the utility of antibody tests for 
monitoring LF transmission has not been well-defined. In order to define 
optimal strategies for the use of antibody tests for PTS, it is necessary 
to have a better understanding community-wide clearance of antibody 
responses following MDA. To characterize antigen and antibody responses 
post-MDA, samples from Ghanaian adults (15-45 years) and individuals 
from the Philippines (4-85 years) were tested by ICT and two LF ELISAs 
(Wb123, Bm14). For both countries, ICT prevalence was below 2%, the 
threshold that warrants MDA (Ghana – 10/988 (1.0%); Philippines – 
10/1153 (0.9%)). Overall Wb123 antibody prevalence was low (Ghana 
– 5/749 (0.7%); Philippines – 34/1131 (3.0%)) but increased with age 
in the Philippines where > 90% of positive individuals were ≥20 years 
of age. Of the samples that were also tested for Bm14 antibodies, the 
prevalence of Bm14 was higher than Wb123 (Ghana – 39/96 (40.6%); 
Philippines – 38/118 (32.2%)). There was no correlation between ICT and 
antibody positivity to either Wb123 or Bm14. Additional samples from 
both countries are currently being analyzed by Bm14 ELISA. The observed 
difference between Wb123 and Bm14 results suggests a lower sensitivity 
for Wb123 compared to Bm14 antibodies post-MDA, perhaps indicative 
of a more rapid clearance of Wb123 antibodies. These results may have 
implications for selecting the optimal tool to monitor incident infections 
in young children, but strategies to monitor the decline in antibody 
prevalence in adult populations may be appropriate for PTS.
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Lymphatic filariasis (LF) is responsible for severe disabilities across the 
world, especially because of lymphedema. Although immune factors 
were identified to explain the development of lymphedema in infected 
individuals, few studies have investigated the genetic susceptibility to 
infection. To assess familial aggregation and heritability of Wuchereria 
bancrofti infection, we conducted a study in a village of the Republic 
of Congo. Pedigree was built for 829 individuals (broken down in 
267 households and 36 families) from which 143 were positive at the 
immunochromatographic card test (prevalence: 17.3%) and 44 (5.3%) 
had W. bancrofti microfilariae (mf). Analyses were adjusted on individual 
risk factors for LF (age, sex, outdoor activities, usage of bednet) and 
for environmental factors (eg: distance between house and nearest 
river), and accounted for possible household effect. Patterns of familial 
aggregation, assessed using S.A.G.E. software, showed that the presence 
of antigenemia was very slightly but significantly correlated within families 
(0.06 < r < 0.10; with 0.001 < P-value < 0.013). Regarding microfilaremia, 
correlation values were much higher: r = 0.45 between fathers and sons 
(P-value = 0.013), r = 0.78 between mothers and sons (P-value = 0.034), 
and r = 0.94 between fathers and daughters (P-value < 0.001). Heritability 
was estimated using SOLAR software. Genetic factors explained 13% 
(P-value = 0.226), 61% (P-value = 0.166) and 51% (P-value = 0.048) 
of variation in the presence of antigenemia, presence of mf, and in mf 
density, respectively. Household effect was never found significant. Our 
results show that the acquisition of W. bancrofti infection (as assessed 
by antigenemia) barely depends on genetic factors and is thus mainly due 
to exposure factors. However, both the presence of mf and variation in 
W. bancrofti mf density seem significantly influenced by genetic factors. 
Additional genetic studies are needed to confirm this finding.
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HUMAN ONCHOCERCIASIS: MODELLING THE POTENTIAL 
LONG-TERM CONSEQUENCES OF A VACCINATION PROGRAM
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Currently, the predominant onchocerciasis control strategy in Africa 
is annual mass drug administration (MDA) with ivermectin. However, 
there is a consensus among the global health community, supported 
by mathematical modelling, that onchocerciasis in Africa will not be 
eliminated within proposed time frameworks in all endemic foci with 
only annual MDA, and that novel and alternative strategies are urgently 
needed. Furthermore, use of MDA with ivermectin is already compromised 
in large areas of central Africa co-endemic with loiasis and there are 
areas where suboptimal or atypical responses to ivermectin have been 
documented. An onchocerciasis vaccine would be highly advantageous in 
these areas. We used a previously developed onchocerciasis transmission 
model (EPIONCHO) to investigate the impact of vaccination in areas 
where loiasis and onchocerciasis are co-endemic and ivermectin is 
contraindicated. We also explore the potential influence of a vaccination 

programme on infection resurgence in areas where local elimination 
has been successfully achieved. Based on the age range included in 
the Expanded Programme on Immunization (EPI), the vaccine was 
assumed to target 1 to 5 year olds. Our modelling results indicate that 
the deployment of an onchocerciasis vaccine would have a beneficial 
impact in onchocerciasis-loiasis co-endemic areas, markedly reducing 
microfilarial load in the young (under 20 yr) age groups. An onchocerciasis 
vaccine would reduce the onchocerciasis disease burden in populations 
where ivermectin cannot be administered safely. Moreover, a vaccine 
could substantially decrease the chance of re-emergence of Onchocerca 
volvulus infection in areas where it is deemed that MDA with ivermectin 
can be stopped. Therefore, a vaccine would protect the substantial 
investments made by present and past onchocerciasis control programmes, 
decreasing the chance of disease recrudescence and offering an important 
additional tool to mitigate the potentially devastating impact of emerging 
ivermectin resistance.
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The development of human immunity to soil-transmitted helminths 
remains poorly understood despite their widespread endemicity in tropical 
and subtropical countries. Infected individuals in endemic areas do not 
appear to develop fully protective immune responses, and the factors 
driving possible partial immunity acquired are unclear. With the increasing 
number of endemic countries introducing school-based deworming 
programs, there is a need to understand the effect of anthelminthic 
treatment on immune responses to helminths, not only in school-age 
children but also in younger and older members of the treated community. 
This study investigates both the development of humoral immunity 
against Ascaris lumbricoides and hookworm in an endemic community, 
and the effect of school-based and community-based anthelminthic 
treatment on antibody responses. The study took place in 2014 in four 
villages of Bungoma County, Western Kenya, where annual school-based 
deworming has been taking place since 2012. Stool and finger-prick 
blood samples were collected from over 1300 individuals aged 2 to 88 
years, before and three months following community-wide treatment with 
400mg albendazole. Parasite egg counts were obtained using Kato-Katz 
thick smears and antibody seroprevalence was measured by enzyme-
linked immunosorbent assay (ELISA). Prevalence of A. lumbricoides and 
hookworm infections was 7.3% and 6.2%, respectively, at study baseline, 
and 2.6% and 2.0% at follow-up. Individual antibody profiles against A. 
suum haemoglobin (AsHb) and Necator americanus larval (Na-ASP2) 
and adult (Na-SSA-2) antigens were obtained and analysed by age-group, 
village and population level. Correlations between antibody seroprevalence 
and intensity of soil-transmitted helminth infection were investigated 
at both sampling time-points, taking into consideration a series of 
confounding factors including malaria co-infection and socio-economic 
and hygiene and sanitation ranks. Changes in antibody seroprevalence 
levels post community treatment with albendazole were also investigated, 
with particular emphasis on differences between age-groups.
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Women of reproductive age are considered a high-risk group for soil-
transmitted helminth (STH) infections. A randomized placebo-controlled 
trial on maternal postpartum deworming with single-dose 400 mg 
albendazole is currently underway in Iquitos, Peru. In order to evaluate re-
infection rates, stool specimens were collected six months after treatment 
allocation. In a substudy of participants, stool specimens were analyzed 
by both the Kato Katz (KK) and mini-FLOTAC (MF) methods. The aim 
of this substudy was to compare the diagnostic accuracy of the World 
Health Organization recommended quantitative diagnostic method, KK, 
to the MF method. All laboratory personnel were blinded to the results 
of the other test, using a code switching technique. Eggs per gram of 
stool were calculated for each species using a multiplication factor of 24 
for KK and 10 for MF. The total number of positive specimens detected 
by either method was taken as the diagnostic reference standard for 
each parasite species. Of the 306 women screened for STH infections, 
41% were found to be positive for at least one of the helminth species, 
using either diagnostic method (17% Ascaris, 34% Trichuris, and 7% 
hookworm). The KK method had a higher sensitivity compared to MF for 
Ascaris (98% vs. 81%), and hookworm (90% vs. 60%), but not Trichuris 
(84% vs. 91%), though these differences were not statistically significant. 
The strength of the agreement (k Cohen coefficient) between the two 
methods was high, ranging from 0.86 for Ascaris, 0.80 for Trichuris, and 
0.65 for hookworm. The KK method diagnosed a statistically significant 
higher number of eggs for all three helminth species compared with MF. 
These results contribute to the on-going discussion of which diagnostic 
method is optimal for assessment of STH prevalence and intensity in field 
conditions.
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Soil-transmitted helminth (STH) infections, specifically Ascaris, Trichuris, 
and Hookworm, compose three of the most prevalent Neglected Tropical 
Diseases, infecting over a billion people worldwide. Recurrent childhood 
STH infections have been shown to cause stunted physical growth, 
reduced physical fitness, and decreased school performance. Ascaris 
and Trichuris are of notable interest, given their abrupt decline from 
a peak prevalence and intensity in pre-adolescence to adulthood, with 
little published works evaluating the possible underlying immunological 
mechanism in human. We used modern molecular techniques to (a) 
determine the burden of disease and (b) evaluate the immune profile of 
30 adolescents and 51 adults between the ages 13-45, in rural Honduras, 
endemic for Ascaris and Trichuris. Using quantitative PCR of DNA 
extracted from stool we quantified the burden of disease of both Ascaris 
and Trichuris. Positive samples were stratified into groups based on the 

degree of infection, and controlled for with samples positive for 6 other 
common gastrointestinal parasites: Necator americanus, Ancylostoma 
duodenale, Entamoeba histolytica, Strongyloides stercoralis, 
Giardia lamblia, and Cryptosporidium parvum. Each group was 
immunologically characterized for serum Th1, Th2, and Th17 cytokines 
using LUMINEX analysis. Further immunological work-up was done using 
ELISA analysis to identify Trichuris and Ascaris specific IgG, IgM, and IgE 
antibodies. Select putative serum to Trichuris and Ascaris may be used to 
screen vaccine antigen candidates. Results from this pilot study identify the 
basic serum immune profile associated with protection against Ascaris and 
Trichuris and serve as the foundation for a second, more comprehensive 
study.
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The majority of countries endemic for soil-transmitted helminths are 
now implementing mass drug administration programmes, either as 
part of school-based deworming (SBD) efforts or lymphatic filariasis 
control programmes. MDA implementation happens however in a 
heterogeneous social and economic environment, so that the success 
of STH treatment programmes will vary according to the context. 
The impact of STH treatment programmes on reducing infection and 
reinfection is theoretically influenced by a variety of factors, including: 
drug efficacy, treatment coverage, and intensity of transmission, which 
itself is influenced by climate and levels of water, sanitation and hygiene 
(WASH). Based on data from the national SBD programme in Kenya, 
we describe the heterogeneity in programme impact and investigate 
the influence of contextual factors. Indicators of the domains STH 
epidemiology, capacity to deliver treatment, operational feasibility and 
financial capacity were developed based on open access data and basic 
school WASH questionnaires. Associations of these variables with relative 
prevalence and intensity reductions were investigated using mixed effects 
linear regression analysis at the school-level. Our findings demonstrate 
that relative prevalence and intensity reductions for Ascaris lumbricoides 
and hookworms varied significantly by county (equivalent to district) and 
within counties by school. Multivariable analysis of factors associated 
with programme impact showed evidence for a higher reduction of A. 
lumbricoides among schools with ventilation improved pit (VIP) latrines 
compared to pit latrines and among schools located in areas with a higher 
land surface temperature. Whereas, higher hookworm reductions were 
found among schools in locations with higher community-level access to 
improved sanitation. In conclusion, this study demonstrated the influence 
of contextual factors on the implementation of deworming programmes 
and highlights the importance of improved sanitation in support of 
deworming efforts.
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The human roundworm Ascaris lumbricoides infects some 800 million 
people in the developing world. Standard diagnostic tests for ascariasis 
depend on detection of parasite eggs in stool samples. This technique has 
some important limitations in terms of both application and interpretation. 
A new antibody test has recently been developed for detecting Ascaris 
infections in domestic pigs using A. suum hemoglobin antigen (AsHb). 
Since Ascaris worms in humans and pigs are very similar, the objective of 
this study was to evaluate the diagnostic value of native and recombinant 
AsHb for community diagnosis of human ascariasis. Initial results showed 
that humans living in an endemic area in Indonesia had high rates of 
IgG4 antibodies to AsHb. Antibody rates and titers significantly decreased 
in the community following two annual rounds of mass treatment with 
albendazole. Unfortunately, further studies showed that sera from patients 
with hookworm infections contain cross-reactive antibodies to AsHb. 
Interestingly, antibodies in Ascaris and hookworm infection sera do not 
bind to recombinant AsHb produced in E. coli or to AsHb after treatment 
with PNGaseB. This suggests that the antibodies bind to carbohydrate 
epitopes. This study has provided a proof of principle that antibody testing 
may be useful for monitoring the effects of deworming programs in 
communities. While antibodies to shared carbohydrate antigens may have 
some value, we are now searching for antigens that can provide species-
specific diagnoses.
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PERSISTENCE OF HIGH PREVALENCE OF SOIL TRANSMITTED 
HELMINTHS IN CHILDREN IN SUBURBAN AREA OF DAKAR 
SENEGAL, DESPITE MASS DE-WORMING STRATEGIES

Doudou Sow
Parasitology-Mycology/UCAD, Dakar, Senegal

Soil-transmitted helminths are the most widespread Neglected Tropical 
Diseases (NTDs). Senegalese ministry of health has implemented mass 
drug administration with mebendazole and albendazole since 2006 as per 
recommended by WHO. This study aimed to describe the burden of these 
diseases among children several years after the scale up of these strategies. 
A retrospective study was conducted in a pediatric clinic in a hospital 
located in suburban area of Dakar, Senegal between March and December 
2013. Stool samples from children under 15 years old attending hospital, 
were collected and examined by microscope using the modified Ritchie 
concentration techniques. For each child, hematologic parameters and 
nutritional status were also assessed. Out of 402 children surveyed, 207 
(53.9%) were infected with one or more species of intestinal parasites. The 
prevalence rate was 120 (55.3%) for male and 97 (44.7%) for female. The 
prevalence was high (43.7%) in age group of 1-5 years compared to other 
age group. Infections with soil-transmitted helminths were more important 
(65.9%) compared to protozoan (18.4%). Ascaris lumbricoides was the 
predominant isolate (34.1%), followed by Trichirus trichiura (22.5%) and 
Giardia intestinalis (9.6%). Among the 140 (64.5%) infected children with 
anemia, 23 (16.4%) presented severe anemia with hemoglobin level below 
8g/l. Severe stunting was also noted in 35 (15.6%) infected patients. 
Prevalence of soil-transmitted helminths remains high among children in 
suburban area despite the mass de-worming strategies. So, it’s urgent to 
conduct more epidemiological survey in these areas to assess the impact of 
the mass drug administration.
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Gastrointestinal parasites infections represent one of the major public 
health problems in the world. Therefore, appropriate innovative tools 
for clinical diagnosis and epidemiological investigations are needed for 
assessing interventions to control these infections. This study aimed to 
compare the performance of real time PCR (qPCR) systems to microscopic 
examination in the detection of intestinal parasites.One hundred fecal 
samples were collected from patients and control groups attending 
Senegalese hospitals. Microscopic examination was made on fresh stool 
samples, after modified Ritchie and modified Ziehl Neelsen concentration 
techniques. Species-specific primers/probes were used for 21 common 
gastrointestinal protozoans and helminths. Positive frequency, sensitivity 
and specificity of each qPCR system were compared to conventional 
microscopic examination. Real-time PCR was positive in 37 of 103 samples 
(35.9%) for 18 parasite species tested while microscopic examination was 
positive in 19 (18.4%) samples (p < 0.05). QPCR enabled to identify 30 
single infections and 7 multiples infections. Among the most detected 
protozoa, comparative results between qPCR and microscopy showed 
respectively 12 positive cases (11.6%) vs 7 (6.8%) for Giardia intestinalis, 
3 (2.9%) vs 1 (0.9%) for Entamoeba histolytica and 4 (3.8%) vs 0 
(0.0%) for Dientamoeba fragilis. In helminths group, the number of 
positive cases by qPCR vs microscopy for the most detected parasites was 
respectively at 8 (7.7%) vs 5 (4.8%) for Trichuris trichiura, 4 (3.8%) vs 1 
(0.9%) for Taenia saginata and 3 (2.9%) vs 0 (0.0%) for Strongyloides 
stercoralis. Considering results obtained by both methods as gold 
standard, overall sensitivity and specificity of qPCR were at 90.2% and 
100% respectively.QPCR seems to be superior to microscopic examination 
for the detection of protozoan and helminths in stool samples. However, 
these are preliminary results which should be confirmed during next steps.

468
IMPROVEMENT OF REAL-TIME PCR DIAGNOSIS OF 
TRICHURIS TRICHIURA USING ETHANOL PRESERVED STOOL 
SAMPLES AND A BEAD-BEATING PROCEDURE

Lisette van Lieshout1, Maria M. Kaisar1, Eric A. Brienen1, Yenny 
Djuardi2, Maria Yazdanbakhsh1, Jaco J. Verweij3, Taniawati Supali2
1Leiden University Medical Center, Leiden, Netherlands, 2University of 
Indonesia, Jakarta, Indonesia, 3St. Elisabeth Hospital, Tilburg, Netherlands

Real-time PCR has proven to be a highly specific and comparatively 
sensitive tool in the detection of virtually all clinically relevant stool 
parasites, with the exception of Trichuris trichiura. The robustness of 
the eggs seems the most likely cause of diminished DNA yields for this 
helminth. Here we evaluated different sample preparation procedures 
in order to optimize PCR-based detection of T. trichiura. Stool samples 
(n=60) from a T. trichiura endemic community were used to compare four 
different sample preparation procedures. All samples were microscopically 
examined for intestinal helminths, while two aliquots were taken for 
DNA detection. One aliquot was frozen directly without preservation; the 
other was mixed with 96% ethanol. After transportation to a centralized 
laboratory, the present ethanol was washed away. Thereafter a bead-
beating procedure was performed and compared to non-beating controls. 
DNA isolation was done using a spin column-based method followed by 
multiplex real-time PCRs for the detection of six helminth species and 
four protozoa. T. trichiura DNA could be detected in 40% of the directly 
frozen samples using the standard procedure. Higher detection levels 
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were found by microscopy (45%), ethanol preservation (45%), bead-
beating (52%) and the combination of the latter two (55%). A significant 
correlation was seen in all used procedures between microscopy egg 
counts and the PCR cycle threshold (Ct) value, representing the detected 
parasite DNA load. At the same time Ct-values decreased significantly 
with the combination of ethanol preservation and bead-beating, reflecting 
increased efficiency of the DNA isolation. The various procedures hardly 
influenced the detection rate of the other parasites present, being Ascaris 
lumbricoides (≈60%), Necator americanus (≈60%), Dientamoeba 
fragilis (≈50%) and Giardia lamblia (≈12%). In this study we showed 
that preservation of stool samples using 96% ethanol in combination with 
a bead-beating step before DNA extraction is performed, improves the 
DNA yield of T. trichiura without hampering the real-time PCR detection 
levels of other intestinal parasites.

469
FACTORS ASSOCIATED WITH NATIONAL DEWORMING 
COVERAGE OF SCHOOL-AGE CHILDREN FOR SOIL-
TRANSMITTED HELMINTHIASIS

Eric Strunz, Alex Jones, David Addiss
Children Without Worms, Decatur, GA, United States

The World Health Organization (WHO) has established a target of 
providing preventive chemotherapy (PC) for soil-transmitted helminthiasis 
(STH) to at least 75% of at-risk school-age children (SAC) in each endemic 
country by 2020. According to World Health Organization, 29 of 106 
endemic countries reached or surpassed this threshold in 2013. To identify 
factors associated with higher PC coverage in SAC, we compared national 
treatment data from the WHO Preventive Chemotherapy Databank with 
indicators for economic development, health systems, infrastructure, 
school enrollment, and related programmatic metrics (e.g., coverage of 
preschool children). We categorized countries into two groups by reported 
coverage, with 28 countries reaching at least 75% of at-risk SAC and 
27 reaching fewer than 75%. Coverage data were not available for 51 
endemic countries. Considering endemic countries by WHO region, 26% 
(11/42) of Africa, 25% (6/24) of the Americas, 50% (4/8) of South-East 
Asia, 13% (1/8) of the Eastern Mediterranean, 25% (2/8) of Europe, 
and 27% (4/15) of the Western Pacific achieved at least 75% coverage. 
Compared to countries reporting <75% coverage, countries with ≥75% 
coverage had a 11% higher average per capita gross domestic product 
($4848 vs. $4384) and 53% higher physician density (0.65 doctors per 
thousand people vs. 0.42). Countries with higher coverage for SAC also 
reported much higher coverage for preschool-age children as well (57% 
vs. 8%), suggesting underlying factors may be linking performance for 
both metrics. Other metrics, such as net school enrollment and access to 
improved sanitation, differed by <10% for both groups. While only limited 
causal insights can be drawn from this descriptive exploration, our findings 
highlight the need for a more rigorous longitudinal analysis that considers 
a wide range of indicators and programmatic variables, some of which 
may not be readily available. These results also underscore the potential 
value of improving the detail of treatment data, which could help identify 
predictors of success as the global community strives to cover 75% of 
children by 2020.

470
DELINEATING THE REGULATION AND FUNCTION OF HUMAN 
RESISTIN USING TRANSGENIC MICE AND CLINICAL SAMPLES 
FROM SOIL-TRANSMITTED HELMINTH INFECTIONS

Meera G. Nair
University of California Riverside, Riverside, CA, United States

Resistin-like molecules (RELM) belong to a family of secreted proteins 
that are expressed in multiple helminth infections with important effects 
on the host immune response. However the importance of human RELM 
proteins in helminth infections is less well understood. To investigate 
this, we utilize transgenic mice in which the human resistin gene along 

with its transcriptional regulatory elements was inserted. We recently 
showed that infection with the hookworm Nippostrongylus brasiliensis 
caused significantly increased human resistin expression in the infected 
lung and intestine. Human resistin expression was detrimental to the 
host and provoked a monocyte-rich inflammatory response in the lung, 
increased expression of inflammatory cytokines such as TNFα and impaired 
parasite expulsion. Additionally, Ascaris-infected children from Ecuador 
had elevated serum resistin levels, which were positively correlated 
with parasite egg counts in the stool and with serum inflammatory 
cytokines. Together, these studies identify a detrimental role for human 
resistin in instigating a non-protective inflammatory response following 
helminth infection. In ongoing studies, we are investigating the genetic 
determinants that regulate resistin expression including single nucleotide 
polymorphisms in the gene and putative transcription binding sites in 
the promoter. Preliminary analysis has identified two STAT6 binding sites 
in the human resistin promoter implicating the Th2 cytokine pathway 
in promoting human resistin expression, and we have validated STAT6 
induced resistin expression in vitro and in vivo. Identifying the cellular 
and molecular signals that regulate resistin expression may have important 
diagnostic and therapeutic implications for helminth infection.

471
DEVELOPMENT OF A CONTROLLED HUMAN INFECTION 
MODEL FOR TESTING THE EFFICACY OF EXPERIMENTAL 
HOOKWORM VACCINES

David Diemert1, Maria Zumer1, Doreen Campbell1, Shannon 
Grahek1, Melissa Keany1, Jill Brelsford1, Anna Yakovleva1, Marie 
Borum1, David Pritchard2, John Hawdon1, Jeffrey Bethony1

1George Washington University, Washington, DC, United States, 
2University of Nottingham, Nottingham, United Kingdom

A controlled human hookworm infection model is being developed to 
provide early proof-of-concept that experimental hookworm vaccine 
candidates are feasible and efficacious. The proposed model consists of 
vaccinating healthy, hookworm-naïve adults with a candidate hookworm 
vaccine, followed by challenging them with infectious Necator 
americanus larvae (L3) to assess the effect of vaccination on infection. 
Currently, a feasibility study is underway in Washington, DC, in which 
different doses of L3 are administered to healthy adult volunteers to 
determine the optimal dose that is safe, well-tolerated and results in 
consistent levels of infection. 3 cohorts of 10 healthy, hookworm-naive 
adult volunteers are receiving 25, 50, or 75 L3 in a dose-escalating design. 
L3 are obtained from the feces of an infected donor who is regularly 
screened for blood borne pathogens. Batches of L3 are tested for identity, 
motility/viability, and bacterial/fungal growth prior to release for use. 
Individual doses are prepared by counting motile L3 by microscopy; these 
are then applied to a gauze pad that is placed on the subject’s forearm 
for 1 hour. Subjects are seen weekly until 12 weeks post-infection, when 
they are treated with albendazole. Fecal and blood samples are collected 
at regular time points. Preliminary results from the 25 L3 dose cohort 
indicate that it is well tolerated by volunteers (n=10). Early manifestations 
of infection included pruritus, erythema, pain, and papulovesicular rash 
(duration: 4-48 days) at the application site. Gastrointestinal complaints 
(abdominal bloating, flatulence, nausea and abdominal pain) are frequent 
starting between weeks 4-5 post-infection. Eosinophilia developed in 
8 of 10 (range: 0.5-4.9 x 103/mm3). As of 9 weeks post-infection, 3/10 
subjects have eggs detectable by microscopy in their feces. Additional 
investigations being performed include video capsule endoscopy to 
visualize adult worms in the intestine, serology for crude and defined 
hookworm antigens, fecal PCR for hookworm egg antigen, and fecal 
worm counts post-treatment. Full results, including those from the 
remaining cohorts, will be presented.
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472
KATO KATZ VERSUS LUMBRERAS RAPID SEDIMENTATION 
TEST TO EVALUATE HELMINTH PREVALENCE IN THE SETTING 
OF A SCHOOL BASED DEWORMING PROGRAM

Martha Lopez1, Maria L. Morales1, A. Clinton White2, H. Hugo 
Garcia3, Andres G. Lescano4, Eduardo Gotuzzo3, Miguel M. 
Cabada5

1Universidad Peruana Cayetano Heredia, Cusco, Peru, 2University of Texas 
Medical Branch, Galveston, TX, United States, 3Universidad Peruana 
Cayetano Heredia, Lima, Peru, 4Naval Medical Research Unit - 6, Lima, 
Peru, 5University of Texas Medical Branch, Cusco, Peru

The sensitivity of the Kato Katz (KK) test is suboptimal for the evaluation 
of intestinal helminths prevalence. Moreover, during mass deworming with 
albendazole, when helminths egg burden decreases, the KK sensitivity is 
likely to be even lower. The Lumbreras rapid sedimentation is a low cost 
non quantitative test, but may provide useful information in low burden 
areas. A descriptive study comparing the prevalence of intestinal helminth 
infections assessed by the KK and the Lumbreras rapid sedimentation test 
was performed. A database of an ongoing study in the Anta province of 
Cusco where school based mass albendazole treatment is provided twice 
a year was used. Lumbreras rapid sedimentation tests were read in a Petri 
dish at 100x (dish) and in a slide at 100x and 400x (slide). Kato Katz, slide, 
and dish tests were performed following standard procedures, in different 
days, by 3 different observes blinded to other test results. The sensitivities 
were compared using the McNemar test with a significant p<0.05. A 
total of 774 children were included in the study and each provided 3 
stool specimens for testing. The prevalence of Ascaris infection was 
6.6% by KK, 6.6% by slide, and 7.4% by dish. Similarly, the prevalence 
of Trichuris was 0.5% by KK, 1.2% by slide, and 1.3% by dish and the 
prevalence of hookworm was 0% by KK, 0.5% by slide, and 0.8% by 
dish. The prevalence of other helminths like Strongyloides (0% KK, 0.6% 
slide, 1.8% dish) and Hymenolepis nana (15.4% KK, 16% slide, 19.6% 
dish) also varied with the diagnostic method used. Using the combined 
outcome of the 3 different stool tests as the standard, the sensitivities of 
the KK and dish sedimentation tests were 83.6% and 93.4% (p=0.070) 
for Ascaris, 77.3% and 98.7% (p<0.001) for H. nana, 36.4% and 90.9% 
(p=0.031) for Trichuris, 0% and 100% (p=0.031) for hookworm, and 
0% and 77.8% (p<0.001) for Strongyloides respectively. The rapid-
sedimentation and Petri dish reading was able to detect more infections 
with intestinal helminthes than the other methods. When compared with 
this method, Kato Katz demonstrated significantly lower sensitivity, missing 
most Trichuris, hookworm, and Strongyloides infections

473
AURANOFIN REPURPOSING: A NEW CURE FOR SOIL-
TRANSMITTED HELMINTHES INFECTION 

Yan Hu, Thanh-Thanh Nguyen, David Koch, Raffi V. Aroian
University of Massachusetts Medical School, Worcester, MA, United States

Soil-transmitted helminth (STH) are nematode parasites (hookworms, 
Ascaris and Trichuris) and are key contributors to morbidity and poverty 
worldwide. Few anthelmintics are available for treatment, and only 
one anthelmintic, albendazole, are considered adequate for mass drug 
administrations, even though there are more than 1 billion people are 
infected. New anthelmintics and treatment strategies are greatly needed, 
in particular as albendazole resistance is inevitable given its current method 
of usage and given the widespread resistance to benzimidazoles (like 
albendazole) in veterinary use. Due to the cost and time of developing 
new drugs, researchers have been working on “repurposing” the 
FDA approved drugs for the new usages. A gold complex named as 
auranofin received more attention for its great potential to be repurposed 
for multiple therapeutic applications. Auranofin is approved for the 
treatment of rheumatoid arthritis by WHO in 1985. More recently, it 
was found auranofin has great potential as a treatment for a number of 
parasitic infections including lymphatic filariasis, onchocerciasis, African 

trypanosomiasis, malaria, and schistosomiasis. We hypothesize that 
auranofin has efficacy against STHs and other nematodes as well. We 
exposed Auranofin to four different nematodes, including a free-living 
nematode Caenorhabditis elegans and the various intestinal parasitic 
nematodes such as Ancylostoma ceylanicum, Trichrus muris, and 
Heligomasmidoes polygyrus in vitro. The in vivo efficacy of auranofin 
against all these three parasitic worms also was evaluated in rodents. 
Here we present the results of these studies and the potential efficacy of 
auranofin against STH infections.

474
IMMUNODIAGNOSIS OF STRONGYLOIDES STERCORALIS 
INFECTION IN CANDIDATE PATIENTS FOR TRANSPLANTATION

Maiara Gottardi1, Fabiana M. Paula1, Marcelo A. Corral2, Dirce M. 
Meisel1, Silvia F. Costa3, Edson Abdala3, Ligia Pierrotti3, Pedro Paulo 
Chieffi4, Ronaldo C. Gryschek4

1Laboratorio de Investigacao Medica (LIM/06), Hospital das Clinicas da 
Faculdade de Medicina, USP, Sao Paulo, Brazil, 2University of Sao Paulo 
Medical School, Sao Paulo, Brazil, 3Hospital das Clinicas, Faculdade de 
Medicina, Universidade de Sao Paulo, Sao Paulo, Brazil, 4Faculdade de 
Ciencias Medicas, Santa Casa, Sao Paulo, Brazil

Strongyloidiasis is an intestinal infection caused by the nematode 
Strongyloides stercoralis. Most cases progress to a benign chronic 
condition, however hyperinfection and dissemination may occur, especially 
in immunocompromised patients. The aim of this study was to evaluate 
RIFI, ELISA and WB techniques for the diagnosis of S. stercoralis in 
candidate patients for transplantation. In order to validate the tests 
were used serum samples from immunocompetent patients. Feces and 
serum samples from candidate patients for transplantation were used 
as follows: 50 for renal transplant (RT), 50 for liver transplant (LT), 50 
for bone marrow transplant (BMT). Fecal samples from all patients were 
analyzed by spontaneous sedimentation, Rugai and Agar plate culture 
techniques. Filariform larvae of S. venezuelensis were used as source of 
antigen. For RIFI, sera at 1:40 and human anti-IgG conjugate fluorescein at 
1:500 were diluted in PBS. For ELISA, 10μg of antigen (saline and alkaline 
soluble fractions), sera diluted at 1:200 and conjugate (human anti-IgG 
peroxidase) at 30.000 in PBS 0.05% Tween 3% of milk were used. For 
WB, sera at 1:100 and conjugate (human anti-IgG peroxidase) at 1:1000 
in were diluted in Tris-HCl 5% of milk. Among the patients candidates 
for transplantation, 9.3% (14/150) were positive by parasitological 
techniques; agar plate culture detected 6.6% (10/150). With RIFI positivity 
was 16.6% (25/150), among which 22% RT, 18% LT and 10% for BMT. 
By ELISA technique positivity was 11.3% (17/150), among which 14% in 
patients candidates for RT, 14% LT and 3% BMT, using alkaline antigen, 
and 24.6% (37/150), among which 18% in patients candidates for RT, 
50% LT and 6% BMT, using saline antigen. By WB technique positivity was 
20.6% (31/150), among which 18% in patients candidates for RT, 32% LT 
and 12% BMT, using alkaline antigen, and 18.6% (28/150) among which 
10% in patients candidates for RT, 14% LT and 32% BMT, using saline 
antigen. Application of immunodiagnostic techniques may be indicated 
in screening of candidate patients in transplant, however limitations of 
serological reactions in immunosuppressed patients should be considered.
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475
PEDIATRIC STRONGYLOIDIASIS AND POVERTY IN TUMBES, 
PERU

Gabriela Goyoneche1, Ricardo Gamboa2, Viterbo Ayvar2, Luz M. 
Moyano2, Andres G. Lescano3, Héctor H. García4

1Universidad Peruana Cayetano Heredia, Lima, Peru, 2Center for Global 
Health - Tumbes Universidad Peruana Cayetano Heredia, Lima, Peru, 
3Department of Parasitology and Public Health Training Program, U.S. 
Naval Medical Research Unit - 6, Lima, Peru, 4Cysticercosis Unit, Institute of 
Neurological Sciences, Department of Microbiology, Universidad Peruana 
Cayetano Heredia, Lima, Peru

Strongyloides stercoralis is a helminth that causes chronic infections in 
humans worldwide. Although zoonotic transmission has been described 
for many helminthes, studies about the zoonotic potential of S. stercoralis 
and possible role of domestic animals are scarce, especially in resource-
limited areas. This precludes the identification of risk factors and the 
development of potentially effective interventions. We conducted a 
population-based cross-sectional study in 14,833 children aged 2-15 years 
old who resided in 115 rural villages of Tumbes, a low-resource, low-
endemicity setting in Peru. We used a generalized linear model to estimate 
the prevalence ratio (PR) of strongyloidiasis according to socioeconomic 
factors and zoonotic potential such as dog ownership, after controlling 
for potential confounders. The overall prevalence of S. stercoralis was 
0.7% and the 50% of the positive children had dogs at home. We didn´t 
find a significant association between strongyloidiasis and dog ownership 
(adjusted PR [aPR] = 0.97; 95% CI = 0.66-1.44; p = 0.883). Compared 
with houses built with brick and cement, the prevalence of strongyloidiasis 
was higher in adobe and thatch houses (aPR = 1.79; 95% CI = 1.05-3.05; 
p = 0.032), and houses built with mats and other local material (aPR = 
3.03; 95% CI = 1.31- 6.99; p = 0.009). Also, households that disposed 
stools in the open field had a higher prevalence of strongyloidiasis than 
those with sewage facilities (aPR = 1.89; 95% CI = 1.04 - 3.44; p = 
0.037). Children four years or older had higher prevalence than children 
of three years or less. Infections by S. stercoralis in low-resource, low-
endemicity setting in Peru, are strongly associated to poor living conditions 
without evidence of canine-human transmission. The results highlight 
the role of poverty-alleviation and sanitary interventions for controlling 
strongyloidiasis.

476
RECOMBINASE POLYMERASE AMPLIFICATION-BASED ASSAY 
TO DIAGNOSE SOIL-TRANSMITTED HELMINTHS IN STOOLS

Jason Cantera, Heather White, Helen Storey, Tala de los Santos
PATH, Seattle, WA, United States

Soil-transmitted helminths (STH) are parasitic nematodes that populate 
the human intestine and affect more than 1 billion people worldwide, 
causing impairment to physical, nutritional, and cognitive development 
in children. The global strategy to control STH infection involves periodic 
mass drug administration (MDA) with mebendazole and albendazole. 
The standard microscopy method used to measure disease prevalence has 
diminished sensitivity as intensity of infection decreases. As the prevalence 
and intensity of infections are reduced due to continued MDA, improved 
diagnostic tools to support control program decisions are needed. To 
identify available diagnostic technologies and potential biomarkers, a 
landscape analysis was conducted. Based on the landscape analysis, 
a nucleic acid amplification test based on recombinant polymerase 
amplification (RPA) technology is being developed to detect STH in stool. 
Primers and probes specific to Ascaris lumbricoides, Trichuris trichiura, 
Ancylostoma duodenale and Necator americanus were designed and 
the assay was optimized. Comparison with an established polymerase 
chain reaction (PCR) assay showed that each species-specific RPA assay 
is as sensitive as real-time PCR, detecting 5 to 20 copies of the cloned 
target sequences after incubation at 39°C for < 20 minutes. Also, the 
assay was able to amplify the target region in DNA extracted from human 

stool samples that were positive for STH based on Kato-Katz, with no 
cross-reactivity of the non-target genomic DNA. This suggests that RPA 
is highly specific for rapidly detecting A. lumbricoides, T. trichiura, A. 
duodenale and N. americanus. Studies using stool from patients with 
light, moderate, and heavy intensity STH infections will be performed to 
further evaluate its performance.

477
PRELIMINARY STUDY ON THE PREVALENCE OF INTESTINAL 
PARASITES IN AN AREA FROM THE ECOLOGICAL REGION OF 
THE GRAN CHACO, ARGENTINA

Maria V. Periago1, Rosa G. Cejas2, Rocio Garcia3, Osvaldo G. 
Astudillo3, Marta Cabrera3, Marcelo Abril1
1Fundación Mundo Sano, Buenos Aires, Argentina, 2Fundación Mundo 
Sano, Añatuya, Argentina, 3Instituto Nacional de Enfermedades 
Infecciosas, Administración Nacional de Laboratorios e Institutos de Salud 
“Dr. Carlos G. Malbrán”, Buenos Aires, Argentina

A previously published systematic review of the literature has shown 
that there is an incomplete prevalence map of soil-transmitted helminths 
(STHs) in Argentina. Until now, the highest prevalences were observed 
in the northeast and northwest regions of the country. In this study we 
centered on the Argentinian area of an ecological region denominated 
Gran Chaco that is located between both regions and comprises the 
provinces of Chaco, Santiago del Estero, Formosa and parts of Santa Fe, 
Cordoba, San Luis, Salta, Tucumán, La Rioja Catamarca and Corrientes. 
The Argentinian Gran Chaco is divided into a sub-humid, arid and serrano 
region each with its own climate and characteristic vegetation. This 
study was conducted in the surrounding areas of the city of Añatuya, 
Department of General Taboada, Province of Santiago del Estero located 
within the arid region of the Gran Chaco. Since there is no record of 
prevalence for either STHs or other intestinal parasites in this area, the 
aim of this study was to determine the prevalence of intestinal parasites in 
different rural settlements surrounding the city of Añatuya. Even though 
the communities included had similar characteristics with respect to water, 
sanitation and hygiene (WASH), the prevalences found varied and were 
unexpectedly low with regards to STHs.

478
IN VIVO EVALUATION OF PLANT NATURAL PRODUCTS FOR 
ACTIVITY AGAINST THE HOOKWORM ANCYLOSTOMA 
CEYLANICUM

Blaise Dondji1, Kaitlin L. Koppinger1, Jocelyn McCornack1, 
Brianda Cardenas-Garcia1, Kiah Jones1, Gil Belofsky2, Eric 
Winterstein2

1Laboratory of Cellular Immunology and Parasitology, Department of 
Biological Sciences, Central Washington University, Ellensburg, WA, 
United States, 2Department of Chemistry, Central Washington University, 
Ellensburg, WA, United States

Hookworms are blood feeding intestinal parasites causing iron-deficiency 
anemia, weight loss, stunted growth and malnutrition to more than 700 
million people worldwide. Major control strategies rely on mass treatment 
with albendazole or mebendazole. However, there is increasing evidence 
that hookworms and other soil-transmitted nematodes are developing 
resistance to these drugs. In an attempt to find alternative control tools 
and considering that in several endemic areas, local populations use plant 
products to treat several ailments including parasitic diseases, compounds 
from plants were tested in vitro for their anthelminthic activity against the 
adult stage of the hookworm, Ancylostoma ceylanicum. Extracts from 
five plant species and chromatographically-enriched fractions of the most 
active one were screened. These plants were collected from the western 
United States. Extracts from two of the plants namely Dalea ornata and 
Oemlaria cerasiformis showed anthelminthic activity (mortality and/or 
reduced motility) of their crude extracts and enriched fractions against 
A. ceylanicum. Associated worm mortality rates ranged from 25% at 



144

astmh.org

24 hours to 100% at 120 hours, after incubating worms with the test 
compounds. Three concentrations of the compounds were tested (100, 
50, 10 mg/mL). Our in vitro data showed a dose-dependent activity 
where the lowest concentration (10 mg/mL) achieved 100% mortality 
120 hours post exposure while the same activity level was obtained at 
48 hours with 100 mg/mL. We are currently assessing the anthelminthic 
potentials of these candidates using our hamster model of hookworm 
infection. Their toxicity to mammalian cells is also being evaluated. Studies 
aiming at purifying and testing active components of the extracts in vitro 
and in vivo are underway. The anthelminthic activity of these compounds 
in the animal model of the disease is being evaluated using clinical, 
parasitological and immunological criteria such as weight gain, anemia, 
egg output, worm burden, immune cell proliferation potentials, and 
immune cell population types and sizes by flow cytometry.

479
STRONGYLOIDES STERCORALIS INFECTION AND 
HYPERINFECTION SYNDROME DURING MEDICAL 
INTERNISHIP (2014): EXPERIENCE FROM A MEDICAL 
STUDENT PERSPECTIVE IN PERU

George Vasquez- Rios1, Angelica Terashima2, Marco Canales2

1Universidad Peruana Cayetano Heredia, Lima, Peru, 2Instituto de Medicina 
Tropical “Alexander von Humboldt”, Lima, Peru

Strongyloides stercoralis is an intestinal parasite with a worldwide 
distribution and potential life threatening capacity. However, it is still a 
neglected disease by the health care in endemic areas. The aim of this 
study was to describe S. stercoralis cases during the Internal Medicine 
internship in a public hospital in Peru. A total of 5 cases were identified 
during the period June- December 2014. Medical information was 
collected from chart review. 60% (N= 3/5) of the patients were male 
and 60% (N= 3/5) were ≥ 50 years. 60% (N= 3/5) resided at Lima city at 
the moment of admission and 60% (N= 3/5) had a travel history to an 
endemic area for S. stercoralis infection. All the patients were farmers 
either from the coast, rainforest or the highlands. Previous history of 
diarrhea was present in 20% (N= 1/5) of the patients, whereas 80% (N= 
4/5) reported constipation and abdominal pain as chronic disturbances. 
Eosinophilia was present in 60% (N= 3/5) of the patients. 60% (N= 3/5) 
of the cases developed Hyperinfection syndrome (HS) with progressive 
recovery in 66.66% (N= 2/3) of them. HS risk factors identified in this 
subgroup consisted of: (1) High dose corticosteroid use and (2) Cancer 
along with HTLV-1 infection. Interestingly, 33.33% (N= 1/3) did not 
present a known risk factor for HS. Diagnosis of HS was made by 
means of microscopic examination of the sputum sample collected from 
Bronchoalveolar Lavage (BAL) in 66.66% (N= 2/3) of the patient whereas 
in 33.33% (N=1/3), positive fecal samples along to a compatible clinical 
picture led to the diagnosis. Overall, survival rate was 80% (N= 4/5) and 
HTLV-1 infection was present only in the patient who died. All the patients 
received ivermectin and were followed 1, 6 and 12 months after discharge 
with 100% (N= 4/4) clearance of the larvae (except for the one who died). 
Conclusion: Awareness of S. stercoralis as an important parasitic infection 
in endemic areas should be encouraged in health care professionals and 
medical students in training in an attempt to achieve an early diagnosis 
and appropriate treatment.

480
HIV/MALARIA CO-INFECTION AMONG PREGNANT WOMEN 
IN ADAMA AND ‘AWASH SEBAT KILO’ ETHIOPIA: A CROSS-
SECTIONAL STUDY

Heven Sime Firew1, Beyene Petros2, Afework Tekle3

1Ethiopian Public Health Institute, Addis Ababa, Ethiopia, 2Addis 
Ababa University, Addis Ababa, Ethiopia, 3World Health Organization, 
Ouagadougou, Burkina Faso

Due to the high prevalence of HIV and malaria in Sub-Saharan Africa, 
co-infections are very common. This study was undertaken to determine 
the prevalence and severity of malaria in HIV positive pregnant and 
non-pregnant women who receive ART. Demographic information was 
collected through questionnaire. Blood samples were taken from the study 
participants and thick and thin blood smears prepared. Malaria parasite 
detection and parasite density was done microscopically. CD4+ T cell count 
was determined by BD FACS Count (Becton, Dickinson and Company (BD), 
USA machine and Hb value determined by the CELL DYN 1800 machine 
(Abbott Company, USA). 500 HIV positive women from Adama hospital 
and ‘Awash Sebat Kilo’ health center participated in the study. Out of 
these, 22.2% were malaria infected. Among the pregnant HIV positive 
women, 44.6% were malaria infected. Pregnant HIV/malaria co-infected 
women, on the average, had a significantly higher (P<0.001) malaria 
parasite density (26,595 15,309 versus 15,400 12,278), a significantly 
lower (P=0.05) Hb values (7.49 3.34 versus 8.37 3.13) and lower mean 
CD4+ T cell count (195 123 versus 220 140) compared to non- pregnant 
HIV positive women. Compared to pregnant women infected with only 
HIV, malaria/HIV co-infected pregnant women had significantly lower 
(P=0.005) CD4+ T cell count (195 123 versus 279 151) and significantly 
lower (P<0.001) mean Hb level (7.49 3.34 versus 10.53 2.96). Lower 
CD4+ T cell count and Hb level and higher parasite density were recorded 
in primigravid HIV/malaria co-infected pregnant women than in the 
multigravid ones. The study revealed high malaria parasite density, reduced 
Hb level and CD4+ T cell count in HIV positive pregnant women, indicating 
that pregnancy has an adverse effect leading to severe malaria in HIV 
positive women.

481
PREVALENCE AND COMPARATIVE DIAGNOSIS OF 
CRYPTOSPORIDIOSIS IN HIV INDIVIDUALS IN OSOGBO, 
NIGERIA

Victor O. Mabayoje
Ladoke Akintola University of Technology, Department of Haematology/
HIV and AIDS Prevention and Treatment, Osogbo, Nigeria

Cryptosporidiosis is an important opportunistic infection responsible for 
significant morbidity and mortality in HIV/AIDS patients. The conventional 
diagnosis of Cryptosporidium with conventional modified Ziehl-Neelsen 
(ZN) staining techniques requires observation of the infective oocysts that 
fail to detect cases of cryptosporidiosis in many immunocompromised 
patients. This study compare the diagnostic efficacy of modified ZN 
and Enzyme Linked Immounosorbent Assay (ELISA) for detection of 
Cryptosporidium in HIV and AIDS individuals attend HIV clinic in 
LAUTECH Stool samples from 172 (67(39.0%) males; 105(61.0%) females) 
HIV-seropositive cases were examined for Cryptosporidium spp using the 
modified ZN technique and ELISA. Cyflow machine was used to measure 
their CD4+ count.  The overall prevalence of Cryptosporidium spp. 
detected with ZN technique and ELISA was 59 (34.3%) and 98 (57%) 
respectively (p<0.05). Using a composite reference method generated 
from the two diagnostic methods, 49 (28.5%) patients were found to 
be truly infected and 61 (35.5%) truly uninfected. ELISA had a sensitivity 
of 79.0%, specificity of 56.5%, positive predictive value (PPV) of 51.0%, 
and negative predictive value (NPV) of 82.4% while ZN had sensitivity of 
51.0%, specificity of 82.4%, PPV of 79.0%, and NPV of 56.5%. There 
was a significant association between Cryptosporidium infection and 
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CD4+ count (P=0.0001), with the highest parasite prevalence observed 
among patients who had the lowest CD4+ count (<200 cells/mm3). There 
was no statistical significant difference (P=0.979) among the age groups, 
with the age group 30-39 having the highest prevalence 70(40.7%) of 
infection. The ZN staining technique was less sensitive for the detection 
of Cryptosporidium in comparison to ELISA in this study. ELISA 
method can therefore have considerable advantages in the treatment of 
immunosuppressed individuals allowing early diagnosis thereby decreasing 
morbidity and the mortality.

482
PROCYANIDIN TRIMER C1 DERIVED FROM THEOBROMA 
CACAO REACTIVATES LATENT HUMAN IMMUNODEFICIENCY 
VIRUS TYPE 1 PROVIRUS

Angela Frimpong1, Takanori Hori2, Jacob S. Barnor1, Tung N. 
Huu3, Osamu Morinaga3, Akiko Hamano2, Jerry Ndzinu1, Keren 
Minta-Asare1, Mildred Amoa-Bosompem1, James Brandful1, John 
K. Odoom1, Joseph H. Bonney1, William Ampofo1, Kwadwo 
Koram1, Takuhiro Uto3, Yoshiyuki Yoshinaka2, Shin Uota2, Yukihiro 
Shoyama3, Shoji Yamaoka2

1Noguchi Memorial Institute for Medical Research, Accra, Ghana, 2Tokyo 
Medical and Dental University, Tokyo, Japan, 3Nagasaki International 
University, Nagasaki, Japan

Despite remarkable advances in combination antiretroviral therapy 
(cART), human immunodeficiency virus type 1 (HIV-1) infection 
remains incurable due to the incomplete elimination of the replication-
competent virus, which persists in latent reservoirs. HIV-1 latency can 
be defined as a reversibly nonproductive infection of a cell which is 
usually interpreted to refer to an integrated provirus that is replication-
competent but transcriptionally silent. In light of recent evidence, this 
definition might be expanded to include proviruses that express some 
but not all gene products in the absence of virion production.Multiple 
approaches to reactivation and depletion of the latent reservoir have 
been attempted clinically. These efforts aim to reactivate latently infected 
cells so as to render them susceptible to viral cytopathic effects, an 
antiviral immune response, or other means of targeted cell killing while 
protecting uninfected cells by cART. However, complete depletion of the 
latent reservoir remains a long-term goal. We screened medicinal plant 
extracts for compounds that could reactivate the latent HIV-1 provirus 
and identified a procyanidin trimer C1 derived from Theobroma cacao 
as a potent activator of the provirus in human T cells latently infected 
with HIV-1 . This reactivation largely depends on the NF-κB and MAPK 
signaling pathways because either overexpression of a super-repressor 
form of IκBα or pretreatment with a MEK inhibitor U0126 diminished 
provirus reactivation by C1. A pan-PKC inhibitor significantly blocked 
the phorbol ester-induced but not the C1-induced HIV-1 reactivation. 
Although C1-induced viral gene expression persisted for as long as 48 
h post-stimulation, NF-κB-dependent transcription peaked at 12 h post-
stimulation and then quickly declined, suggesting Tat-mediated self-
sustainment of HIV-1 expression. These results suggest that procyanidin C1 
trimer is a potential compound for reactivation of latent HIV-1 reservoirs.

483
INVESTIGATING CLIENT PERCEPTION AND ATTITUDE TO 
DECENTRALIZATION OF HIV/AIDS TREATMENT SERVICES TO 
PRIMARY HEALTH CENTERS IN THREE NIGERIAN STATES

Obinna Onwujekwe1, Ifeanyi Chikezie1, Chinyere Mbachu1, 
Robert Chiegil2, Kwasi Torpey2, Benjamin Uzochukwu1

1University of Nigeria, Enugu, Nigeria, 2FHI 360, Abuja, Nigeria

The views and opinions of end-users in decentralization provide insights 
into level of uptake of services and improvement in access. We examined 
clients’ perception and attitude towards decentralization of antiretroviral 
treatment services to primary health centers (PHCs). A cross-sectional 
survey was undertaken in three Nigerian states. Study sites were 

purposively selected and respondents were equally sampled from each 
site. A total of 1265 interviews were conducted with HIV/AIDS clients 
exiting health facilities. High level of perception of decentralization of 
antiretroviral services to PHCs as beneficial to HIV/AIDS control (70%) 
of the respondents, as well as high stated community support for 
decentralization to PHCs were found. The difference in willingness 
to accept decentralization between the three states was found to be 
statistically significant (<0.05). However, over 90% of respondents in 
all three states felt decentralization of ART services to PHCs would be 
beneficial in controlling HIV/AIDS in Nigeria; the difference in respondents’ 
perception across the three state was found to be statistically significant 
(p<0.001). These imply that scaling up of treatment services to PHCs 
would be widely accepted; and probably result in increased uptake. 
However, this must be accompanied by targeted behavior change 
interventions for clients who for the fear of disclosure and stigma would 
still not access care from proximate facilities.

484
GEOGRAPHIC INFORMATION SYSTEM-BASED MODELING OF 
THE HIV/AIDS EPIDEMIC IN ECUADOR USING NATIONALLY 
COLLECTED DATA

Miguel Reina Ortiz, Vinita Sharma, Ricardo Izurieta
University of South Florida, Tampa, FL, United States

Ecuador holds a disproportionate burden of HIV in Latin America and 
reports an increase in HIV/AIDS cases after 2008. It is extremely important 
to understand HIV/AIDS spatiotemporal dynamics. This study uses 
Geographic Information System (GIS)-based disease modeling to describe, 
predict and identify areas of higher HIV activity in Ecuador. Nationally 
collected data on HIV screening, number of HIV cases and AIDS incidence 
rates during 2009 and 2010 were used for GIS-based disease modeling. 
Descriptive cartographic representation of the geospatial distribution of 
each of these variables was conducted. Different interpolation algorithms 
were tested on their performance to predict the values of HIV cases and 
AIDS incidence rates for unsampled geographical locations. Finally, spatial 
autocorrelation using Moran’s I statistics indexes was conducted as part of 
a Hot Spot analysis to identify areas of significantly higher clustering of HIV 
cases (i.e. HIV activity). Overall, AIDS incidence rates were highest in the 
Coast, mid-level in the Andes and lowest in the Amazon basin. HIV testing 
and screening rates were highest in different provinces located across the 
different regions (i.e. Coast, Andes and Amazon basin). Ordinary Kriging 
was the interpolation algorithm that best fit the data being analyzed. 
Autocorrelation models suggested that the province of Santa Elena (near 
the port of Guayaquil) represents a Hot Spot for AIDS incidence rate in 
Ecuador. It has been suggested that increased screening efforts have led 
to higher reported number of AIDS cases in Ecuador. However, nationally 
collected data evidences a mismatch between screening and AIDS 
incidence rates. Further analysis showed one Hot Spot in the Province of 
Santa Elena, near the main port and largest city of Ecuador, Guayaquil. 
This study helps in the understanding of the geospatial distribution and 
statistically significant association, aggregation and autocorrelation of HIV/
AIDS cases in Ecuador. Further research is needed to identify geospatial 
locations where HIV socio-structural determinants collude to increase HIV/
AIDS transmission in the local population.​
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485
TUBERCULOSIS DISEASE AMONG HIV POSITIVE ADULTS ON 
ANTIRETROVIRAL THERAPY IN MALAWI

Osward M. Nyirenda1, Jaya Goswami2, Randy G. Mungwira1, 
Titus H. Divala1, Maxwell Kanjala1, Francis Muwalo1, Felix 
Mkandawire1, Terrie E. Taylor1, Jane Mallewa3, Joep van 
Oosterhout4, Miriam K. Laufer2, Matthew B. Laurens2

1Blantyre Malaria Project, Blantyre, Malawi, 2Center for Vaccine 
Development, University of Maryland School of Medicine, Baltimore, 
MD, United States, 3University of Malawi College of Medicine, Blantyre, 
Malawi, 4Dignitas International, Zomba, Malawi

Tuberculosis (TB) and HIV co-infection is common and associated with a 
high mortality rate. The incidence of TB among people who are stable 
on antiretroviral therapy (ART) is not well described. We used data from 
the screened and the enrolled participants in a clinical trial of adults on 
ART to determine the prevalence and incidence of TB infection in patients 
who have symptoms that are consistent with TB and assessed the impact 
of TB infection in this population. We screened all participants in our 
clinical trial for typical symptoms of TB. Participants with TB symptoms 
submitted samples for GeneXpert testing. We only enrolled adults with 
CD4 count>250 and undetectable viral load into our prospective study. 
Pulmonary TB (PTB) was diagnosed if in patients with typical TB symptoms, 
there was a positive TB test (GeneXpert) or positive chest x-ray finding. 
Extrapulmonary TB (XTB) was diagnosed based on clinical and radiological 
findings. We screened 1416 participants for enrollment in our clinical trial 
and 41 participants had symptoms suggestive of TB. One participant with 
a positive test and one with a negative test but with a typical chest X-ray 
finding were diagnosed with PTB. The prevalence of PTB in the adult ART 
population was 0.1% and among those with symptoms of PTB, prevalence 
was 4.9%. We enrolled 900 participants and accumulated 1,117 years 
of follow up. The incidence rates were 8.4, 0.8, 0.6 and 0.9 per 100 
person years for PTB symptoms, PTB diagnosis, PTB laboratory confirmed 
diagnosis and XTB, respectively. There were no deaths among the 9 cases 
of PTB but 5/11 participants with XTB died (case fatality rate 45%). PTB 
was not associated with changes in CD4 cell count or viral load. Further 
analysis of the effect of PTB and XTB on clinical, immunological and 
virological outcomes is being conducted. PTB and XTB are rare in adults 
who are stable on ART. When PTB is actively diagnosed and treated, it 
was not associated with adverse outcomes in our small sample of cases. 
Extrapulmonary TB has a poor prognosis even when patients are on 
appropriate ART.

486
HIV-1 EXPOSED UNINFECTED AND UNEXPOSED INFANTS 
HAVE SIMILAR ANTIBODY RESPONSES TO CHILDHOOD 
VACCINES, BUT THE RESPONSES AGAINST HEPATITIS B 
VACCINE DECAY BY TWENTY ONE MONTHS OF AGE

Maxwel M. Omenda
Kenya Medical Research Institute, Kisumu, Kenya

HIV-1 exposed uninfected infants (HEU) residing in regions with high 
burden of infectious diseases, have high mortality and morbidity. The 
underlying mechanisms causing the increased vulnerability of HEU 
compared to unexposed infants (HUU) are not clear. While childhood 
vaccination against most infections protects majority of the vaccinees, it 
is not known whether it provides equal protection in all children including 
those with prenatal exposure to infectious diseases that may alter infants’ 
immune responses. Vaccine-specific IgG responses were compared 
among three groups of children: HEU N=13, HIV-1 unexposed/malaria 
exposed (HUME) N=25 and HIV-1/malaria unexposed (HMU) N=18 infants 
to address the hypothesis that in-utero exposure to HIV-1 alters infants 
capacity to develop long lasting protective humoral immune responses 
to childhood vaccines. Antibody levels against hepatitis B virus (HBV), 
measles, tetanus toxoid (TT) and diphtheria toxoid (DT) were measured 

by ELISA at multiple time-points beginning from birth up to 21months 
of age in a longitudinal cohort study conducted in malaria holoendemic 
region of western Kenya. Pre-vaccine antibody levels were lower for HBV 
and DT compared to measles and TT, but were similar between infant 
and mother. These antibodies tended to be lower in HEU compared to 
HMU or HUME. Peak IgG responses were also lower for HBsAg and DT 
compared to measles or TT in all the groups. Overall, the three groups 
responded similarly to vaccination (Kruskal Willis test: p=0.85 for measles, 
p=0.845 for TT, p=0.434 for DT and p= 0.365 for HBV) with varying peak 
responses across the vaccines. Measles, TT and DT antibody responses 
were maintained at high levels even by 21 months of age. However, 
responses against HBV decayed to pre-vaccine levels by 21 months of age, 
suggesting that even though HBV vaccine elicits robust antibody responses 
in all infants, these responses are not long lasting. These data suggest 
that HEU respond equally well as HUU to vaccines test here, but long-
term efficacy of HBV vaccine needs to be evaluated particularly in infants 
residing in malaria holoendemic regions.

487
BASELINE CHARACTERISTICS OF PATIENTS RECEIVING 
CARE FOR HIV/AIDS AT THE ANTI-RETROVIRAL CLINIC OF 
PANTANG HOSPITAL: A LONGITUDINAL COHORT STUDY

Bismark Sarfo1, Jane Kelly2, Chirag G. Patel3, Andrew A. Adjei4, 
Richard Adanu1, Peter Nyasulu5

1School of Public Health, University of Ghana, Legon-Accra, Ghana, 2HIV/
AIDS Epidemiology Program, Georgia Department of Public Health, 
Atlanta, GA, United States, 3Oak Ridge Institute of Technology, Oak Ridge, 
TN, United States, 4School of Biomedical and Allied Health Sciences, 
University of Ghana, Legon-Accra, Ghana, 5School of Health Sciences, 
Monash University, Johannesburg, South Africa

The recommended medical care for HIV/AIDS patients consist of providing 
antiretroviral therapy (ART) for viral suppression, management of 
comorbidities, and interventions to reduce HIV transmission. In Ghana, 
123,245 HIV/AIDS patients are on ART. Characterization of the infected 
population under treatment creates a baseline for monitoring the HIV 
care continuum, identification of those most likely to fall out of care, 
and possible interventions to improve retention in care and ongoing viral 
suppression. In this study we describe socio-demographic characteristics, 
self-reported adherence to medication, behavioral risk factors, and access 
to prevention services among patients receiving care at Pantang hospital 
as part of a longitudinal cohort study. A cross-sectional study design 
was used to recruit participants 18 years or older, HIV positive, receiving 
care with the ability to provide informed consent for interview using a 
structured in-person closed-ended questionnaire. 211 HIV/AIDS patients 
(mean=44) participated in the study. There were 44(20.85%), and 167 
(79.15%) heterosexual males and females respectively. 17(8.06%) were 
not yet on ART, whereas 173 (81.99%) are on ART medication. 122 
(62.24%) have never experienced any side effect of their medication while 
11(5.61%) rarely did. 143 (67.77%) reported they followed the specific 
instruction for taking their medication, while 17(9.0%) don’t follow those 
instructions. 151 (71.56%) strongly disagreed while 22 (10.43%) strongly 
agreed that they will have unprotected sex if their partners are also HIV 
positive. 152(72.04%) reported they never took alcohol before sex, while 
10(4.74%) had ever had alcohol before sex. Majority (186, 88.15%) have 
never used drugs in their lifetime. 164 (83.67%) never received any free 
condoms during the past 12 months while only 18 (9.18%) said they had. 
155 (79.08%) have never been diagnosed with active TB, whereas only 
5(2.55%) have ever had TB. Only 2 (1.02%) of the participants have ever 
had pneumocystic pneumonia infection. Targeted HIV/AIDS prevention 
programs at this cohort will be beneficial in reducing HIV transmission.
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LEVERAGING ON COMMUNITY-BASED PEPFAR PROGRAMS 
ACHIEVEMENTS IN STRENGTHENING SURVEILLANCE, 
PREVENTION AND CONTROL TOWARD HIV/AIDS EPIDEMIC 
FREE GENERATION IN SUB-SAHARA AFRICA

Ernest Tambo1, Clarence S. Yah2, Chidiebere E. Ugwu3, 
Oluwasogo A. Olalubi4, Isatta Wurie5, Jeannetta K. Jonhson6, 
Jeane Y. Ngogang7

1Sydney Brenner Instiute for Molecular Bioscience, Johannesburg, South 
Africa, 2Department of Biochemistry and Microbiology, Nelson Mandela 
Metropolitan University, Petermaryberg, South Africa, 3Faculty of Basic 
Medical Sciences, Department of Human Biochemistry, Nnamdi Azikiwe 
University Awka, Nnewi, Nigeria, 4School of Allied and Environmental 
Health, Kwara State University, Malete, Kwara, Nigeria, 5Health and 
Education Quality Systems Strengthening, Freetown, Sierra Leone, 6Public 
Health Development Initiative, Monrovia, Liberia, 7Faculté des Sciences 
Biomédicales et Pharmaceutiques, Université des Montagnes, Bagangté, 
Cameroon

About 3.2 million children under the age of 15 are living with HIV/AIDS 
globally and 91 percent burden of whom is in Africa. The US President’s 
Emergency Plan For AIDS Relief (PEPFAR) partnership scaling up for 
impact and efficiency on HIV/AIDS programs has be laudable in alleviating 
morbidity and mortality and sustainably accelerate core prevention and 
care interventions quality services estimated at $19.1 to $22-24 billion 
made available in LMIC including in reshaping health policy reforms 
and programs across African resources limited countries in 2013-2015. 
Strategic and geographical allocations in Community evidence-based 
programs promote accessible and cost-effective service delivery to 
populations at greatest risk communities across Sub-Saharan Africa. 
A strategic systematic search on Medline and acknowledged PEPFAR 
programs partners was used to assess publications from 2005- 2015 in 
Sub-Saharan Africa, scrutinized and categorised upon type and nature in 
improving strategic planning, quality of care and outcomes. Our findings 
showed that PEPFAR programs support community-based capacity building 
and social service systems delivery through sensitization and participatory 
activities on HIV risk factors, voluntary screening and care seeking for 
PLWHIV and caregivers, treatment adherence, ABCs practice attitudes, and 
empowering health systems paramount in strengthening HIV/AIDS free 
generation. Community’s partnership impact highlights the differential 
benefits and issues related to transparency and accountability as useful 
indicators of communities’ programs performance impacts and outcomes. 
The urgent need to maximize on PEPFAR and related programs in fostering 
sustainable country-driven and ownership of integrated community-
based HIV/AIDS surveillance, prevention and control must be prioritized. 
Implementing effective core capabilities and better coordination in proven 
PEPFAR and national Ebola immunization programs (NEIP) has potential 
asset to inform Africa’s policy decisions and health systems investments 
toward deadly viral disease free generation.

489
REDUCED PLACENTAL TRANSFER OF IGG TO PLASMODIUM 
FALCIPARUM MALARIA IN HIV-EXPOSED UNINFECTED 
CAMEROONIAN INFANTS

Anna Babakhanyan1, John Tamo2, Emile Yuosembom2, Barriere 
Yetgang Airy2, Livo Esemu2, Claude Djontu2, Rose G. Leke2, Diane 
W. Taylor1

1University of Hawaii, Honolulu, HI, United States, 2University of Yaounde I, 
Yaounde, Cameroon

Although mother-to-child transmission of HIV has dramatically declined, 
the number of in utero HIV-exposed uninfected (HIV-EU) infants is on 
the rise. HIV-EU infants are at a greater risk of mortality and morbidity 
compared to their non-HIV exposed counterparts. Poor health outcomes in 
this pediatric population are, in part, explained by increased susceptibility 

to and severity of infections, including pneumonia and malaria. Passively 
acquired immunity through placental transfer of IgG from the mother is 
fundamental for protection of infants against infectious agents during 
the first year of life. Transplacental transfer of IgG to tetanus, measles, 
pneumococcus, VZV and haemophilus influenza type b is reduced in HIV-
EU newborns. However, conflicting results are reported for the influence 
of maternal HIV on placental transfer of IgG to malarial antigens. We 
conducted a case-controlled study, in which HIV-positive (cases) and 
HIV-negative (controls) pregnant Cameroonian women were recruited. 
Maternal peripheral and cord plasma was used to measure IgG to 
malarial pre-erythrocytic (CSP, LSA-1) and erythrocytic (AMA-1, MSP-1, 
MSP-2, MSP-3, EBA-175, RESA, PfEMP1) antigens, that are important for 
protection and tetanus toxoid. Cord IgG levels to malarial sporozoite and 
merozoite proteins, as well as tetanus toxoid, were reduced in full-term 
HIV-EU newborns compared to non-HIV exposed newborns (all p values 
<0.05). Since significant differences in IgG levels to the above antigens 
were not found between HIV-positive and HIV-negative women, reduced 
IgG levels in HIV-EU infants were not due to reduced levels in their 
mothers. The results suggest that an alternative mechanism is responsible 
for low IgG levels in HIV-EU cord blood. Additional studies are in progress 
to determine possible mechanisms responsible for HIV-induced decrease in 
transplacental transfer of IgG.

490
PERINATAL HIV-INFECTION AND LONG-TERM DEFICITS IN 
COGNITIVE EXECUTIVE FUNCTION AMONG SCHOOL-AGED 
UGANDAN CHILDREN

Amara E. Ezeamama1, Florence N. Kizza2, Sarah K. Zalwango3, 
Allan K. Nkwata2, Juliet N. Sekandi2, Robert Kakaire2, Noah 
Kiwanuka3, Christopher C. Whalen1

1The University of Georgia, Athens, GA, United States, 2The University of 
Georgia, Athens, GA, United States, 3Makerere University School of Public 
Health, Kampala, Uganda

The study was undertaken to evaluate the hypothesis that perinatal HIV 
infection predicts long-term deficits in cognitive executive function (CEF) 
among Ugandan children 6 -18 years old. Perinatal HIV-infection was 
diagnosed by end of breast-feeding via DNA polymerase chain reaction 
test. Current HIV status was confirmed with HIV-rapid diagnostic test. 
Proxy report of Child CEF was measured with behavior rating inventory 
of executive function (BRIEF). Descriptive analyses estimated means, 
standard deviations (SD), numbers and percentages by perinatal HIV 
status. Multivariable linear regression estimated HIV-related differences 
(β) in CEF scores and 95% confidence intervals (CI). HIV-infected (n=56), 
exposed negative (n=56) and unexposed children (n=54) were enrolled. 
Dysregulation (i.e. higher scores) in CEF domains - including significant 
elevations for emotional control, inhibition, initiation and working memory 
sub-scales, were noted for perinatally HIV-infected compared to HIV-
unexposed children. CEF scores was highest (mean=54.2,SD=12.8), for 
HIV-infected intermediate (mean=48.4,SD=11.2) for HIV-exposed negative 
and lowest (mean=46.8, SD=8.8) for HIV-unexposed children. Overall, 
clinically relevant CEF elevations (BRIEF t-score ≥65 vs. <65) were noted 
in 12(20.7%), 5(9.1%) and 2(3.8%) HIV-infected, HIV-exposed and HIV-
unexposed children respectively (p-value=0.016). Normal t-scores across 
all BRIEF sub-scales was least prevalent in HIV-infected (34.5%) vs. 50.9% 
in HIV-exposed negative and 60.4% HIV-unexposed children. Conversely, 
dysregulation in ≥2 subscales was more prevalent in HIV+(44.8%), vs. 
30.9% in HIV-exposed negative, and 20.7% in HIV-unexposed children 
(P =0.0598). CEF scores were significantly elevated for HIV+ (β=5.4, 
95%CI:1.4,9.4) but not HIV-exposed negative (β=-0.81,95% CI: -5.0,3.4) 
relative to HIV-unexposed. In conclusion, perinatal HIV-infection is a 
significant predictor of low CEF. Specific interventions to improve executive 
function may improve long-term functional status in HIV-infected children.
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491
HEPATITIS E VIRUS IMMUNOLOGICAL MARKERS IN HIV-
INFECTED INDIVIDUALS, DOMINICAN REPUBLIC

Robert Paulino, Eduardo Fernandez, Monica Orizondo
Universidad Iberoamericana, Santo Domingo, Dominican Republic

Hepatitis E virus (HEV) is an RNA (+) virus, primarily transmitted through 
foecal-contaminated water. HEV is endemic to various countries and 
currently considered the most common cause of viral hepatitis worldwide. 
In immunocompetent hosts causes a mild viral acute hepatitis, although 
in pregnant women it causes acute fulminant hepatitis. Recent studies 
have shown persistent infection by HEV in immunocompromised hosts, 
especially those infected by the HIV. The purpose of this investigation was 
to determine the presence of HEV specific antibodies in the Dominican 
Republic. Two cohorts were obtained from an outpatient clinic located in 
Santo Domingo, Dominican Republic; one consisted of 36 HIV (+) patients 
while the other was composed of 54 HIV (-) patients, both with persistent 
elevated liver enzymes and negative laboratory tests for hepatitis B or C. 
Informed consent was obtained from each participant. An epidemiological 
form was completed with relevant data of each participant; and their HIV 
status was confirmed by either rapid testing or record files. Blood samples 
where drawn from each participant to whom a rapid IgG test for HEV 
was performed, posteriorly a rapid IgM test for HEV was done to those 
who were positive to confirm chronic markers of HEV infection. Ten of the 
fourty-three (n=43) patients were positive for IgG against HEV. Of those 
10, two were positive for HEV-IgM, both of which were on antiretroviral 
therapy and had a CD4 count over 200 cells/ml. Sixty percent of the 
patients who had a positive IgG against HEV had an ALT over 80 U/L, and 
an AST over 70 U/L. HEV should be considered as a differential diagnosis 
in HIV + patients with elevated liver enzymes in the Dominican Republic. 
Chronic infection with HEV should also be considered as an opportunistic 
infection in these patients in warm countries with poor water and 
sanitation quality.

492
VIROLOGICAL RESPONSE OF FIRST LINE COMBINATION 
ANTIRETROVIRAL THERAPY (CART) AMONG PEDIATRIC 
PATIENTS IN LONGITUDINAL CAMBODIAN COHORT

Zuzana Dudova1, Andrea Shahum2, Maria Holesova3, Vladimir 
Krcmery4

1Humanitarian Program for HIV Positive Children, Phnom Penh, Cambodia, 
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Increase access to cART for HIV+ children in resource-limited settings 
is expanding, although documented experiences remain limited. In 
most pediatric studies virological response rates are highly variable and 
inferior to adults, with reasons being not well understood. We describe 
experiences with virological responses to cART among perinatally infected 
children in Cambodia, followed since 2003 with a mean age at enrollment 
of 6.9 (SD±3.1). HIV viral load measurements became available from 2008, 
but remain not fully integrated in the routine monitoring due to prohibitive 
cost. NNRTI-based triple regimen (WHO-prequalified generic fixed-dose 
combinations) and boosted protease inhibitor (PI) with 2 NRTIs are 
standard first and second line therapies. Virological failure was defined as 
sustained HIV RNA ≥1000 copies/mL while on cART or persistent virological 
rebound above ≥1000 copies/mL after initial virological response. Of 113 
children, 107 (95%) started cART based on WHO criteria and 29 (27%) 
had virological failure to the first line cART, although all initially restored 
immunologically. Time to switch to the second line therapy from the first 
documented viremia was an average of 16 months (95% CI: 11-21) with 
median HIV RNA 14734 copies/mL (474-294451). 10 (34%) children 
with virological failure had a period when adherence was not observed 
and 5 (17%) had cART interruption due to side effects. Despite excellent 

medication adherence the remaining 14 (48%) developed virological 
failure. Clinico-immunological monitoring and documented medication 
adherence were not sensitive enough to predict poor virological response 
resulting in late diagnosis of treatment failure. Prolonged treatment failure 
was associated with accumulated NRTI and NNRTI cross-resistance with 
the most common mutations M184V (21), K103N (16), V75M (4), and 
Q151M (3). Our experience showed that children tend to be maintained 
longer on failing regimens, mainly because of challenges associated with 
high cost of viral load, genotype testing, and limited treatment options. 
Access to virological monitoring should be expanded to enable early failure 
detection.

493
LARGE PROPORTION OF HIV POSITIVE CHILDREN WITHOUT 
RECEIPT OF ANTIRETROVIRAL TREATMENT (SLOW 
PROGRESSOR, SPG) FOR 10 AND MORE YEARS IN PHNOM 
PENH, CAMBODIA

Andrea Kalavska1, Maria Chabadova1, Erich Kalavsky1, Juraj 
Benca1, Andrea Shahum1, Jozef Suvada1, Gertruda Mikolasova1, 
Lenka Michalikova2, Zuzana Dudová1, Vladimir Krcmery3

1St. Elizabeth University, Bratislava, Slovakia, 2Trnava University, Faculty 
of Health Sciences and Social Work, Trnava, Slovakia, 3Institution of 
Microbiology, Medical school, Commenius University, Bratislava, Slovakia

More than 90% of children infected with HIV live in Africa and Asia. 
2,5 million children live with HIV infection worldwide, and 370 000 
children are newly infected every year. The aim of this study is to present 
a cohort of children who were not received highly active antiretroviral 
therapy (HAART) (slow progressor, SPG) for 10-16 years because of not 
decreased CD4 or increased viral load neither presented with opportunistic 
infections and AIDS-related comorbidities. HIV positive children on active 
antiretroviral therapy (HAART) were observed within 2002 - 2015 (12 
years) in Phnom Penh. Subgroup of SPG children (n=32) did not need 
therapy at least 10 years from the year they have been diagnosed to be 
HIV positive. Because they were fully asymptomatic, and because of the 
guidelines valid in that time, they did not received HAART. Therapy has 
been started (due to the change of the guidelines) in all children of them 
in 2013. Group slow progressor was compared with non-slow progressor 
(NPG). 32 children of 140 (23%) did not present any sign of AIDS (clinical, 
immunological and virological) for 10 years after diagnosis of HIV. Average 
age, when they received 1st line HAART was 12 years in Group SPG and 
9,2 years in the NPG Group. Average number of opportunistic infections 
was significantly higher in NPG (1,3% vs. 0,7%; P= 0,04), as well as the 
incidence of tuberculosis (52,3% vs. 29%; P=0,04). First line therapy was 
not significantly more common among SPG, as well as mortality (SPG 
vs. non- SPS) which was similar in both groups (2,9% vs. 0% P=NS). In 
conclusion, children infected with HIV have more opportunistic infections 
and therefore receive more prophylactic or therapeutic antibiotics and may 
be more colonized or infected with resistant organisms.

494
TUBERCULOSIS DIAGNOSIS AND TREATMENT MONITORING 
AT PEDIATRIC HIV CLINICS IN SUB-SAHARAN AFRICA

Raghuveer Puttagunta, Katherine Ngo, Anna M. Mandalakas
Baylor College of Medicine; Texas Children’s Hospital, Houston, TX, United 
States

Among people living with HIV, Tuberculosis (TB) accounts for almost a 
quarter of all deaths. Given the overlapping burden of disease between 
HIV and TB worldwide, integration of TB and HIV care and preventive 
services is essential , especially among children, where is there is a paucity 
of data related to TB-HIV co-infection. Given the complexity of diagnosing 
childhood TB coupled with the poor sensitivity of confirmatory tests in 
this population, it is important to evaluate the feasibility of implementing 
WHO guidelines and recommendations related to TB care in the context of 
resource poor settings. The Global TB Program of Texas Children’s Hospital 
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and Baylor College of Medicine has developed a comprehensive approach 
to integrating, monitoring and evaluating TB best practices within the 
Baylor International Pediatric AIDS Initiative (BIPAI) network of pediatric 
HIV clinics that spans six sub-Saharan African countries. We describe the 
process of monitoring and evaluation of TB programming that has been 
implemented throughout the BIPAI clinical network. Fourteen TB indicators 
were identified and incorporated into the standardized medical record. The 
indicators cover a broad range of aspects dealing with TB care including 
preventive services, quantification of TB disease, diagnostic services, drug 
resistance, and treatment in relation to HIV. Indicators are stratified by 
age and past treatment history when available. On a quarterly bases each 
clinical site is able to generate summary statistics with accompanying visual 
aids so that each site is able to independently evaluate their performance 
and make appropriate quality improvement decisions. Providing practical 
interpretations of WHO TB guidelines for program monitoring and 
evaluations to clinics in resource poor environments is possible after 
addressing clinic sustainability, training, and standardization of metrics.

495
QUALITATIVE PROCESS ASSESSMENT OF GENE-
ENVIRONMENT HEALTH EDUCATION INTERVENTION IN 
SOUTHERN ETHIOPIA: ADDRESSING GENOMIC LITERACY 
GAPS IN THE CONTEXT OF PODOCONIOSIS DISEASE

Abebayehu Tora1, Desta Ayode1, David Farrel2, Getnet Tadele1, 
Gail Davey3, Colleen McBride4

1Addis Ababa University, Addis Ababa, Ethiopia, 2People Designs Inc., 
Durham, NC, United States, 3Brighton and Sussex Medical School, Falmer, 
Brighton, United Kingdom, 4Emory University, Atlanta, GA, United States

Though scientific knowledge on the etiology and prevention of 
podoconiosis rapidly advanced the last few decades, little effort has 
been made so far to curb the lay people’s misconceptions and enhance 
their motivations for preventive behavior. In this study, we qualitatively 
assessed the impact of skills training trial on lay peoples’ understanding 
of gene-environment-contributions to podoconiosis etiology and their 
motivations for behavioral change. Sixty-five affected and unaffected 
adult participants in the trial were purposively selected and involved in 
semi-structured individual interviews (IDIs) or Focus Group Discussions 
(FGDs). Most of the participants indicated great enthusiasm for the 
household training and had retained messages related to environmental 
and behavioral risk factors and pinpointed barefoot exposure to mineral 
particles in the soil as an important cause. Using various metaphors, 
participants also discussed the joint role of heredity and environment: 
distinguishing ‘inherited susceptibility’ from that of ‘inherited disease’, 
specifying the pathways barefoot exposure to irritant mineral particles 
operate with inherited susceptibility, stating the contribution of heredity 
in population-risk variation, identifying strategies for behavioral control of 
genetic expression, and indicating favorable attitude towards interpersonal 
interactions. However, some still faced difficulties in understanding the 
mode of inheritance of podoconiosis. These participants either persisted 
with beliefs in either genetic or environmental essentialism in podoconiosis 
etiology. Younger participants seemed to have better understanding of 
hereditary risk than older participants. Economic hardship was the major 
barrier perceived to impede translation of the skills training into action. 
Community-wide dissemination of linguistically and culturally adapted 
gene-environment messages through younger populations may encourage 
accuracy of understanding, while integrating this with development 
packages may contribute to sustained preventive behavior.

496
MULTISECTORAL APPROACHES TO HELMINTH CONTROL 
WITH DEWORMING AND WASH IN AN HIV-INFECTED 
POPULATION

Arianna Means1, Lisette van Lieshout2, Krista Yuhas1, Jaqueline 
Naulikha3, Paul Ndungu3, Benson Singa3, Heidi Hillesland1, Judd 
Walson1

1University of Washington, Seattle, WA, United States, 2Leiden University 
Medical Center, Leiden, Netherlands, 3KEMRI, Nairobi, Kenya

The London Declaration calls for a reduction in helminth-associated 
morbidity by 2020 and as a result it is important to understand how 
infection can be prevented through mass treatment as well as how 
transmission may be disrupted by removing reservoirs of infection from 
the environment with water, sanitation, and hygiene (WASH) strategies. 
We aimed to estimate the association of different chemotherapeutic and 
WASH “packages” with helminth infection status and infection intensity. 
This study is a retrospective cohort study nested within the Helminth 
Eradication to delay ART Trial (HEAT). Participants are HIV-infected patients 
recruited from clinics at three sites in Kenya (Kisii Provincial Hospital, 
Kisumu District Hospital, and Kilifi District Hospital). The exposures of 
interest are four WASH and helminth protection categories, including (1) 
access to deworming and WASH, (2) access to deworming only, (3) access 
to WASH only, and (4) access to neither. Because WASH access is actually 
comprised of a multitude of protective factors, the analysis is performed 
considering combinations of four definitions of WASH access, including: 
individuals who purchase purified water or treat water independently 
(filtration, chlorination, etc), individuals who have access to a flush toilet 
or pit latrine in their house or on their compound, individuals who always 
report hand washing post-toilet, and individuals who live in houses in 
which the floors of the house are made of cement, iron, stone, or timber 
(non-earthen). Although microscopy was previously performed, the 
740 stool specimens were also analyzed for helminth infections using 
multiplex real time PCR analysis. We performed logistic and multiple 
linear regression to estimate the association between different helminth 
protection categories and presence of infection and infection intensity, by 
helminth species. Thus this study uniquely identifies the WASH factors that 
alone and in combination with deworming can reduce helminth infections 
in this immunocompromised patient group.

497
INTEGRATED HEALTHCARE DELIVERY: IDENTIFYING AND 
HARMONIZING MULTILEVEL STAKEHOLDER PERSPECTIVES 
REGARDING INTEGRATED NEGLECTED TROPICAL DISEASE 
PROGRAMS

Arianna Means1, Julie Jacobson2, Aryc Mosher2, Judd Walson1

1University of Washington, Seattle, WA, United States, 2Bill & Melinda 
Gates Foundation, Seattle, WA, United States

One of the major challenges facing Ministries of Health in less developed 
countries is the ad-hoc manner in which health systems have been built to 
vertically address single diseases at a time. To strengthen health systems 
sustainably, many global health leaders promote integration of vertical 
programs into shared delivery infrastructures. Due to their significant 
degree of co-endemicity, the neglected tropical diseases (NTDs) are 
an example of a group of diseases in which synergistic integration is 
possible. The goal of this research is to harmonize different stakeholder 
approaches to integrated program delivery and, as a result, identify 
strategies for increasing the effectiveness of integrated programs and 
reducing NTD prevalence. Thus this study’s primary research question is: 
how do perceptions regarding the role, effectiveness, and implementation 
of integrated NTD programs differ among NTD stakeholders? We 
conducted key informant interviews with stakeholders at each level of 
the integrated delivery implementation spectrum including: the World 
Health Organization, Ministry of Health workers in endemic countries, 
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implementation partner organizations, donor partners, local health 
providers, and community members. The study design is mixed methods; 
baseline quantitative surveys informed development of the qualitative 
study and guided the purposeful sampling of stakeholders. Based in 
an inductive grounded theory approach, this research utilizes a mix of 
respondent and informant questions during semi-structured interviews to 
identify how stakeholders define, prioritize, and execute integrated NTD 
programming. We present key findings from 43 interviews and propose 
a framework for integrated NTD delivery to harmonize stakeholder 
perspectives. Thus this study offers important insights for health systems 
more broadly by serving as an opportunity for understanding how to 
promote inclusive frameworks for cross-program coordination.

498
HOW CAN INTEGRATING SANITATION AND HYGIENE INTO 
NTD CONTROL PROGRAM ACCELERATE REDUCTION IN 
NTDS? BURKINA FASO CASE STUDY

Renuka Bery1, Edouard Tianhoun2, Lonna Shafritz1

1FHI 360, Washington, DC, United States, 2FHI 360, Ouagadougou, 
Burkina Faso

Burkina Faso, one of the poorest countries in the world, has low sanitation 
coverage, inadequate hygiene practices, and high levels of morbidity 
associated with poor water, sanitation and hygiene (WASH), all factors 
that contribute to high rates of neglected tropical diseases. For example, 
WHO recommends the use of the Surgery, Antibiotics, Face Cleanliness 
and Environmental Improvement (SAFE) strategy for trachoma, and 
without proper WASH, zones of high trachoma prevalence will continue 
to exist and jeopardize any progress achieved as a result of addressing 
other SAFE strategy elements. United States Agency for International 
Development’s WASHplus project identified WASH interventions to assist 
in eliminating and/or controlling trachoma, soil transmitted helminths, 
and schistosomiasis. The project conducted a desk review and chose to 
develop an integrated pilot program to integrate sanitation and hygiene 
into NTD programming in Burkina Faso, which has had a national NTD 
control program since 2007. Integration is gaining traction in the public 
health community but the means to monitor progress and identify the 
most effective indicators is still under discussion by the NTD and WASH 
communities. This activity aims to develop a model for an integrated 
WASH-NTD program, working with multiple stakeholders (predominantly 
Government and UNICEF), that can be scaled up in Burkina Faso by other 
implementers and be adapted and replicated in other countries. To achieve 
this objective, the intervention will be a comprehensive, community-
focused WASH-NTD program implemented using multiple behavior change 
approaches and channels to support the adoption of crucial practices 
for disease prevention, including programming for caregivers, through 
schools and through local health workers, and radio. The comparison area 
in this area will use only one channel: local radio. Currently implementing 
the baseline study in Gnagna province, WASHplus will describe the 
intervention, present the combined WASH/NTD indicators developed to 
measure this integrated WASH-NTD program and highlight the preliminary 
findings gleaned through the baseline survey.

499
PATENT EXTENSION VOUCHER: A POTENTIAL INCENTIVE FOR 
NEGLECTED TROPICAL DISEASES RESEARCH

Laureano Mestra
Ipsum Clinical, Medellin, Colombia

A Neglected Tropical Disease (NTD) is a condition that, despite its 
frequency is not necessarily low, has been for different reasons, especially 
for affecting the poorest people of the world, submitted to the ostracism 
of low investment to find better therapeutic options. The burden of 
disease coming from the NTDs is really high and is very close to other 
very prevalent conditions in terms of disability-adjusted life years (DALYs). 
But, none less important is the burden of annual losses on productivity 

within the low-income countries affected by NTDs. NTDs are not only 
a health problem, they are also an economic and social problem that is 
delaying the economies of these countries and why not, the whole world. 
Therefore, it is important to find the best way to stimulate the funding 
in the NTDs research arena. Unfortunately, it seems to be that not only 
good intentions are enough in order to obtain the funds to shorten the 
pipeline to find new compounds for these diseases. In 2006 a group of 
academics proposed what today we know as the FDA’s NTDs Voucher. 
The idea is quite simple; if a pharmaceutical company succeeds getting 
the approval from FDA of a compound for one of the NTDs, this company 
will obtain a Priority Review Voucher (PRV). This means that the time it 
takes FDA, within the Fast Track Program (FTP), to review a new drug 
application is reduced. The goal for completing a Priority Review is six 
months. This is supposed to be a tool that can be very useful to put new 
compounds for NTDs into the market but the outcomes so far are not like 
they were expected at the beginning. An improved version of the voucher 
to stimulate the development of drugs for NTDs is proposed. The idea is 
based on granting a Patent Extension Voucher (PEV) for the companies 
that achieve in marketing an NTD compound, but taking into account 
the possibility of second use compounds for NTDs, a demonstrated 
effectiveness, impact on the targeted NTD and the current advantages of 
the FDA’s PRV. Finally, a way to calculate the value of the proposed PEV is 
explained.

500
BURDEN OF NEGLECTED TROPICAL DISEASES IN MACHALA, 
ECUADOR

Abigail G. Fessler1, Saurabh Mehta1, Efraín Beltrán-Ayala2, Anita 
L. Arichábala Wilches2, Timothy P. Endy3, Mark Polhemus3, Anna 
M. Stewart-Ibarra3, Sadie J. Ryan4, Julia L. Finkelstein1

1Cornell University, Ithaca, NY, United States, 2Ministry of Health, Machala, 
Ecuador, 3Center for Global Health and Translational Science, SUNY 
Upstate Medical University, Syracuse, NY, United States, 4Department 
of Geography and Emerging Pathogens Institute, University of Florida, 
Gainesville, FL, United States

Neglected tropical diseases (NTDs) are a major threat to public health, 
particularly in Latin America where the disease burden remains high. We 
examined the burden of neglected tropical diseases in Machala, Ecuador, 
a coastal city in southern Ecuador near the Peruvian border. A total of 
398,919 records were analyzed from a citywide database of clinic visits 
in Machala, Ecuador in 2014, to report the prevalence of NTDs, including 
helminthic, viral, bacterial, and protozoan infections. Binomial regression 
was used to examine the associations of NTD occurrence with socio-
demographic factors. There were 1,919 NTD-related clinic visits in Machala 
in 2014; viral infections were the most commonly reported (85.0%), 
followed by helminthic (13.9%), bacterial (<1.0%), and protozoan 
(<1.0%) infections. Dengue fever was the most common NTD, with 1,631 
cases throughout the year, accounting for over 95% of viral NTD cases. 
Ascariasis was the most common helminthic infection (73.8%), followed 
by schistosomiasis (9.7%). Children under five had a 2-fold greater risk 
of presenting with ascariasis (RR: 1.95, 95% CI: 1.44-2.64, p<0.0001), 
and school-age children (5-11y) had a 7-fold higher risk of presenting 
with strongyloidiasis (RR: 6.84, 95% CI: 1.53-30.55, p<0.05), compared 
to all other age groups. The burden of dengue fever was the highest in 
adolescents (12-18y), with a 3-fold higher risk (RR: 3.05, 95% CI: 2.73-
3.40, p<0.0001), compared to all other age groups. Bacterial infections 
were most common in the elderly (≥65y), with a 16-fold higher risk of 
bacterial NTDs (RR: 16.19, 95% CI: 5.44-48.18, p<0.0001), and a seven 
times greater risk of yaws (Treponema pertenue) (RR: 6.94, 95% CI: 1.74-
27.75, p<0.01), compared to other age groups. Men had a nine times 
greater risk of cysticercosis (OR: 8.79, 95% CI: 1.90-40.68, p<0.01), 
compared to women. The burden of NTDs, including dengue fever and 
helminthic infections, is high in coastal Ecuador, and varies by age and sex. 
Findings highlight the need for continuous active surveillance to identify 
risk groups and target preventive interventions to reduce the burden of 
neglected tropical diseases in Ecuador.
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501
IMPACT OF ONCE AND TWICE YEARLY MASS DRUG 
ADMINISTRATION ON BANCROFTIAN FILARIASIS AND SOIL 
TRANSMITTED HELMINTH INFECTION IN CENTRAL JAVA, 
INDONESIA

Taniawati Supali1, Yenny Djuardi1, Maria Kaisar1, Difa Stefanie1, 
Gary J. Weil2, Peter Fischer2

1University of Indonesia, Faculty of Medicine, Jakarta, Indonesia, 2Infectious 
Diseases Division, Department of Internal Medicine, Washington University 
School of Medicine, St. Louis, MO, United States

Lymphatic filariasis is still prevalent in many areas of Indonesia. The 
Global Program to Eliminate Lymphatic Filariasis is based on annual mass 
drug administration (MDA) of the at-risk population. Although previous 
studies have shown a significant decrease of microfilaremia (Mf) after 
MDA in some areas, elimination from all endemic areas may need many 
years. Therefore, intensified MDA would be more useful in terms of 
duration, cost and compliance. The aim of the study was to compare the 
impact of annual and semi-annual MDA on W. bancrofti infections and 
on co-endemic soil transmitted helminth (STH). Two sub-urban villages 
Pekalongan District, Central Java with Mf prevalence rates ranging from 
2%-7% received either once or twice yearly MDA with single dose of 
DEC/albendazole. Blood and stool samples were collected for detection 
of filarial antigen in blood by the ICT card test, Mf by three-line blood 
smear, and STH eggs in stool by duplicate Kato Katz smear. There was no 
significant difference in Mf prevalence before and after treatment in both 
groups; however, the decrease of antigen rates was significant on both 
regimens: once-yearly treatment (p0.1). Trichuris prevalence decreased 
significantly either with once a year treatment (p=0.004) or twice yearly 
MDA (p<0.0001). In conclusion, short-term evaluation showed that in 
our study area an additional round of DEC/albendazole did not lead to 
stronger reduction of Mf rates, but the beneficial effect on STH was larger 
after twice yearly MDA.

502
DEVELOPMENT OF A SIMPLE DIPSTICK ASSAY FOR 
OPERATIONAL MONITORING OF DDT FOR VISCERAL 
LEISHMANIASIS AND OTHER VECTOR CONTROL PROGRAMS

Mark J. Paine1, Hanafy M. Ismail1, Marlize Coleman1, Rudra P. 
Singh2, Rudraprakash K. Das Gupta3, Akshay C. Dhariwal3, Vijay 
Kumar2, Pradeep Das2
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3National Vector Borne Disease Control Programe, New Delhi, India

Indoor residual spraying (IRS) of insecticides can be extremely effective 
but only if correct quantities are applied. Unfortunately, disease control 
programmes are being hampered by a lack of affordable, user-friendly 
tools to monitor insecticide concentrations as part of quality assurance 
activities. The application of DDT insecticide continues to be a frontline 
option for the control and ultimately elimination of visceral leishmaniasis in 
India. We have developed a simple dipstick assay for DDT quantification. 
The assay is specific for active DDT (p,p`-DDT). It has been tested against 
~2000 field samples from residential houses in Bihar state in India and 
validated against high performance liquid chromatography (HPLC). The 
dipstick assay matched HPLC results very closely and appeared to indicate 
a large variation in the actual levels of DDT being sprayed. Further field 
trials to confirm performance are planned. With the continuing use of DDT 
spraying as a strategic intervention for VL control, the simple dipstick assay 
provides a much needed quality assurance tool for monitoring DDT levels 
to promote the effective use of the insecticide.

503
CO-IMPLEMENTATION OF NTD MASS DRUG 
ADMINISTRATION AND IMMUNIZATION: THE TANZANIA 
EXPERIENCE

Upendo Mwingira1, Bernard Kilembe1, Alex Mphuru1, Neema 
Rusibamayila1, Kathryn Crowley2, Lisa Rotondo2, Dafrossa Lyimo1

1Ministry of Health and Social Welfare, Tanzania, Dar es Salaam, United 
Republic of Tanzania, 2RTI International, Washington, DC, United States

The Tanzania NTD control program aims to eliminate LF by 2020 
through five years of annual MDA treatment. Immunization services 
are provided free of charge as part of Primary Health Care (PHC) in 
all public and private Reproductive and Child Health (RCH) clinics. 
IVD’s recent expansion of activities has resulted in coverage of >85% 
of health facilities in the country and is projected to reach 95% in 
2015. At the same time, Tanzania had 166,743 children unvaccinated 
for measles from 2011 to 2013. This huge number of unvaccinated 
children puts the country at risk of measles outbreaks and thus a need 
to catch up in 2 -3 years interval. In 2014, the Ministry of Health (MOH) 
planned to conduct two separate campaigns in roughly the same 
time period: annual mass drug administration (MDA) for children and 
adults aged 5 and older with ivermectin and albendazole to treat LF, 
STH, and onchocerciasis where endemic in 101 districts, and a national 
immunization campaign to vaccinate children 5-15 for measles and 
rubella and distribute mebendazole and vitamin A to children < 5 in 
166 districts. Given the short interval between the two campaigns 
and overlap in target populations, the MOH decided to coordinate the 
campaigns to increase coverage and decrease cost and effort. A total of 
20,529,629 (97%) children targeted were vaccinated with Measles With 
respect to Vitamin A, a total 8,136,451 (109%) children targeted were 
supplemented. Moreover, Mebendazole coverage was also 109%. And 
a total of 20,864,594 (76%) people were reached with Ivermectin and 
Albendazole. Furthermore, the NTD program conducted mop-up visits to 
districts with low program coverage. The joint campaign demonstrated the 
importance of adequate micro planning and mapping of service areas to 
ensure all communities, including the hard-to-reach, receive interventions. 
This experience demonstrated that integrated vaccination campaigns 
can be used as a vehicle to increase the uptake other important health 
interventions including NTD medicines with relatively low implementation 
costs and time when compared if the two interventions were implemented 
vertically.

504
ARE WE ACHIEVING TREATMENT COVERAGE TARGETS FOR 
NTD ELIMINATION AND CONTROL PROGRAMS?

Katie Zoerhoff1, Kalpana Bhandari1, Hannah Frawley1, Russell 
Owen1, Margaret Baker1, Zunera Gilani2
1RTI International, Washington, DC, United States, 2United States Agency 
for International Development, Washington, DC, United States

Treatment coverage is a key performance indicator to measure whether 
NTD programs are on track to achieve their control and elimination goals. 
Identifying persistent pockets of disease transmission due to low coverage 
is important in order to prevent derailing a country’s progress towards 
achieving elimination. The question explored here is whether countries 
supported by United States Agency for International Development are 
meeting the minimum coverage targets set for mass drug administration 
(MDA) for NTDs. NTD MDA treatment datasets created by national 
programs in 19 countries supported by United States Agency for 
International Development between 2007 and 2015 were analyzed. 
Program coverage was calculated as the number treated as a percentage 
of the number persons targeted and eligible for treatment. Results were 
measured against the global program coverage target of 80%. In 2013, 
mean program coverage was 80% or higher for all of the diseases in 
12 out of the 17 countries supported, and between 2007-2015 districts 
achieved sufficient coverage 79% of the time. This means that about one 
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fifth of MDAs have fallen short of the targets set, with 15% of all districts 
found to be “repeat offenders” - achieving <80% coverage in at least 
two consecutive years. The percentage of MDAs meeting coverage targets 
varied across diseases, ranging from an average of 86% for districts 
treated for onchocerciasis to 39% for districts treated for schistosomiasis. 
Reasons for low reported coverage include data quality concerns such as 
accurately estimating the target population, and program implementation 
issues including MDA timing, staff and volunteer retention, and social 
mobilization. These results highlight the need for national programs 
to analyze their data after every MDA in order to identify districts with 
persistently low coverage, diagnose the cause, and take action. Actions 
may include checking coverage estimates by implementing post-MDA 
coverage surveys or conducting formal data quality assessments, collecting 
information on reasons for not participating in the MDAs, and adjusting 
program implementation strategies such as tailoring social mobilization 
approaches among populations with poor compliance.

505
ASSESSING DATA QUALITY OF NEGLECTED TROPICAL 
DISEASE INTEGRATED CONTROL PROGRAMS: THE TANZANIA 
EXPERIENCE

Andreas Nshala1, Bernard Kilembe2, Honorati Zoure3, Alexander 
Tiendrebeogo4, Deogratias Damas1, Sarah Craciunoiu5, Maria 
Chikawe2, Upendo Mwingira2

1IMA World Health, Dar es Salaam, United Republic of Tanzania, 
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Brazzavile, Republic of the Congo, 4World Health Organization, AFRO, 
Ouagadougou, Burkina Faso, 5IMA World Health, Washington, DC, United 
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Neglected tropical diseases (NTDs) are endemic in all parts of Tanzania. 
This puts 47 million Tanzanians at risk of infection of two or more NTDs. 
In 2014 alone, over 57 million treatments were distributed reaching 21 
million people countrywide. The program is expanding its activities and the 
geographical coverage is expected to rise from 64% in 2014 to 100% by 
2016. As the program expands, maintaining good quality data becomes 
even more important. A data quality assessment (DQA) was implemented 
in May 2014 using pilot tools developed by the World Health Organization 
(WHO) and partners to assess the quality of the reported data from lower 
levels and the ability of the program to collect and report quality data. A 
brief desk review of programmatic reporting challenges was completed 
and four indicators for DQA were identified. Three regions that reported 
good to moderate coverage were purposefully selected to take part in 
the assessment. One district per region was randomly selected. Two 
health facilities per district and four communities (service delivery points 
(SDPs)) per health facility were selected using population proportionate 
to size. A recount of data was carried out on paper at all levels and 
a systems assessment was completed using a Microsoft excel-based 
system. DQA results indicate that the Tanzania program has a sound data 
management and reporting system (scores of 2.1-3) and produces quality 
data (verification factor of 0.8 to 1). However, there was sub-optimal 
performance across all service delivery points and health facilities, calling 
for more support and training to be provided at these lower levels of 
data collection to ensure quality data is generated and reported properly. 
Despite the strong reporting system, quality data across all intermediate 
levels and the SDPs needs greater attention. It was concluded that these 
types of assessments should be done routinely and frequently at district 
level to help provide more immediate feedback, which can facilitate timely 
corrective actions.

506
A NATIONWIDE INTEGRATED EVALUATION OF PROGRESS 
WITH ONCHOCERCIASIS, SCHISTOSOMIASIS, SOIL-
TRANSMITTED HELMINTH AND LYMPHATIC FILARIASIS 
CONTROL IN TOGO

Rachel N. Bronzan1, Yao M. Agbo2, Yao Layibo2, Gbati M. 
Datagni3, Wemboo Halatoko2, Kossi G. Yakpa2, Koffi S. Sognikin2, 
Potchoziou Karabou2, Anders Seim4, Améyo M. Dorkenoo2

1HDI, Seattle, WA, United States, 2Ministry of Health, Lomé, Togo, 3HDI, 
Lomé, Togo, 4HDI, Oslo, Norway

Togo has numerous national programs aimed at the control of neglected 
tropical diseases. Togo’s Onchocerciasis Control Program has implemented 
mass drug administration (MDA) for onchocerciasis for over 15 years and 
has drafted a national plan for onchocerciasis elimination, the Lymphatic 
Filariasis (LF) Elimination Program just successfully completed its second 
post-MDA Transmission Assessment Survey (TAS), and the Integrated NTD 
Control Program has implemented integrated MDA for schistosomiasis 
(SCH) and soil-transmitted helminths (STH) for six years. In February 
2015, the Togo Ministry of Health launched a nationwide, integrated 
evaluation for these three programs to 1) measure the impact of multiple 
years of MDA for SCH and STH, 2) gather preliminary data on Ov16 
seroprevalence, 3) validate the results of the final post-MDA LF TAS using 
the Wb123 ELISA, and 4) examine the feasibility, challenges and cost of 
this complicated integrated activity. The survey used the same sampling 
scheme as that used for the 2009 baseline mapping of SCH and STH 
prevalence. At the same two schools in each of the 560 peripheral health 
units sampled in 2009, a convenience sample of 15 school-going children 
aged 6 to 9 years submitted stool and urine samples. Stool was examined 
for SCH and STH using the Kato-Katz method. Urine reagent strips were 
used to detect hematuria as an indirect measure of S. haematobium. 
Eight of the 15 children in each school were tested for onchocerciasis 
using the Ov16 rapid test. In 8 districts previously endemic for LF and 
1 district containing villages with a persistence of onchocerciasis, all 
children tested by Ov16 rapid test provided blood spots on filter paper for 
later testing by Ov16 ELISA and Wb123 ELISA for LF. More than 16,000 
children at 1,128 schools were tested for SCH, STH and onchocerciasis 
and more than 2,700 children were tested by ELISA for onchocerciasis and 
LF. Preliminary results show low prevalence of onchocerciasis and LF, and 
significantly reduced prevalence of SCH and STH. Though the survey posed 
logistical challenges, it proved to be an effective and cost-saving means of 
assessing multiple programs simultaneously.

507
THE GEOGRAPHIC DISTRIBUTION OF LEPROSY, 
SCHISTOSOMIASIS AND LEISHMANIASIS IN FOUR 
MUNICIPALITIES IN MINAS GERAIS, BRAZIL: IMPLICATIONS 
FOR CONTROL OF NTDS IN AN ENDEMIC AREA

Deidra Ansah1, José A. Ferreira2, Marcelo H. de Alcântara3, Soraya 
Herica2, Uriel Kitron4, Jessica K. Fairley1

1Emory University School of Medicine, Atlanta, GA, United States, 
2Faculdade de Saude e Ecologia Humana, Vespasiano, Brazil, 3Vespasiano 
Department of Health, Vespasiano, Brazil, 4Emory University, Atlanta, GA, 
United States

While it is known that leprosy is associated with poverty, the exact 
mechanisms remain to be elucidated. Limited data suggest that helminth 
infections could shift its presentation towards the lepromatous end of the 
spectrum; however, there is little published on the geographic overlap of 
leprosy and parasitic infections in Brazil. This study aims to investigate the 
geospatial distribution of leprosy, Schistosoma mansoni infection, and 
visceral leishmaniasis reported in 4 municipalities of Minas Gerais, Brazil 
over the last 8-10 years. Using the Brazilian national notifiable disease 
surveillance system (SINAN), data were collected on cases of leprosy, S. 
mansoni infection and visceral leishmaniasis between January 1, 2007 
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(January 1, 2005 for leprosy only) and February 28, 2015 reported in 
the following municipalities: Vespasiano, Pedro Leopoldo, Confins, and 
Santano do Riacho. Demographic characteristics such as age, gender, 
occupation, neighborhood and municipality of residence were tabulated. 
Analyses including those using geospatial information system (GIS) are 
underway. During the study period, there were 183 cases of leprosy, 200 
cases of S. mansoni infection, and 318 cases of visceral leishmaniasis. 
For leprosy, the median age at notification of disease was 48 years (range 
6-97) and 46% were female. Multibacillary disease predominated at 
76% of cases. For Schistosoma mansoni infection, the median age was 
30.5 years (range <1 to 84) and 33% were female. The median age for 
leishmaniasis was 32.5 years (range <1 to 89) and 38.7% were female. 
The highest proportions of cases of leprosy (42.1%) and of schistosomiasis 
(34.0%) were in the same municipality, which also had the second 
highest number of leishmaniasis cases (33.5%). Geospatial mapping will 
inform the epidemiology of these infections to lay the foundation for 
more in-depth studies of potential interactions between them. With the 
immunologic consequences of chronic parasitic diseases, investigating co-
infections and their role in the presentation of leprosy has the potential for 
significant impact on the control of leprosy and other neglected tropical 
diseases.

508
IMPACT OF FOUR TO FIVE YEARS OF INTEGRATED MASS 
DRUG ADMINISTRATION ON SCHISTOSOMIASIS AND SOIL-
TRANSMITTED HELMINTHS IN TOGO

Améyo M. Dorkenoo1, Wemboo Halatoko1, Yao M. Agbo1, Yao 
Layibo1, Efoé Sossou1, Kossi G. Yakpa1, Koffi S. Sognikin1, Komi I. 
Amegbo1, Rachel N. Bronzan2

1Ministry of Health, Lomé, Togo, 2HDI, Seattle, WA, United States

Schistosomiasis and soil-transmitted helminths (STH) are prevalent 
throughout Togo. In 2009, the Ministry of Health of Togo (MOH) mapped 
the prevalence of schistosomiasis and STH throughout Togo in preparation 
for treatment through mass drug administration (MDA). All 560 peripheral 
health units (PHU) outside the capital of Lomé were mapped, except for 
11 PHU mapped in 2006 during a pilot phase. Since 2010, the MOH has 
implemented integrated MDA for the control of schistosomiasis, STH and 
onchocerciasis based on the prevalence of disease and according to WHO 
guidelines. Reported coverage for the MDAs has been high, averaging 
97.0% for schistosomiasis and 99.2% for STH during the past three 
years. In February 2015, Togo’s MOH conducted a nationwide assessment 
(integrated with onchocerciasis and lymphatic filariasis surveillance) to 
measure the impact of MDA and amend MDA targets based on the new 
prevalence data. The sampling scheme was identical to that used during 
the baseline mapping. The two schools sampled at baseline in each of 
the 560 PHU were revisited and a convenience sample of 15 school-
going children aged 6 to 9 years submitted stool and urine samples. 
Stool was examined for schistosoma and STH eggs using the Kato-Katz 
method. Urine reagent strips were used to detect hematuria as an indirect 
measure of S. haematobium. A subset of urine samples were filtered 
and examined for eggs. More than 16,000 children at 1,128 schools were 
tested for schistosomiasis and STH. Preliminary results show a significant 
reduction in the prevalence of schistosomiasis and STH compared to 2009. 
Implementation of future MDAs will be based on the new prevalence data 
for schistosomiasis and STH, however, new population targets must be 
developed with consideration of the risk of disease recrudescence if MDA 
ceases. The findings from this study provide cause for optimism in the 
long-term control of schistosomiasis and soil-transmitted helminths. Efforts 
will be made to engage partners to support additional interventions (snail 
control, improvements in water, sanitation and hygiene) to achieve greater 
and sustained reductions in these diseases.

509
HEALTHY HOUSING FOR HEALTHY LIVING: HOME 
IMPROVEMENT TO CONTROL VECTORIAL TRANSMISSION OF 
CHAGAS DISEASE IN LOJA PROVINCE, ECUADOR
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Darwin Guerrero3, Esteban G. Baus3, Mario J. Grijalva1
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Healthy Homes for Healthy Living (HHHL) is a health promotion strategy 
aimed at interrupting Chagas disease transmission by creating living 
environments designed to prevent the presence of triatomines in homes 
of three rural communities of southern Ecuador. These living environments 
consider the conditions of domestic and peridomestic areas, as well 
as practices associated with hygiene and organization of the space 
according to social, cultural and economic practices of this region. Based 
on a participatory decision-making processes that stimulated knowledge 
sharing between local communities and researchers, HHHL built the 
first prototype of an entirely reconstructed anti-triatomine house in 
2013. Subsequently, HHHL partnered with two new families in 2014 
to determine infrastructural and health promotion processes required 
to improve homes that do not require full reconstruction but minimal 
improvement. Anti-triatomine measures in this case included screen 
in doors and windows, installation of false ceilings to improve internal 
temperature, roof marquee to facilitate entrance of natural light, and 
walls plastering and painting that facilitate localization of triatomines. 
Local materials were used to create fences, storage units, and animal 
shelters in the peridomestic areas. Particular attention was given to health 
promotion activities emphasizing the relationship between health, living 
environments, and Chagas disease. Health promotion efforts included 
regular reinforcement of practices previously identified as protective 
against triatomines presence such as sweeping with natural insecticides, 
prevention of cohabitation with domestic animals, and reduction of 
materials piled around the home. A Healthy Home Guardian was selected 
amongst the children of the family. Most Significant Change evaluative 
framework was used to assess appropriation of the space after a year of 
use of the anti-triatomine measures.

510
COMMUNITY HEALTH WORKERS SPECIALIZED IN 
CHAGAS DISEASE: A NEW APPROACH TO OVERCOME 
UNDERDIAGNOSIS

Miriam Navarro1, Bárbara Navaza1, Teresa Blasco2, Lucía García 
San Miguel2, Paloma Merino3, Isabel Clavería4

1Fundación Mundo Sano, Madrid, Spain, 2Centro Nacional de Medicina 
Tropical, Instituto de Salud Carlos III, Madrid, Spain, 3Hospital Universitario 
Clínico San Carlos, Madrid, Spain, 4Centro de Medicina Tropical Drassanes-
Vall d´Hebron, PROSICS, Barcelona, Spain

Chagas disease has overcome borders and become global. Spain is the 
most affected country of Chagas disease in Europe, and the second 
globally in terms of infection among migrants (after US). More than 
60% of the estimated people with Chagas disease (more than 45,000 
adults) are women of child-bearing age. Mother to child transmission 
of Trypanosoma cruzi is feasible in non-endemic countries. Europe 
still faces an underdiagnosis of 90%. Among population from endemic 
areas, lack of knowledge, stigma and fear are still linked to the disease. 
From February to September 2013, we recruited and trained in Madrid 
four mothers T. cruzi as community health workers (CHW) specialized in 
Chagas disease (“Mothers Committed To Chagas’ Disease: Taking Action 
Here And There”® program). They came from Bolivia (Cochabamba and 
Santa Cruz), and average age was 34.7 (28-47y). Qualitative research 
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was performed concurrently in order to evaluate the program and the 
evolution of their experiences related to Chagas disease. After the 
training, all mothers shown improved knowledge about Chagas disease 
and maternal and child health, and their evaluations of the program were 
excellent. Their way to face the disease also changed. They started to 
perform activities among their communities, showing their commitment 
to the program. Since then (14 months), in Spain, population at-risk (par) 
have been informed: 424 through 30 chats given to groups, 460 par 
individually (in person/by telephone), around 300 have been tested thanks 
to the program (35 people were accompanied to the consultation by the 
CHW), and more than 7,000 par have received informative material). Last 
July (2014) in Cochabamba (Bolivia): 185 par were informed through 25 
chats performed in hospitals, open spaces and churches. These CHW 
specialized in Chagas disease represent a global, pioneer and very useful 
tool in our settings (here, non-endemic countries) and in their countries 
of origin (there). The program is going to be replicated in Madrid and 
Barcelona in 2015.

511
THE CRITICAL ROLE OF SCIENTIFIC RESEARCH IN THE FIGHT 
AGAINST THE NEGLECTED TROPICAL DISEASES: EXPERIENCE 
FROM THE AFRICAN PROGRAM FOR ONCHOCERCIASIS 
CONTROL

Daniel A. Boakye1, Wilma Stolk2, Afework Tekle1, Honorat 
Zoure1, Grace Fobi1, Francois Sobela1, Adrian Hopkins3, Chris 
Mwikisa1, Jean-Baptiste Roungou1

1African Programme for Onchocerciasis Control, Ouagadougou, Burkina 
Faso, 2Erasmus MC, University Medical Center Roterdam, Roterdam, 
Netherlands, 3Taskforce for Global Health, Mectizan Donation Program, 
Decatur, GA, United States

The African Programme for Onchocerciasis Control (APOC, 1995-2015) 
is one of the most successful Public-Private health partnerships in Africa. 
The programme was set up following the donation of ivermectin by Merck 
and Co. Inc, to implement a sustainable distribution treatment system 
with ivermectin in all onchocerciasis-endemic countries in Africa. Currently 
onchocerciasis is controlled in most of the 31 endemic African countries 
with Malawi, Niger, Senegal, Mali and Chad performing surveys to see 
whether transmission is interrupted and interventions can be stopped. 
A key factor underlying this phenomenal public health achievement has 
been the quick uptake of research results for interventions and strategy 
adjustments. We review the interplay between science and policy, that 
has shaped APOC operations from mapping the extent of the disease 
endemicity, adoption of the CDTI strategy for implementation, resolving 
implementation challenges such as Loa loa endemicity, change in 
objective from control to elimination and development of new tools 
and methodologies including modelling in the assessment of the impact 
of interventions and progress towards elimination. For example, recent 
research findings from studies on vector species distribution have led 
to the development of maps delineating transmission zones which 
has been used to modify operational procedures to assess interruption 
of transmission. Another example is a quick research uptake of the 
Esperanza window trap and its introduction in the operations of APOC for 
transmission assessment. The most recent finding of some critical research 
such as modelling the spread of possible non-response to ivermectin 
and its impact on elimination will also be presented. APOC will cease by 
the end of 2015 paving the way for the establishment of a new entity 
for the control and elimination of neglected tropical diseases amenable 
to preventive chemotherapy (PC-NTDs). As illustrated by the APOC 
experience, for the fight against the PC-NTDs to be successful, it is critical 
that strong structures remain in place to steer critical research and ensure 
the rapid uptake of results.

512
INVESTIGATING CHANGES IN MONOCYTE PHENOTYPES AND 
FUNCTIONS IN ACTIVE VISCERAL LEISHMANIASIS PATIENTS

Neetu Singh1, Rajiv Kumar2, Lynette Beattie3, Susanne Nylen4, 
David Sacks5, Christian Engwerda3, Shyam Sundar1
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Immune mechanisms underlying Visceral Leishmaniasis (VL) pathology are 
not well characterised. We hypothesised that M2 macrophages play an 
important role in disease pathogenesis during VL, and aimed to establish 
whether macrophages became polarised towards an M2 phenotype.
We examined the dynamics of M1 and M2 macrophage frequencies and 
phenotypes in the whole blood of active VL patients, at intervals of 7 
days for four weeks until their drug treatment was complete.We found 
only minor changes in the frequency of M1 and M2 macrophages, but 
observed significant changes in the expression of cell surface markers. 
In particular, we found that M2 macrophages increased in frequency 14 
days after drug treatment commenced.We also observed significantly 
reduced expression of CD14 on monocytes from active VL patients, but 
exacerbated TNF-α production in response to LPS, compared with the 
same cells from drug cured and endemic control samples. Although 
we found a strong correlation between CD14 expression and TNF-α 
production in response to LPS in cells from endemic controls, no such 
correlation was found in VL patients, suggesting a hyperactive phenotype 
in VL patient monocytes. Together, our findings indicate dynamic changes 
to macrophage and monocytes populations in VL patients over the course 
of drug treatment, and suggest that the functions of these cells may 
change at different stages of disease.  

513
TRYPANOSOMA CRUZI CAUSES POLYARTERITIS NODOSA-
LIKE LESIONS IN MICE DRIVEN BY PATHOGEN-SPECIFIC TYPE 
I IMMUNITY
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Wan1, Fernanda F. Araujo3, Victoria Hoffman4, Helton C. Santiago5, 
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Infectious agents are often considered potential triggers for chronic 
inflammatory disease, including autoimmunity; however, direct evidence 
is usually lacking. Recently we have established an experimental murine 
model for studying chronic chagasic heart disease, the most important 
clinical manifestation of Chagas’ disease. In mice experimentally 
infected with the myotropic Colombiana strain of Trypanosoma cruzi, 
parasitemia was controlled following acute infection. However, low 
levels of parasites persisted in tissue associated with development of a 
severe chronic systemic vasculopathy having the pathologic hallmarks 
of the human disease polyarteritis nodosa (PAN). Lesions occurred in 
many but not all organs and tissues, with hind limb skeletal muscle 
arteries most severely affected, resulting in associated myositis, atrophy, 
paresis/paralysis and death. Histopathology showed fibrinoid necrosis, 
rare perilesional amastigote nests within skeletal myocytes, and massive 
leukocyte infiltrates composed mainly of inflammatory monocytes, 
F4/80+ macrophages and T. cruzi tetramer-specific CD8+ T lymphocytes 
capable of producing IFNγ and TNFα, but not IL-17. T. cruzi-specific IgG 
was detected in serum from infected mice, but antibody deposits were 
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absent from the lesions. Thus, T. cruzi infection in mice may be a specific 
infectious trigger of severe PAN-like chronic systemic vasculopathy driven 
by pathogen-specific Type I immune responses.

514
MODULATION OF MACROPHAGE FUNCTION VIA 
METABOLISM BY TRYPANOSOMA CRUZI

Sue-Jie Koo
University of Texas Medical Branch, Galveston, TX, United States

Chagas cardiomyopathy is a neglected disease that develops in 
approximately 30% of those infected with the blood-borne parasite, 
Trypanosoma cruzi. Over 8 million people are infected with 
Trypamosoma cruzi; however, no vaccine or safe therapeutics are 
available. Macrophages constitute the early host defense; however, are 
unable to clear T. cruzi resulting in parasite dissemination and disease 
progression. Differential metabolic states, i.e., anaerobic glycolysis 
and mitochondria-dependent oxidative phosphorylation, respectively, 
are suggested to be associated with pro-inflammatory (M1) and anti-
inflammatory (M2) functional activation of macrophages. Reactive oxygen 
species (ROS) have been shown to be an intracellular signal for glycolysis 
while peroxisome proliferator-activated receptors (PPARs) that enhance 
fatty acid oxidation provide transcription control of macrophage functional 
state. In our studies using diverse T. cruzi isolates, we showed that 
SylvioX10 (virulent), but not TCC (non-virulent), isolate of T. cruzi was able 
to control extracellular and intracellular ROS levels in macrophages. We 
found in macrophages infected with SylvioX10, the nuclear expression of 
PPAR-α was increased by 18 h post-infection, and mitochondrial metabolic 
activity was similar to that noted in normal controls; these events are 
indicative of anti-inflammatory function of macrophages therefore 
prohibiting T. cruzi clearance. In ongoing studies, we are examining the 
impact of PPAR-α inhibitors in modulating the metabolic gene expression 
profile, functional phenotype and parasite survival in macrophages. Our 
data will provide the first indication that host macrophages have deficient 
pro-inflammatory capacity due to sub-optimal glucose oxidation and 
enhancing the metabolism that supports T. cruzi clearance will provide a 
valuable basis for a strategy to arrest Chagas disease progression.

515
CASPASE-1/ASC INFLAMMASOME-MEDIATED ACTIVATION 
OF IL-1Β-ROS-NF-ΚB PATHWAY FOR CONTROL OF 
TRYPANOSOMA CRUZI REPLICATION AND SURVIVAL IS 
DISPENSABLE IN NLRP3-/- MACROPHAGES

Nilay Dey, Nisha Jain Garg
University of Texas Medical Branch, Galveston, TX, United States

Chagas disease, caused by Trypanosoma cruzi, is endemic in Latin 
America and an emerging disease in US and other developed countries, 
globally affecting 11-18 million people. Studies in experimental models 
have shown that macrophages (mϕ) among other immune cells play an 
important role in control of T. cruzi infection. The interaction of T. cruzi 
with mϕs and other cell types involved in the innate immune response are 
mediated by pattern recognition receptors (PRRs) such as toll-like receptors 
(TLRs) and Nucleotide binding oligomerization domain (NOD) like receptors 
(NLRs).Multi-meric protein macromolecules formed by NLRs, named 
inflammasomes activate caspase-1 leading to secretion of IL-1β and IL-18.
In this study, we utilized wild-type (WT), ASC-/- and NLRP3-/- macrophages 
and inhibition approaches to investigate the mechanisms of inflammasome 
activation and their role in T. cruzi infection. T. cruzi infection elicited 
a subdued and delayed activation of inflammasome-related gene 
expression and IL-1β production in macrophages in comparison to LPS-
treated controls. When WT and ASC-/- mϕ were treated with inhibitors 
of caspase-1, IL-1β, or NADPH oxidase, we found that IL-1β production 
by inflammasomes required reactive oxygen species (ROS) as a secondary 
signal. Moreover, IL-1β regulated NF-κB signaling of inflammatory cytokine 
gene expression and, subsequently, intracellular parasite replication in 

macrophages. NLRP3-/- mϕ, despite an inability to secrete IL-1β and elicit 
inflammatory cytokine gene expression, exhibited a 4-fold decline in 
intracellular parasites w.r.t. WT controls. NLRP3-/- mϕ were not refractory 
to T. cruzi and exhibited a high basal ROS level, maintained in an IL-1β-
independent manner that contributed to efficient parasite killing. We 
conclude that caspase-1/ASC inflammasomes play a significant role in the 
activation of IL-1β/ROS and NF-κB signaling of cytokine gene expression 
for T. cruzi control in human and mouse macrophages. However, NLRP3-
mediated IL-1β/NF-κB activation is dispensable and compensated for by 
ROS-mediated control of T. cruzi replication and survival in macrophages.

516
MODULATIONS IN HLA-DR EXPRESSION IN VISCERAL 
LEISHMANIASIS INFECTION

Bhawana Singh
Department of Medicine, Institute of Medical Sciences, Banaras Hindu 
University, Varanasi, India

HLA class II is a highly polymorphic cell surface glycoprotein, crucial for 
regulating host immune responses and thereby determining the disease 
outcome in visceral leishmaniasis by their ability to present the foreign 
antigens to CD4+ T lymphocytes and activating the T-cells. The highly 
complex regulation of HLA class II in different cellular compartments 
determines the triggering and maintenance of immune responses and 
has vital role in determining the parasite clearance. This study determines 
the differences in the expression of HLA-DR at the gene as well as the 
functional level in visceral leishmaniasis cases. The study was performed 
on whole blood and splenic aspirates from VL patients pre-/post-treatment 
and endemic control groups at the gene level real time-PCR and the 
functional expression by flow cytometry. There was significantly lower 
expression of DRB1 (p=0.047) in active cases compared to endemic healthy 
controls but there were no significant differences in DRB1 expression in 
active cases compared to paired cured cases in either PBMC (p=0.848) or 
splenic aspirates (p=0.628). At the cellular level, HLA-DR was significantly 
increased on CD14, CD16 and CD19 positive populations while CD4+ 
cells were having lowered kinetics of expression upon drug cure in splenic 
as well as the whole blood. We found that the HLA-DR expression by cell 
types was similar in splenic aspirates as well as the whole blood assays 
but there were functional differences in the levels of HLA-DR expression 
at the gene as well as the protein level. The variable levels of expression 
of HLA-DR on macrophages and B-cells indicates for targeting these cell 
populations for modulating the immune responses by altering the antigen 
processing and presentation abilities hence designing the therapeutic/
prophylactic options for VL.

517
CONTRIBUTION OF NK CELLS TO THE IMMUNOPATHOLOGY 
OBSERVED IN CUTANEOUS LEISHMANIASIS PATIENTS
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Lucas P. Carvalho1, Phillip Scott2, Edgar M. Carvalho1
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Cutaneous leishmaniasis (CL) due to Leishmania braziliensis infection 
is characterized by the development of ulcerative skin lesions. A cross-
sectional study with CL patients from Corte de Pedra and healthy subjects 
was performed. Peripheral blood and lesion biopsies were collected to 
characterize, determine the frequency of cytotoxic sub-populations, 
determine the expression of granzyme and perforin in the cytotoxic sub-
populations and to determine the percentage of degranulating cells. We 
identified four sub-populations of cytotoxic cells in the peripheral blood 
based on the expression of CD56, CD8 and CD3. Then, we determined 
the frequency of these sub-populations in peripheral blood from healthy 
subjects and CL patients. We found that the frequency of NK cells were 
increased in CL patients when compared with healthy subjects while the 
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frequency of CD8 T cells were decreased in CL patients when compared 
with healthy subjects. We evaluated the expression of granzime and 
perforin in cytotoxic sub-populations and we found that NK cells CD8- 
and CD8+ express more granzyme than CD8+ T cells in peripheral blood 
from CL patients and the same way, the two sub-populatios of NK cells 
CD8- and CD8+ express more perforin than CD8+ T cells in peripheral 
blood from CL patients. Cytotoxic lymphocytes presented granzyme 
and perforin proteins. The center is covered by a lysosomal membrane 
glycoprotein, CD107a. During degranulation, CD107a is exposed on the 
cell surface. Thus, CD107a can be a marker of degranulation on cytotoxic 
lymphocytes. We found that NK cells expressed more CD107a than CD8+ 
T cells. NKG2D is an activating receptor found on NK cells and CD8 T 
cells. The ligands for NKG2D are induced during infections making the 
cell susceptible for the lysis by NK cells and CD8 T cells. In experiments 
performed by microarray we found that MICB is expressed in the lesions of 
CL patients. Flow cytometry experiment showed that MICA/B is expressed 
in CD11b cells from the CL lesions and immunostaining for MICB showed 
this ligand in CL lesion. In conclusion, our data suggest a role of NK cells in 
the pathogenesis of cutaneous leishmaniasis.
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TYPE I INTERFERON SIGNALLING SUPPRESSES ANTI-
PARASITIC CD4+ T CELL RESPONSES DURING VISCERAL 
LEISHMANIASIS
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Many pathogens, including viruses, bacteria, and protozoan parasites, 
suppress cell mediated immune responses through activation of type I IFN 
signalling. However the role of type 1 IFN’s during Leishmania donovani 
infection causing visceral leishmaniasis (VL) is not well known. Here we 
report that type-1 IFN’s play an important role in the pathogenesis of 
VL by impairing parasite clearance and suppressing pro-inflammatory 
cytokine production. Mice lacking type-1 IFN signalling (B6.IFNαR1-/- 
mice) had better control of parasite growth and an enhanced Th1 cell 
response. Studies in VL patients supported these findings and showed 
enhanced accumulation of mRNA encoding type I IFN signature genes in 
peripheral blood mononuclear cells (PBMCs) that were reduced following 
successful drug therapy. Critically, we also showed, using a whole blood 
assay, that blockade of type-1 IFN signalling enhanced antigen specific 
IFN-γ production, and that this response was HLA-II restricted. Together, 
these results identify the type-1 IFN signalling pathways as a potential 
therapeutic target to treat VL by stimulating anti-parasitic CD4+ T cell 
responses.

519
CYTOTOXICITY INDUCED BY CD8+ T CELL IN LEISHMANIA 
BRAZILIENSIS LESIONS RESULTS IN INFLAMMASOME 
ACTIVATION, IL-1Β RELEASE AND SEVERE DISEASE

Fernanda Novais1, Lucas Carvalho2, Edgar Marcelino Carvalho2, 
Phillip Scott1

1University of Pennsylvania, Philadelphia, PA, United States, 2Federal 
University of Bahia, Salvador, Brazil

The host immune response plays a critical role not only in protection 
from human leishmaniasis, but also in promoting disease severity. We 
have recently described a pathological role for CD8+ T cells in cutaneous 
leishmaniasis caused by Leishmania braziliensis. Using experimental 
models of infection and skin samples from infected patients, we 
found that cytotoxicity induced by CD8+ T cells is a major mediator of 
immunopathology in cutaneous leishmaniasis. However, the downstream 
mechanisms of cytolytic activity that cause disease severity remain unclear. 
We hypothesized that CD8+ T cells release damage associated molecular 

patterns that activate the inflammasome with the consequent release 
of the pro-inflammatory cytokine IL-1β, amplifying the inflammatory 
response. Using experimental models of cutaneous leishmaniasis, we 
observed that cytotoxic CD8+ T cells induce inflammasome activation as 
measured by IL-1β protein production and active caspase-1 expression. 
We also found increased production of IL-1β by cells from the lesions of 
L. braziliensis patients. Importantly, blocking IL-1β signaling prevented 
pathology induced by CD8+ T cells mice. In summary, we show that IL-
1β is detrimental in L. braziliensis infection and therefore targeting this 
pathway should be considered for immunotherapy in patients infected 
with L. braziliensis.

520
ROLE OF IL-17 IN THE PROTECTION INDUCED IMMUNITY 
BY LIVE ATTENUATED LEISHMANIA DONOVANI CENTRIN 
DELETED PARASITES AGAINST EXPERIMENTAL VISCERAL 
LEISHMANIASIS

Antara Banerjee, Ranadhir Dey, Hira Nakhasi
US Food and Drug Administration, Silver Spring, MD, United States

Visceral leishmaniasis (VL), a neglected Tropical Disease, is the fatal form 
of the leishmaniasis-disease complex. The estimated disease burden of 
VL varies from 1,969,000 to 2,357,000 Disability Adjusted Life Years. 
Existing drugs are toxic, and the emergence of drug-resistant parasites 
makes Leishmania treatment challenging; till date there is no licensed 
vaccine available. Previously our laboratory reported on the protective role 
of live attenuated centrin gene-deleted L. donovani (LdCen1-/-) parasites 
through induction of Th1 type immune response in mice, hamsters 
and dogs. Previous and recent studies showed that along with Th1 
cytokines, IL-17 plays a complementary role in human protection against 
L. donovani infection, and acts synergistically with IFN-γ to promote 
protection against L. infantum Infection in C57BL/6 mice, respectively. 
In the present study we explored role of IL-17 in protection induced by 
LdCen1-/- in C57BL/6 mice. We measured, mRNA level of IL-6, Il-1β and 
TGF-β (inducers of IL-17) from Bone Marrow Derived DCs infected with 
LdCen1-/- and wild type parasites (LdWT) in vitro. LdCen1-/- infection 
induced IL-6, Il-β and TGF-β at 96 h suggesting LdCen1-/- parasites induce 
DC to produce IL-17 promoting cytokines. Next we evaluated levels of 
Th17 cytokines in vivo at 2 and 5 wk after infection with LdCen-/- and 
wild type parasite. RT-PCR was performed with RNA extracted from 
splenocytes and ELISA was performed with leishmanial-antigen stimulated 
spleen cell culture supernatants, respectively. Both mRNA and protein 
levels of IL-17A were significantly increased in LdCen1-/- immunized 
C57BL/6 mice in comparison to LdWT. There was also concomitant 
increase in IL-17 inducers such as IL-6 mRNA at 2wk post immunization 
and IL-23 mRNA at 5wk post immunization. Role of IL-17 induced 
protective immunity by LdCen-/- will be further investigated using IL-
17-/- C57BL/6 mice. In addition, we will investigate the role of IL-17 in 
protection against wild type L. donovani challenge. To our knowledge 
this is the first attempt addressing the role of IL-17 in vaccine induced 
protection in VL.

521
MONOCYTE SUBSETS CONTRIBUTING TO DELETERIOUS 
INFLAMMATORY RESPONSE IN CUTANEOUS LEISHMANIASIS 
PATIENTS

Lucas P. Carvalho1, Daniela Celestino1, Rubia Costa1, Sara 
Passos1, Paulo Machado1, Fernanda Novais2, Daniel Beiting2, David 
Mosser3, Phillip Scott2, Edgar M. Carvalho1

1Federal University of Bahia, Salvador, Brazil, 2University of Pennsylvania, 
Philadelphia, PA, United States, 3University of Maryland, Bethesda, MD, 
United States

Skin ulcer development in cutaneous leishmaniasis (CL) patients is 
associated with exaggerated inflammatory response with high levels of 
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TNF. Leishmania braziliensis is the most prevalent species causing CL 
in Brazil and also the one responsible for the most severe skin forms of 
the disease. Lesion infiltrate is mainly composed by lymphocytes and 
mononuclear phagocytes, and few parasites are observed. To investigate 
the presence of inflammatory mediators in ulcer from CL patients we 
first conducted an unbiased microarray analysis of lesion biopsies and 
compared with healthy skin transcripts. Among the upregulated genes 
in CL lesions we found the inflammatory genes Metalloproteinase-9, 
CXCL9, CXCL10, TNF and IL-1β. We than confirmed these findings by 
looking at protein of these mediators in supernatants of peripheral blood 
mononuclear cells culture and also in supernatants of lesion biopsies, in 
response to soluble Leishmania antigen. Interestingly, these chemokines 
and cytokines were present in groups of patients with ulcerated lesions 
and those with pre-ulcerative lesions. Peripheral monocytes in human are 
known to be heterogeneous and based on CD14 and CD16 expression 
they are subdivided in classical, intermediate and non-classical monocytes. 
We found that while all monocyte subsets produce Metalloproteinase-9 
and CXCL9, the intermediate monocyte population is the main source 
of CXCL10, TNF and IL-1β. The production of IL-1β can happen upon 
activation of inflammasomes. To test the pathway by which L. braziliensis 
triggers IL-1β production we infected C57BL/6 mouse macrophages 
lacking NLRP3, AIM2, Caspase1, ASC and IL-1R. We found that L. 
braziliensis-induced IL-1β production is dependent on NLRP3, Caspase1 
and ASC. Altogether our data show that intermediate monocytes are the 
main population producing inflammatory cytokines and hence may be a 
potential therapeutic target candidate.

522
ALTERED NUMBER AND MIGRATION OF DENDRITIC CELLS 
IN MALNUTRITION CONTRIBUTES TO VISCERALIZATION OF 
LEISHMANIA DONOVANI

Elvia Y. Osorio, Gracie Thaxton, Bruno L. Travi, Peter C. Melby
University of Texas Medical Branch, Galveston, TX, United States

Malnutrition affects about 800 million people worldwide and is a risk 
factor for visceral leishmaniasis (VL) caused by Leishmania donovani. 
Most people infected with L. donovani have a subclinical infection, but 
malnourished children are more likely to develop fatal VL. The underlying 
mechanisms of immune deficiencies driven by MN are not clearly defined. 
We found that the increased risk of VL was recapitulated in a mouse 
model of malnutrition. Dissemination of L. donovani was associated 
with a deficit of dendritic cells (DCs) in the skin-draining lymph node 
in the malnourished host. Following infection in the skin, L. donovani 
infects phagocytes, including DCs, which then traffic parasites to the 
draining lymph node. We examined possible causes of the reduced DCs in 
malnutrition and the effect on parasite dissemination. In the bone marrow 
of malnourished mice we found a slight reduction in common myeloid 
progenitors but higher proportions of CCR2+ inflammatory monocytes. 
A lower frequency of CCR2+ DCs and inflammatory monocyte precursors 
was also found in the lymph node of malnourished mice. These results 
suggested malnutrition leads to impaired egress and/or subsequent death 
of inflammatory monocytes, which are potential precursors of DCs. We 
also found that the expression of CCR2 and CCL2, which are required 
for emigration of inflammatory monocytes from the bone marrow, 
were increased in the skin but reduced in the draining lymph node. 
Furthermore, transwell assays showed DCs from malnourished mice had 
impaired migration toward the CCL2 chemokine. Fluorescent labeling 
of DCs in the infected skin revealed more rapid migration and increased 
accumulation of infected DCs in the spleen of malnourished mice. This 
was associated with increased expression of CCR7 and its ligands in the 
lymph node and spleen. Collectively, these data indicate that (1) impaired 
DC development from inflammatory monocytes contributes to the deficit 
of DCs in the lymph node in malnutrition, and (2) increased migration 
and/or reduced retention of dermal DCs in the lymph node promotes 
visceralization of L. donovani in the malnourished host.

523
IMMUNE RESPONSE IN PATIENTS WITH ACUTE CHAGAS 
DISEASE: POSSIBLE IMPLICATIONS FOR DISEASE SEVERITY 
DURING THE CHRONIC PHASE

Walderez O. Dutra1, Daniela V. Andrade1, Adriana de Jesus2, 
Leonardo Damasceno1, Germano Costa3, Kenneth J. Gollob4

1UFMG, Belo Horizonte, MG, Brazil, 2Secretaria de Saude Pública do 
Estado do Pará, Para, Brazil, 3UFV, Viçoza, MG, Brazil, 4Hospital Santa 
Casa-BH, Belo Horizonte, MG, Brazil

Chagas disease is caused by the intracellular protozoan Trypanosoma 
cruzi that affects16 to 18 million people, with 80 million considered at 
risk. Infection with T. cruzi via oral route has recently been an important 
focus of attention, currently being amongst the most frequent modes 
of transmission in Brazil, even in localities where vector transmission has 
been eradicated. Identification of the acute phase is critical for treatment 
administration; however, due to the difficulty to detect this phase, 
especially in endemic areas where the symptoms can be mild or inexistent, 
patients may progress to the chronic phase. During the chronic phase, 
while most patients remain asymptomatic, about 30% of the infected 
individuals develop a deadly cardiac disease. It is well accepted that the 
host’s immune response is critical in determining disease evolution. Our 
hypothesis is that early immunological events that take place in the acute 
phase of Chagas disease will be critical to determine clinical outcome 
during the chronic phase. We compared the immunological profiles of 
patients in the acute phase and after they entered the chronic phase, at 
an early stage. We evaluated the frequency of CD4+, CD8+ and TCD4-
CD8- (double negative - DN) cells in acute Chagasic patients (ACT) and 
non-infected individuals (NI). Similar frequencies of these cell populations 
between ACT and NI groups were observed. However, we observed that 
ACT displayed higher levels CD4+HLA-DR+ compared to NI. Moreover, 
we observed that expression of the inflammatory cytokines TNF-α and 
IL1-β by CD8+Granzyme A+ cells was higher in ACT as compared to NI. In 
our follow-up study, we compared the immunological profile of chagasic 
patients in the acute (ACT) and chronic (CHR) phase. As disease progresses 
to chronic phase, we observed a lower frequency of CD8+IFN-γ and an 
increase in IL-10 expression. Our data show an activated immune profile 
of patients in acute phase and, as disease progresses, cell populations 
with distinct functional profiles could be controlling an exacerbated 
inflammatory response.

524
DENDRIMERIC ACID-LABILE LINKED OLIGOSACCHARIDES OF 
LEISHMANIA SPP. LIPOPHOSPHOGLYCAN ALTER INNATE AND 
ADAPTIVE IMMUNE RESPONSES

Tara Grinnage-Pulley1, Rajarshi Roychoudhury2, Pedro A. 
Martinez1, Robert G. Schaut1, Nicola L. Pohl2, Christine A. 
Petersen1

1University of Iowa, Iowa City, IA, United States, 2Indiana University, 
Bloomington, IN, United States

Lipophosoglycans (LPG) of Leishmania spp. are known to alter innate 
immune responses and be critical for parasite binding to the vector gut 
wall. However, the ability of the oligosaccharide sugars capping the 
apex and terminal branches of LPG to specifically alter adaptive T cell 
responses is unclear. To study cap sugar-T cell interactions, pathogen 
mimics—namely tri-sugar dendrimer-coated latex beads with acid labile 
linkers were synthesized. Upon lysosomal acidification, linker breakdown 
releases the sugar dendrimers for possible loading on antigen presenting 
molecules to induce T cell growth. To determine the role of Leishmania 
oligosaccharides in altering adaptive immune responses, we measured T 
cell subset proliferation via FACS and cytokine production via ELISA. T cell 
proliferation was significantly increased after co-culture with macrophages 
exposed to covalently and acid-labile-linked di- and tri-mannose beads as 
compared to T cell proliferation from cells co-cultured with macrophages 
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exposed to non-functionalized beads. Inhibition of phagolysosomal 
acidification only reduced T cell proliferation within T cells co-cultured with 
macrophages exposed to acid-labile-linked beads and not to covalently-
linked beads. These sugar-modified reagents show that oligosaccharides 
alone can drive T cell proliferation by acidification-requiring presentation, 
most significantly in NKT receptor (CD160)-restricted T cells.

525
URINARY BLADDER BILHARZIASIS IN A SOMALI REFUGEE: 
AN IMPORTED CASE FROM THE JUBBA RIVER VALLEY IN 
SOMALIA

Ambika Eranki, Oleg Shapiro, Rohin Mehta, Timothy Endy
Upstate Medical University, Syracuse, NY, United States

Schistosomiasis (Bilharziasis) is a neglected tropical disease which is 
associated with significant morbidity which infects an estimated 200 
million people globally. The burden is highest in Sub-Saharan Africa: the 
disease is closely linked with poverty, and lack of access to basic resources 
such as clean water and sanitation. Transmission to human occurs through 
freshwater contaminated with feces or urine, via infected snails, which 
are the intermediate hosts. Schistosoma is endemic in Southern Somalia, 
of note in the Shabeelie and Jubba river valleys which are the farming 
regions. Herein we present a case of chronic granulomatous urinary 
bladder Schistosomiasis in a male refugee from Somalia, who lived in the 
Juba River valley, which is one of the endemic areas in Somalia. A few 
months after he came to the U.S, he presented with diffuse abdominal 
and rectal pain: colonoscopy and endoscopy were non-revealing. A CT 
scan of the abdomen showed a small, circumferentially thickened urinary 
bladder with calcifications, and subtle calcification of the distal right ureter. 
A cystoscopy with bladder biopsy showed focal granulomas, chronic 
inflammation and numerous calcified Schistosoma eggs: some of the eggs 
had terminal spines consistent with Schistosoma hematobium. Even 
though the patient had presented with chronic urinary bladder disease, he 
was treated with the standard WHO dosing regimen of oral Praziquantel 
at a dose of 40 mg/kg/day in two doses for one day. He continued to be 
symptomatic, and was retreated 4 weeks later, with mild improvement in 
symptoms. Chronic infection with S. hematobium is known to lead to 
granulomas, fibrosis, and eventually cause obstructive uropathy and renal 
failure. This case illustrates the importance of being aware of the high 
prevalence of this infection and its sequelae in immigrants from endemic 
areas.

526
FIRST REPORT OF BIOMPHALARIA PFEIFFERI SHEDDING 
SCHISTOSOMA CERCARIAE IN NKALAGU, SOUTHEASTERN 
NIGERIA

Ogochukwu C. Okeke1, Patience O. Ubachukwu2

1Federal University Ndufu-Alike, Ikwo, Ebonyi State, Nigeria, 2University of 
Nigeria, Nsukka, Enugu State, Nigeria

Published studies have shown that Biomphalaria species found in south-
eastern Nigeria did not shed Schistosoma cercariae, which has led to the 
total absence of Schistosoma mansoni infection in the area. This study 
was birthed from a research aimed at studying the distribution of snails 
of medical and veterinary importance in Nkalagu, a rural community 
endemic for S. haematobium. Biomphalaria pfeifferi were collected 
from water contact site from October 2011-September 2012 and made 
to shed cercariae by exposure to light. Schistosoma shedding snails 
were collected between April and May, with overall infection rate of 
4.35. Other morphological types of cercariae found in B. pfeifferi were 
armatae xiphidocercariae, echinostome cercariae, cercariaum cercaririae 
and cystophorous cercariae. Mice were infected with Schistosoma 
cercariae and at 12 weeks post infection, they were perfused to recover 
adult worms while sections of liver and spleen were examined for 
histopathologic changes. Worms recovered had characteristic adult 
Schistosoma morphologic features while histopathologic changes were 

S. mansoni-like. A purposive sampling technique was employed to select 
primary school children living close to the infected water contact site. From 
286 children sampled, no S. mansoni egg was seen in stool samples. 
Consequently, rats were caught along the water contact site and examined 
for S. rhodaini eggs but none was seen. In conclusion, this is the first 
report of Schistosoma cercariae in B. pfeifferi in south-eastern Nigeria. 
However, the results obtained highlight the need for further studies on 
the Schistosoma cercariae encountered in B. pfeifferi in the study area to 
confirm the species. If confirmed to be S. mansoni, control measures will 
be recommended to prevent human infection.

527
ESTABLISHING THE EVIDENCE OF SCHISTOSOMIASIS AND 
SOIL-TRANSMITTED HELMINTHIASIS INFECTIONS IN BENIN

Moudachirou Ibikounlé1, Jean Jacques Tougoué2, Pélagie Boko3, 
Wilfrid Batcho3, Yolande Sissinto-Savi de Tovè1, Aboudou Daré3, 
Dorothée Kindé-Gazard1, Achille Kaboré2

1University of Abomey-Calavi, Cotonou, Benin, 2RTI International, 
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There is a scarcity of data about the prevalence of Schistosomiasis (SCH) 
and Soil-Transmitted helminths (STH) in Benin. Initial surveys conducted 
decades ago showed highly focal and intense SCH infections around 
the mountainous regions of Atacora and Borgou. In 2013 the national 
NTD control program started an ambitious exercise of mapping all the 
communes for SCH and STH. The results of the new surveys will allow 
to launch mass drug campaigns for the control and or the elimination of 
SCH and STH in Benin. The mapping was carried out from March to April 
2014 in 30 communes. In each commune, 5 villages/schools were selected 
purposely based on proximity with water bodies and anecdotal reports and 
clinical records from health facilities. In total, 7500 school children were 
surveyed in 150 primary schools throughout the 30 communes. In each 
school, 25 girls and 25 boys aged 8 to 14 years were randomly selected 
and both urine and stool samples collected from each child were analyzed 
using urine filtration and Kato Katz. Results were compared with historical 
data from WHO Atlas of SCH issued in 1987. S. haematobium was found 
in all 30 communes with a prevalence ranging from 0.80% (95% CI: 0 - 
1.9) to 56.40% (95% CI: 50.3-62.6) while S. mansoni was found in only 
16 communes with a prevalence from 0.40% (95% CI: 0-1.2) to 46.0% 
(95% CI: 39.8-52.2). At least 10 communes were co endemic for both 
urinary and intestinal SCH. The commune of Cobli showed the highest 
co-infection rate of 14% (95% CI: 7.2-20.8). All four common STH were 
found in stool samples with a predominance of hookworms followed by 
roundworm, whipworm. The overall prevalence of STH varied from 9.2% 
(95% CI: 5.6-12.8) to 60.0% (95% CI: 53.9-66.1). In comparison with 
historical data the results demonstrated a persistence and almost stagnant 
level of SCH endemicity located in the Atacora region where urinary SCH 
prevalence up to 60% were recorded 28 years ago. In all communes 
surveyed, children are suffering more for diseases related to the lack of 
sanitation and hygiene than water related disease. The prevalence remains 
stable for many years if no major environmental change occurs and if no 
mass treatment is undertaken.

528
LAMP: POINT-OF-CARE DIAGNOSIS FOR SCHISTOSOMA 
MANSONI AND S. HAEMATOBIUM

Nilanjan Lodh1, Kei Mikita2, Clive Shiff1

1Johns Hopkins University, Baltimore, MD, United States, 2National Defense 
Medical College, Tokorozawa City, Japan

Schistosomes are easily transmitted and multiply considerably so if control 
strategies based on targeted mass drug administration (MDA) are to 
succeed it is essential to have a simple to operate sensitive and accurate 
test. As the control programs operating become more and more effective 
in reducing the parasite burden in the individual, the issue of diagnostic 
sensitivity will become more critical in the assessment of program 
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effectiveness. We have demonstrated that species-specific DNA can be 
detected in human urine by PCR when some specimens are apparently 
egg negative. This method is effective in detecting and amplifying DNA 
from urine residue on Whatman No. 3 filter paper that is dried after 
filtration and can be stored for several months without freezing and easy 
to transport. In the current study done in a low to moderate transmission 
area in Ghana, we assessed the efficacy of detection of either or both 
Schistosoma mansoni and S. haematobium specific DNA from 86 
urine residues both by PCR and loop mediated isothermal amplification 
(LAMP). We also compared the DNA extraction techniques by standard 
extraction kit and field usable LAMP PURE kit and have evaluated these 
procedures on species-specific DNA detection. With S. haematobium all 
three methods showed similar sensitivity and specificity when compared 
with PCR amplification (100%). For S. mansoni sensitivity was highest for 
LAMP amplification (100%) than PCR and LAMP PURE (99% and 94%). 
The LAMP PURE extraction produced false negatives, which require further 
investigation for this field usable extraction kit. Overall high positive and 
negative predictive values (90% - 100%) for both species were indicative 
of a highly robust approach. The same pattern was observed when 
stratified for sex specific analysis. LAMP approach is close to point of care 
use and more sensitive than detection of parasite eggs in urine or stool. 
Our approach with LAMP can be an effective means to detect low intensity 
infection and would enhance the effectiveness of surveillance and MDA 
control programs of schistosomiasis.

529
SCHISTOSOMIASIS SEROPREVALENCE IN THE GAMBIA

Muna Affara1, Ine Van Loon2, Serign Jawo Ceesay1, Julia 
Mwesigwa1, Alfred Amambua Ngwa1, Umberto D’Alessandro1, 
Davis Nwakanma1

1MRC, Banjul, Gambia, 2Institute of Tropical Medicine, Antwerp, Belgium

Schistosomiasis or bilharzia remains a chronically debilitating and 
potentially lethal parasitic disease, affecting an estimated 200 million 
people globally, mostly in Sub Saharan Africa. The disease is caused 
by the blood fluke (trematoda) of the genus Schistosoma, with both 
S. haematobium and S. mansoni endemic in the Gambia. Country 
prevalence estimates for both species are based on historical data 
and stand at 0.5% for S. mansoni and 17.6% for S. haematobium 
respectively. With no comprehensive survey conducted on schistosomiasis 
in the Gambia in the past 30 years, there is little understanding of how 
the prevalence of this neglected tropical disease might have changed. 
We conducted a preliminary survey of 3277 school-aged children in the 
eastern part of the Gambia in 2011 which revealed S. haematobium 
prevalence of 7.5% (range 0.9 - 44.8%) based on urine egg counts from a 
single time point. Although likely to be an underestimation, it nevertheless, 
showed that the disease is localized to a number of foci in the region and 
remains a public health problem in the Gambia. A better understanding of 
the epidemiology of Schistomiasis across the entire country and in all age 
groups is required to inform effective control interventions. We therefore 
carried out a nationwide seroprevalence survey of Schistosomiasis in the 
Gambia using ELISA screening of 4000 dried blood spot (DBS) samples 
collected from all 6 regions (32 villages) across the length of the Gambia in 
2012. This is the first comprehensive survey in recent years to analyse the 
distribution of infection within the country and provides a rapid and cost 
effective screening tool for surveillance of infection capable of supporting 
focused intervention in the Gambia.

530
ELEVATED P-GLYCOPROTEIN AND MDR1 LEVELS CORRELATE 
WITH REDUCED PRAZIQUANTEL SUSCEPTIBILITY IN 
SCHISTOSOMA JAPONICUM

Wei Wang, Zhengyang Zhao, Yousheng Liang
Jiangsu Institute of Parasitic Diseases, Wuxi, China

Schistosomiasis japonica remains a major public health concern in China. 
Currently, praziquantel is virtually the only drug of choice for the treatment 
of human Schistosoma japonicum infections. Following long-term 
extensive use, there is a worry about the emergence of praziquantel-
resistant parasites. It has been proved that S. japonicum may develop 
resistance to praziquantel under drug pressure. P-glycoprotein and MDR1 
have been shown to be involved in the resistance to praziquantel in S. 
mansoni. We investigated and compared the expression of P-glycoprotein 
and MDR1 at various developmental stages of praziquantel-susceptible 
and -resistant isolates of S. japonicum using quantitative real time PCR 
(qRT-PCR) and Western blotting assay. Significantly elevated P-glycoprotein 
and MDR1 levels were detected in praziquantel-resistant isolate than in 
susceptible isolate at the developmental stages of miracidia, cercariae, 
and adults at both protein and mRNA levels (P < 0.01). It is concluded 
that elevated P-glycoprotein and MDR1 levels may correlate with reduced 
praziquantel susceptibility in Schistosoma japonicum
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EPIDEMIOLOGICAL STUDY OF ZOONOTIC SCHISTOSOMIASIS 
AMONG WATER BUFFALOES IN DIFFERENT ENDEMIC AREAS 
IN THE PHILIPPINES

Jose Ma. M. Angeles1, Lydia R. Leonardo2, Yasuyuki Goto3, 
Masashi Kirinoki4, Kharleezelle Moendeg1, Elena A. Villacorte2, 
Noboru Inoue1, Yuichi Chigusa4, Shin-ichiro Kawazu1
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Philippines, Manila, Philippines, 3Laboratory of Molecular Immunology, 
Graduate School of Agricultural and Life Sciences, The University of Tokyo, 
Tokyo, Japan, 4Department of Tropical Medicine and Parasitology, Dokkyo 
Medical University, Tochigi, Japan

The contribution of animals in the transmission of the zoonotic 
schistosomiasis caused by Schistosoma japonicum has been already 
established in several studies. However despite this significant role, 
animals were not given much importance in the control of this parasitic 
disease. Among these animals, water buffaloes are perceived to be the 
most important as they are continuously and constantly exposed to the 
parasites in the transmission sites. In this study, a cross-sectional study 
was done among water buffaloes in endemic areas in the Philippines. 
Study sites include municipalities with varying degrees of endemicities 
for schistosomiasis ranging from near elimination areas (Talibon and 
Trinidad) to moderate (New Corella and Gonzaga,) to highly endemic area 
(Calatrava and Catarman). Samples were tested using microscopy, stool 
PCR, SEA-ELISA, SjTPx-1 ELISA and Sj1TR ELISA. Results showed significant 
positivities for schistosome infection in all the municipalities with the 
highest prevalence at 45.7% seen in Catarman and 40.5% in Gonzaga. 
Water buffaloes also tested positive in near elimination areas of Talibon 
(15.7%) and Trinidad (20.6%). This proved that high prevalence in water 
buffaloes does not really reflects the human prevalence but represents 
the threat of human transmission. Water buffaloes are good indices for 
human transmission of S. japonicum parasite and should therefore be 
included formulating elimination guidelines to prevent emergence and re-
emergence of zoonotic schistosomiasis.
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UTILIZATION OF COCKTAIL-ANTIGEN ELISA FOR THE 
DETECTION OF ZOONOTIC SCHISTOSOMIASIS IN MULTIPLE 
HOST SPECIES
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Due to the zoonotic nature of the Schistosoma japonicum parasite, 
the development of a unified surveillance in multiple host species is 
necessary to strengthen the current schistosomiasis control. Among these 
animals, dogs and water buffaloes were identified as the most important 
reservoirs contributing to S. japonicum human transmission. Previous 
studies showed that thioredoxin peroxidase-1 (SjTPx-1) and tandem 
repeat proteins (Sj1TR, Sj7TR) were good diagnostic antigens individually 
in humans, water buffaloes and dogs. This study aimed to test the 
diagnostic potentials of mixing these recombinant antigens in different 
combinations in a cocktail-ELISA against the samples from the three host 
species obtained from endemic areas in the Philippines. As compared 
with the diagnostic potential calculated for each of the three recombinant 
antigens used, their combination has presented improved specificities, 
positive predictive values and kappa values. Results showed that the 
cocktail-ELISA having the combination of SjTPx-1/Sj7TR/Sj1TR has the 
highest sensitivity (84.1% in humans, 80% in water buffaloes and dogs) 
and specificity (100% in all host species). The results of this study indicate 
the potential of the optimized cocktail-ELISA used in the development of 
a common diagnostic tool that will improve the surveillance for zoonotic 
schistosomiasis in multiple host species.

533
DEFINITIVE DIAGNOSTICS ARE CRITICAL FOR ELIMINATION 
OF SCHISTOSOMES INFECTIONS

Clive J. Shiff
Johns Hopkins University, Baltimore, MD, United States

 As our understanding of parasite epidemiology expands and to meet the 
needs of large scale and repeated mass drug administration to control or 
even eliminate the problem, there is a critical need for accurate definitive 
diagnostics. While point-of-care tests are useful in planning interventions, 
their lack of sensitivity overlooks a large proportion of cases either miss-
diagnosed or inadequately treated but yet sufficiently productive with 
parasite eggs to repopulate the intermediate host snails with parasites. 
This is particularly important with schistosomes that are transmitted by 
massive intramolluscan reproduction. Irrefutable evidence from numerous 
sources indicates that relying on detection of eggs in urine or fecal 
specimens will miss a large proportion of infected persons. This has been 
shown in two recent studies of S. japonicum, in China, that mentioned 
a six fold increase of prevalence using DNA detection in serum and more 
recently in the Philippines which showed an increase in prevalence from 
22.9% to 90.2% in a cohort examined by Kato-Katz method and rtPCR 
of stool. Studies in Zambia showed that PCR detection of S. mansoni 
specific DNA in urine residue on filter paper yielded a prevalence of 89% 
in a heterogeneous group of people, whereas Kato Katz detected 51% 
and CCA detected 60% of infections. In her original work with urine 
based DNA detection found in Nigeria that of a cohort of 89 adults, 
64.0% were found to carry parasite specific DNA in urine, while eggs 
were found in only 48.3%. Diagnostic tests with poor sensitivity will be 
misleading and will miss partial cures and low intensity infection which 

may not be a serious problem for the patient, but it will certainly not 
eliminate the infection from communities or from regions. Available point 
of care schistosomiasis tests are insufficient to assess the epidemiology 
of schistosomiasis associated with mass drug administration programs 
currently under way.

534
DIAGNOSTIC PERFORMANCE OF SCREENING METHODS 
FOR URINARY SCHISTOSOMIASIS IN A SCHOOL-BASED 
ANTIHELMITHIC PROGRAM IN RURAL ENDEMIC DISTRICT, 
TANZANIA

Billy Ngasala
MUHAS, Dar es Salaam, United Republic of Tanzania

Diagnostic performance of screening methods varies in different endemic 
zones, age groups and sexes especially when there is low prevalence.
This study aimed at evaluating the diagnostic performance of screening 
methods for urinary schistosomiasis after wide scale use of praziquantel 
in a school based antihelminthic control programme in Mbozi District. A 
cross-sectional study was conducted from March to June, 2013. A total 
of 429 participants from standard I - VII were chosen proportionally from 
twelve schools which were obtained through multistage cluster random 
sampling. The diagnostic performance of screening tests were compared 
with microscopic examination of urine for Schistosoma haematobium 
egg (filtration method, which was regarded as the gold standard) Chemical 
reagent strip for haematuria was the most sensitive of all screening 
methods assessed with sensitivity of (78.8%) also with high NPV (97.8%), 
followed by self-reported haematuria (51.9%), and visual examination of 
urine was least sensitive of all (42.4%). In terms of specificity, self-reported 
haematuria was the most specific (91.7%) with positive predictive value 
(34.9%). In conclusion, chemical reagent strip and history of haematuria 
are still useful diagnostic tools for targeting Praziquantel-MDA to school 
children in schistosomiasis endemic areas.

535
PRODUCT INNOVATION IN SCHISTOSOMIASIS AND ITS 
POTENTIAL ROLE IN PREVENTING CO-INFECTIONS

Jutta Reinhard-Rupp
Merck Serono, Coinsins, Switzerland

At Merck Serono, R&D Global Health aims at delivering innovative, 
integrated and affordable solutions to tackle unmet medical needs 
of poverty-related diseases, focusing on pediatric health solutions for 
schistosomiasis and malaria. In this context, a recently formed public-
private partnership has been established with the goal to develop, 
register, manufacture and launch a pediatric formulation of praziquantel 
(PZQ). Younger children (< 6 yr) suffering from schistosomiasis are 
currently left untreated due to a missing pediatric formulation of PZQ, 
resulting in a manifestation of the disease during early childhood. An 
international consortium has been formed which consists of Merck 
KGaA, Astellas, the Swiss TPH Institute, TI Pharma, Farmanguinhos 
and Simcyp. This consortium showcases the importance of working in 
partnership to leverage and synergize expertise, know-how and resources 
and is currently completing Phase I of clinical development. Amongst all 
different consequences, schistosomiasis may cause significant damage 
to the human genitalia: in particular, Female Genital Schistosomiasis 
(FGS) represents a common complication mainly caused by Schistosoma 
haematobium. The consequences of FGS are not widely acknowledged 
and could be more significant than suspected until now: recent studies 
have substantiated the plausibility that FGS may elevate general 
transmission of HIV and that control of schistosomiasis might have an 
impact on HIV/AIDS. Access to anti-schistosomal treatment in the battle 
against HIV, sexually transmitted infections (STIs) and other reproductive 
tract morbidities is therefore of high interest, and partnerships are being 
built to define a research platform for further clinical testing. In this 
context, a new pediatric formulation of PZQ plays a very active role, not 
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only in the effort towards elimination of schistosomiasis, but also with 
respect to regular treatment of young girls which may potentially prevent 
HIV, STIs and/or other diseases affecting the reproductive tract.

536
MEASURING THE PERFORMANCE AND IMPACT OF THREE 
ANNUAL NATIONAL TREATMENTS FOR SCHISTOSOMIASIS 
AND SOIL TRANSMITTED HELMINTHES IN MALAWI

Jane M. Whitton1, Samuel Jemu2, Michelle Clements1, Fiona 
Fleming1

1Schistosomiasis Control Initiative, London, United Kingdom, 2Malawi 
Ministry of Health, Lilongwe, Malawi

Since 2012, the Malawi Ministry of Health with the technical support of 
the Schistosomiasis Control Initiative has successfully carried out three 
national treatment campaigns totalling 8,400,000 treatments with 
praziquantel to treat schistosomiasis and albendazole for soil transmitted 
helminth infections (STH). We present results from two different surveys 
assessing the programmatic performance – impact monitoring and 
coverage surveys. Twenty-two schools were randomly selected from 
districts with moderate and high prevalence, as sentinel sites for impact 
evaluation. Cross-sectional parasitological data was collected to evaluate 
the reduction in prevalence and high-intensity infection of S. mansoni and 
STH, and S. haematobium using Kato Katz technique and urine filtration, 
respectively. At baseline in 2012, 2642 children were surveyed, 2304 in 
2014, and an additional 2,640 children in the same schools were surveyed 
during the second follow up in 2015. Reductions in prevalence and high-
intensity infection were observed for both Schistosoma species and STH 
in all but one school with varying impact. To validate the performance in 
terms of treatment coverage, two multi-stage cluster surveys were used. 
The first survey was conducted in 2 districts after the 2012 treatment 
campaign and a second was done in 6 districts after the 2014 campaign. 
Findings highlighted the need to increase treatment coverage of non-
enrolled school-age children and adults particularly in areas known for 
high transmission. Alternative information channels, as well as the quality 
and frequency of treatment messages to communities also needs to be 
reviewed to improve community participation. Results from the latest 
survey show that the national NTD control programme has improved its 
performance, shown an impact on prevalence and intensity, improved 
its process monitoring and sensitisation within the districts, all of which 
lead to a more effective program; however, many areas still need to be 
improved in order to maximise the performance of Malawi’s treatment 
campaigns if they are to achieve elimination.

537
COMPARISON OF FULL AGE-INTENSITY PROFILES FOR 
SCHISTOSOMIASIS AND SOIL-TRANSMITTED HELMINTH 
INFECTION FROM A TWO-YEAR STUDY IN UGANDA

Arminder Kaur Deol1, Maria-Gloria Basäñez2, Martin Walker2, 
Edridah Muheki Tukahebwa3, Fiona Fleming1, Judy Fernandez1, 
Michael French1

1Schistosomiasis Control Initiative, London, United Kingdom, 2Imperial 
College London, London, United Kingdom, 3Ministry of Health, Kampala, 
Uganda

Many large-scale schistosomiasis and soil-transmitted helminth (STH) 
control programmes are now operational. Most of these also incorporate 
a monitoring and evaluation component which aims to estimate the 
impact of the control programme on levels of infection in a population, 
often using data collected from school-aged children (who are usually 
the target for treatment). The age-intensity (AI) profiles developed from 
this information could be used to help provide an accurate picture of 
the current infection patterns in endemic countries. In the present study 
data were collected from 7500 individuals across a wide age-range (1 - 
103 years) from 10 different sites in Uganda which displayed a range of 
underlying endemicities and treatment histories. Data were collected from 

3 different representative prevalence and treatment history groups: 1. 
“low prevalence and treated” - areas that have supressed transmission as 
a result of MDA; 2. “low prevalence and untreated” -areas that are at low-
prevalence endemic equilibrium; 3. “high prevalence and treated” - areas 
still experiencing high levels of infection after multiple treatment rounds. 
The AI profiles of each of the major helminth species infecting humans 
in these regions were then developed. The analysis has been separated 
by parasite species, sex of host, and prevalence/treatment history group. 
Results showed that the age-infection profile for S. mansoni followed 
similar patterns as found in previous studies. However, group 1 and 
group 2 sites followed this pattern more closely. For the STHs, the overall 
prevalence was low and a trend could only be seen in the AI profile for 
hookworm infection, where infection intensities increased with age and 
reached a plateau. The same information in this study will be collected at 
one year following treatment which will allow a fuller evaluation of the 
impact of treatment in the different settings and parts of the community. 
The opportunity will be taken to estimate the age-specific force of 
infection and the basic reproductive number, R0, using these AI profiles. 
The findings from these will be discussed as well as the conclusions from 
the full AI analysis.

538
USING SURFACTANTS TO DISPERSE NICLOSAMIDE ON 
SCHISTOSOME INFESTED WATERS

Amsul Khanal, Michael Hsieh
Biomedical Research Institute, Rockville, MD, United States

Schistosomiasis, a parasitic disease with socioeconomic burden that rivals 
malaria, is prevalent in developing areas in Africa and Asia and affects 
upwards of 200 million people worldwide. Snails are the intermediate 
carriers for the Schistosoma (the infecting parasite), which emerge 
as cercariae, the larval form which infects humans. Niclosamide, an 
FDA approved molluscicide, is used to control snail growth and has 
shown cercariacidal effects as well. Niclosamide is usually hand sprayed 
onto infested water bodies using mechanical pumps. Suspensions of 
niclosamide have surface tensions of approximately 71 mN/m, which 
are close to that of water. This limits the surface transport of these 
suspensions once they land on water, and hence they have to be sprayed 
over the whole water body to cover all of the area. Niclosamide use has 
also resulted in fish and tadpole die-off, which has been attributed to 
non-uniform distribution of niclosamide when sprayed onto bodies of 
water. We are attempting to develop the use of surfactants for spreading 
of niclosamide and to maintain niclosamide concentrations that are lower 
than the LD50 for fishes and tadpoles so as to reduce die-off but still 
control snail and cercarial growth. Surfactants are surface active agents 
that can reduce the surface tension of formulations. Due to reductions in 
surface tension when sprayed onto water bodies, these suspensions can 
spread and disperse across the surface via surface tension gradients. This 
is beneficial as it can allow for the suspension to be sprayed onto a smaller 
area and still cover the whole affected area. With microliter scale droplets, 
we have observed that these suspensions can cover areas much larger 
than those covered by their surfactant-free counterparts at similar volume. 
We suspect that niclosamide travels along with the spreading drop, 
which will be confirmed with resonance light scattering (RLS). RLS has 
previously been used to measure very low niclosamide concentrations with 
precision. After establishing that surfactants allow for surface transport 
of niclosamide, it will be important to test and implement this novel 
technology using sprays and aerosols.
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UNDIAGNOSED ACUTE SCHISTOSOMIASIS AND 
DEVELOPMENT OF NEUROSCHISTOSOMIASIS IN ONE OF 
FIVE TRAVELERS AFTER FIVE YEARS POST-EXPOSURE

Marta G. Cavalcanti1, Aline Ferreira Cunha1, Luiz Felipe 
Guimarães1, Victor Gonçalves Lopes2, José Mauro Peralta1

1Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil, 2Hospital 
Federal dos Servidores do Estado, Rio de Janeiro, Brazil

Unsuspected Schistosoma infection after exposure to contaminated waters 
represents a challenge in travelers returning from endemic areas. Acute 
manifestations may be inconspicuous in addition to risk of disability-
related outcomes. Neuroschistosomiasis (NS) is one of the most severe 
clinical forms of Schistosoma mansoni infection, presenting with no or 
low parasite load. Also, NS may occur without concomitant intestinal and/
or hepatic disease. Herein, we report five cases of S.mansoni infection 
undiagnosed during acute phase and progression to NS in one of the cases 
after five years post-exposure. Five adult males (ages: 29 to 36 y) became 
infected with S.mansoni during a trip to Simonésia (Minas Gerais, Brazil) 
in 2009. One week post exposure, four out of five reported symptoms 
like malaise, local transient itching in two, epigastric discomfort in one 
and a three week duration fever in another. In 2014, the later individual 
complained of acute back pain, weakness and pain on lower limbs. Also, 
progressive paraparesis and paraplegia with loss of urinary and bowel 
sphincter control and erectile dysfunction were reported. MRI showed a 
thickening of cauda equina roots and specific anti-Schistosoma antibodies 
were detected in cerebrospinal fluid. Ultrasound excluded hepatic 
disease. Albeit coproscopy was negative, IgG and IgE anti-Schistosoma 
were detectable and real-time PCR demonstrated DNA amplification 
in serum and fecal samples, respectively. Corticoid pulse therapy and 
praziquantel were initiated. In another traveler of the group, epigastric 
discomfort was the solely symptom persisting for the past 2-3 years while 
no manifestations were reported by the others. Among the four cases, 
active Schistosoma infection was confirmed by coproscopy and/or DNA 
amplification and high levels of specific IgG and IgE in three travelers 
and only by serology in one. Single dose of praziquantel was prescribed. 
Diagnosis and treatment of returning travelers from schistosomiasis 
endemic areas may require not only clinical and epidemiological suspicion 
but also the use of accurate diagnostic tools such as immunodiagnosis and 
DNA - based assays.

540
IMPACT OF THE DESIGN OF PREVENTIVE CHEMOTHERAPY 
STRATEGY ON CONTROL AND ELIMINATION OF 
SCHISTOSOMIASIS

James Truscott, Roy Anderson
Imperial College London, London, United Kingdom

The World Health Organisation’s (WHO) 2020 Roadmap on NTDs has 
targeted schistosomiasis for control and elimination in the Americas 
and selected countries in Africa by 2020. WHO’s guidelines recommend 
control through the repeated administration of praziquantel to school-
aged children (SAC) in affected communities, at levels defined by 
baseline infection prevalence. We assess the expected impact of these 
guidelines using a deterministic model of parasite dynamics within the 
host community in combination with a description of the demography 
of the host population and its contact with reservoirs of infection. The 
model is fitted to baseline datasets for host infection intensity with age 
from high, moderate and low risk areas. We examine the impact of the 
current treatment guidelines on schistosome infection prevalence and 
intensity with age in 2020 and beyond. Additionally, we investigate under 
what conditions elimination might be achieved and whether additional 
drug supplies are better spent extending treatment to adults compared to 
increasing the treatment frequency among SAC.

541
MASS DRUG ADMINISTRATION STRATEGIES TO CONTROL 
SCABIES IN A HIGHLY ENDEMIC POPULATION

Lucia Romani1, Margot J. Whitfeld2, Josefa Koroivueta3, Mike 
Kama4, Lisi Tikoduadua5, Meciusela Tuicakau4, Aminiasi Koroi4, 
Ross Andrews6, John Kaldor1, Andrew C. Steer7

1The Kirby Institute, Sydney, Australia, 2St. Vincent’s Hospital, Sydney, 
Australia, 3Ministry for Women, Children and Poverty Alleviation, Suva, 
Fiji, 4Ministry of Health, Suva, Fiji, 5Colonial War Memorial Hospital, Suva, 
Fiji, 6Menzies School of Health Research, Darwin, Australia, 7Murdoch 
Children’s Research Institute, Melbourne, Australia

Recently added to the World Health Organization list of neglected tropical 
diseases, scabies is an under-recognised case of morbidity in many 
developing countries, due to secondary bacterial infection of the skin 
leading to septicaemia, kidney disease and potentially rheumatic heart 
disease. Countries of the Pacific region have a particularly high burden of 
scabies and its complications. Control of scabies based on treatment of 
individual cases is difficult due to frequent re-infestation. We implemented 
a large-scale intervention trial of Mass Drug Administration (MDA) for 
endemic scabies to ascertain the efficacy and safety of two alternative 
regimens (topical permethrin and oral ivermectin MDA) compared with 
current standard care. We identified 3 isolated island communities to 
which we randomly assigned one of the 3 treatment regimens. The 
study enrolled 2051 people: 803 participants in the standard care arm, 
716 in the ivermectin arm and 532 in the permethrin arm. In each site, 
the proportion of the total island population enrolled was >85%. At 
baseline, scabies prevalence was found to be high in all arms, with the 
highest prevalence in the permethrin arm (41.7%) followed by 36.6% 
in the standard care arm and 32.1% in the ivermectin arm. A year after 
the intervention we observed a considerably greater reduction in scabies 
prevalence in the ivermectin arm with a prevalence of 1.9% corresponding 
to a relative risk reduction (RRR) of 94% (95% CI 83-100). The prevalence 
of scabies was reduced in the 2 other arms, however with lower effect 
size: permethrin RRR 62% (95% CI 49-75) and standard care RRR 49% 
(95% CI 37-60). The prevalence of impetigo was also high at baseline, 
ranging from 20% to 24%. The effect of the intervention followed a 
similar trend to that of scabies, with greatest reduction in the ivermectin 
arm (RRR 67%, 95% CI 52-83) compared to the permethrin arm (RRR 
54%, 95% CI 35-73) and the standard care arm (RRR 32%, 95% CI 14-
50). These results show that ivermectin MDA is a highly effective strategy 
for reducing community scabies prevalence and demonstrate the potential 
role of MDA in addressing a serious cause of illness in many developing 
countries.

542
HOW TO OPTIMALLY DIAGNOSE ORIENTIA 
TSUTSUGAMUSHI OR RICKETTSIA TYPHI INFECTIONS IN 
PATIENTS WITH CENTRAL NERVOUS SYSTEM DISEASE?

Sabine Dittrich1, Phonepasith Panyanivong2, Soulignasak 
Thongpaseuth2, Daniel H. Paris3, Stuart D. Blacksell3, Rattanaphone 
Phetsouvanh2, Paul N. Newton1

1Lao-Oxford-Mahosot Hospital Wellcome Trust Research Unit, Microbiology 
Laboratory, Mahosot Hospital, Lao PDR and Centre for Tropical Medicine 
and Global Health, Churchill Hospital, University of Oxford, Vientiane, Lao 
People’s Democratic Republic, 2Lao-Oxford-Mahosot Hospital Wellcome 
Trust Research Unit, Vientiane, Lao People’s Democratic Republic, 3Mahidol 
Oxford Tropical Medicine Research Unit and Center for Tropical Medicine 
and Global Health, Churchill Hospital, University of Oxford, Bangkok, 
Thailand

The importance of Orientia tsutsugamushi (scrub typhus, ST) and 
Rickettia typhi (murine typhus, MT) not only as causes of fever but also 
severe infections with central nervous system (CNS) involvement has 
recently been highlighted. In order to reduce morbidity and mortality, early 
diagnosis is important to guide anti-rickettsial therapy. The aim of this 
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study was to investigate the value of different diagnostic tests in diagnosis 
of rickettsial CNS disease. As part of a hospital-based study in Laos 
(n=1011), quantitative PCRs (qPCR) and antibody-based rapid diagnostic 
tests (RDTs; ST: IgM/IgG Standard Diagnostic, Korea; MT: IgM GeneBio, 
USA) were used with different sample types (CSF, buffy coat, plasma, 
serum) and compared to a combined reference group (Immunofluorescent 
assay (IFA), qPCR). Bacterial loads and positivity rates in relation 
to epidemiological characteristics and sample type were analyzed. 
Approximately half of the patients had paired CSF and blood available with 
3.1% of blood and 1.2% of CSF samples positive for O. tsutsugamushi 
by qPCR. For Rickettsia spp. the same proportion of CSF and blood 
samples was positive by qPCR (0.8%; n=509). No significant correlations 
between bacterial loads and sample type, age, fever days and severity 
could be identified. The majority of ST was detected, by qPCR or IFA, 
between 4 and 8 days post-disease onset while MT was detected between 
day 1 and 4. In this pilot study the RDTs for ST exhibited a sensitivity of 
71.4% (10/14) with plasma and 35.7% (5/14) with CSF compared to 
qPCR or IFA. For MT the sensitivity of RDTs using both sample types was 
low with 7.7% (1/13) and 0% (0/13) for plasma and CSF, respectively, in 
comparison to qPCR or IFA. Specificities for all sample types and test were 
between 85-100%. Planned latent class modeling will allow a more in-
depth analysis of the test characteristics. These data illustrate the myriad 
difficulties of rickettsial diagnosis, even in severe disease. We will discuss 
new approaches to improve diagnosis based on epidemiological clues 
and combined molecular and serological methods to guide innovative 
developments in the future.

543
GEOGRAPHIC VARIATION IN THE MICROBIOTA OF IXODES 
TICKS FROM THE EASTERN UNITED STATES

Steven R. Meshnick1, Will Van Treuren2, Loganathan 
Ponnusamy3, Antonio Gonzalez4, Christian Parobek1, Jonathan 
Juliano1, Theodore Andreadis5, Richard Falco6, Jory Brinkerhoff7, 
Lorenza Beati Ziegler8, Nicholas Hathaway9, Corina Keeler1, 
Michael Emch1, Jeffrey Bailey9, Michael Roe3, Charles Apperson3, 
Rob Knight10

1University of North Carolina, Chapel Hill, NC, United States, 2Stanford 
University, Palo Alto, CA, United States, 3North Carolina State University, 
Raleigh, NC, United States, 4University of Colorado, Boulder, CO, United 
States, 5Connecticut Agriculture Station, New Haven, CT, United States, 
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Richmond, VA, United States, 8Georgia Southern University, Statesboro, 
GA, United States, 9University of Massachussetts, Worcester, MA, United 
States, 10University of California San Diego, San Diego, CA, United States

Ixodes scapularis is the principle vector of Lyme disease in the East 
coast and upper Midwest regions of the United States, yet the tick is 
also present in the Southeast, where Lyme disease is absent or rare. A 
closely related species, I. affinis also carries the pathogen in the South but 
does not seem to transmit to humans. In order to better understand the 
microbial community structure and its geographic differences, we analyzed 
the microbiomes of 89 adult I. scapularis and affinis ticks captured in 15 
locations in South Carolina, North Carolina, Virginia, Connecticut and New 
York. Initially ticks from 4 sites were analyzed by 454-pyrosequencing. 
Subsequently, ticks from these sites plus 11 others were analyzed by 
Illumina MiSeq. Data were analyzed using the QIIME-based pipeline. By 
both analyses, female tick microbiomes were significantly less diverse than 
those of male ticks. The dissimilarity between tick microbiomes increased 
with distance between sites. The genus Rickettsia was prominent in all 
locations. Borrelia was also present in most locations, and was especially 
high in one site in Western Virginia. In contrast, Enterobacteriacea was 
very common in North Carolina I. scapularis but uncommon in North 
Carolina I. affinis and in I. scapularis from other sites. These data suggest 
substantial variations in the I. scapularis microbiome associated with 
geography.

544
DEER REDUCTION REDUCES THE FORCE OF ENZOOTIC 
TRANSMISSION OF BABESIA MICROTI

Heidi Goethert, Sam Telford III
Tufts University School of Veterinary Medicine, North Grafton, MA, United 
States

The public health burden of Lyme disease and the associated guild of 
deer tick-transmitted infections has increased in the northeastern U.S. 
in the last decade. The only intervention that may stably reduce vector 
density is deer reduction. However, evidence demonstrating a long term 
change in enzootic transmission due to deer reduction remains to be 
presented. We hypothesized that the agent of human babesiosis, Babesia 
microti, may be less efficiently transmitted than those of Lyme disease or 
granulocytic ehrlichiosis and thus may be sufficiently sensitive to detect 
evidence of reduced transmission within a short ecological time frame 
after intervention. Accordingly, we compared the force of B. microti 
transmission on Great Island (GI), MA, where the seminal deer reduction 
experiment was initiated in 1984; deer tick densities were reduced by 80% 
as a result and have been maintained at the same low level ever since. 
Our comparison site was Nantucket Island, where no such intervention 
has occurred. A main reservoir host for B. microti, Peromyscus leucopus, 
was intensively sampled from 1984 to 1997 and on an ad hoc basis since. 
Archived blood samples were analyzed for the presence of B. microti and 
positive samples genotyped using a variable number tandem repeat (VNTR) 
assay. The prevalence of infection in mice on GI decreased significantly 
from 72% (95% confidence interval 62-81) in the late 1980s to 44% 
(35-53) in the 1990s. The prevalence of infection in mice from Nantucket 
did not differ between the two time periods, 64% (52-75) and 59% (47-
70), respectively. The diversity of B.microti VNTR genotypes, as measured 
by Shannon indices, tended to diminish from the 1980s to the 1990s 
on Great Island (P=0.08), while the diversity increased on Nantucket. 
We conclude that deer reduction reduced the force of transmission of 
B. microti on Great Island as a result of reduced infestation of mice by 
subadult deer ticks.

545
PROBING THE GENOMIC DIVERSITY OF THE TICK-BORNE 
PATHOGEN, BABESIA MICROTI

Giovanna Carpi1, Katharine S. Walter1, Choukri Ben Mamoun2, 
Peter Krause1, Adalgisa Caccone3, Maria Diuk-Wasser4

1Yale School of Public Health, New Haven, CT, United States, 2Yale School 
of Medicine, New Haven, CT, United States, 3Yale University, New Haven, 
CT, United States, 4Columbia University, New York, NY, United States

Babesia microti is an emerging pathogen causing human babesiosis, a 
malaria-like febrile illness whose geographic range and human incidence 
are on the rise in the United States. Despite the epidemiological relevance 
of B. microti, little is known about its standing genetic variation, 
population dynamics, and the genetic basis of human virulence. A major 
bottleneck in our understanding of the B. microti genetic diversity stems 
from the difficulty to efficiently obtain sufficient number of whole genome 
sequences of this parasite from vector or clinical samples, without the 
need to propagate strains in rodents. To start probing B. microti genomic 
diversity we adopted hybrid capture techniques to enrich for and sequence 
B. microti strains directly from 22 tick and clinical samples originated form 
12 geographic sites in US. Hybrid capture enabled efficient sequencing 
across these samples, yielding a minimum of 15X coverage across >92% 
of the target B. microti genome (6.4Mb) (mean coverage: 320X). We 
identified up to 2,574 single nucleotide polymorphisms across these 
samples, enabling a first assessment of patterns and levels of B. microti 
strain genomic variation in ticks and humans.
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ELUCIDATING THE ROLE OF INFILTRATING IMMUNE CELLS 
AT THE TICK-HOST INTERFACE DURING POWASSAN VIRUS 
INFECTION

Meghan E. Hermance, Rodrigo I. Santos, Saravanan Thangamani
The University of Texas Medical Branch, Galveston, TX, United States

Tick-borne diseases continue to emerge in the United States, as 
demonstrated by the identification of three new tick-borne pathogens 
(Heartland virus, Ehrlicha muris-like agent, Borrelia miyamotoi) 
and the expanding geographic range of Powassan virus (POWV) in the 
past few years. POWV is a neuroinvasive virus transmitted to humans by 
infected tick bites. Skin is the interface between an attached, feeding tick 
and a host; consequently, it is the first line of defense against invading 
pathogens that are delivered to a vertebrate host together with tick saliva 
at the bite site. POWV can be transmitted to a host as early as one hour 
after attachment and initiation of tick feeding. To our knowledge, no 
research has systematically examined the host immune response during 
the earliest stages of tick-borne virus transmission at the tick-host interface 
(i.e. the skin). The objective of this study was to immunophenotype 
infiltrating immune cells and to identify POWV-infected cells at the tick bite 
site during early feeding time points. We expect that this data will provide 
us with a better understanding of the role of cutaneous and infiltrating 
immune cells during the early stages of POWV-infected tick feeding. In the 
present study we fed POWV-infected and uninfected Ixodes scapularis 
nymphs on naïve mice for 3, 6, 12, and 24 hours (1 tick per mouse). 
4-μm sections were taken near the mouthparts of each feeding tick. 
Infiltrating immune cells and POWV-infected cells at the tick bite site were 
identified by immunohistochemistry. Our data clearly demonstrates that 
the hypostome of I. scapularis nymphs penetrate to the subcutaneous 
layer of the skin during the feeding process. After 12 and 24 hours of 
tick feeding we have identified macrophages and fibroblasts that stained 
positive for POWV at the tick bite site. Complete immunophenotyping of 
infiltrating immune cells for all time points of tick feeding (3, 6, 12, and 
24 hours post-infestation) is underway. The location, timing, identity, and 
quantity of immune cells determined via histology will enable us to define 
the quality and kinetics of the host response to tick-borne POWV infection.

547
DISTRIBUTION AND SURVIVAL OF BORRELIA MIYAMOTOI 
IN HUMAN BLOOD COMPONENTS: RELATIONSHIP TO 
TRANSFUSION TRANSMISSION 

Laura Tonnetti, Aaron Thorp
American Red Cross, Rockville, MD, United States

Borrelia miyamotoi (Bm), the agent of relapsing fever is a tick-borne 
spirochete, first isolated in Japan in 1994. Since then, the spirochete 
has been detected in ticks globally, generally in the same vectors 
as the Lyme disease agent. Human infection has been reported in 
Russia, Europe, Japan and the U.S., as influenza-like febrile illness. Two 
cases of meningoencephalitis caused by Bm have been reported in 
immunocompromised patients. We explore the distribution and infectivity 
of the spirochete in human blood components after separation and 
storage, using standard blood bank conditions. Freshly collected human 
whole blood was spiked with Bm-infected mouse plasma and separated 
into red blood cells (RBCs), plasma and platelets. Bacterial counting in 
the components after separation determined that the majority of the 
bacteria were found in the RBCs fraction. Components were injected into 
immunocompromised (SCID) or wild type mice (Peromyscus leucopus), 
either after collection of after storage at 4°C for the RBCs and -20°C for 
plasma. Platelet samples were not stored. Infection was determined by 
increasing spirochetemia in the mouse blood collected at different time 
points. Spirochetemia was detectable in all the SCID animals (30 total) 
injected with RBCs, either before or after storage for 21 and 42 days. 
Similarly, all SCID mice (20 total) injected with plasma and platelets derived 

from Bm-spiked whole blood before storage developed spirochetemia. 
In the wild-type mice, 9 out of 10 developed infection when challenged 
with RBCs before storage or after 21 days in both groups, while RBC 
samples stored for 42 days infected 5 of 10 wild-type mice. Plasma and 
platelet samples before storage infected 5 of 10 and 6 of 10 challenged 
P. leucopus, respectively. Also, SCID mice were unable to clear the 
infection by the last observation (day 30) while, in the wild- type 
mice, spirochetes were not detectable after day 20. None of the mice 
developed the infection when injected with frozen plasma. This study 
demonstrates that Bm survives standard storage condition of most human 
blood components, suggesting the possibility of transmission by blood 
transfusion.

548
MAPPING OF DENGUE VIRUS SEROTYPE 2 NEUTRALIZING 
ANTIBODIES HIGHLIGHTS A QUATERNARY STRUCTURE 
EPITOPE

Emily N. Gallichotte, Doug Widman, Boyd Yount, Ralph Baric, 
Aravinda de Silva
University of North Carolina at Chapel Hill, Chapel Hill, NC, United States

Dengue fever and dengue hemorrhagic fever are caused by the four 
serotypes of dengue virus (DENV), which circulate globally. Dengue 
serotype 2 (DENV2) is widespread and frequently responsible for severe 
epidemics. DENV2 infections stimulate durable, serotype-specific 
neutralizing and protective antibodies in people. The leading live 
tetravalent dengue vaccine was protective against DENV1, DENV3 and 
DENV4, but not DENV2. The epitope of protective antibodies that develop 
in people following DENV2 infections have not been defined. Here we 
show that DENV2 specific neutralizing antibodies target a quaternary 
epitope that is only displayed on intact virus particles. By mapping human 
DENV2 type-specific monoclonal antibodies and using recombinant 
viruses, we demonstrate that the majority of DENV2 specific neutralizing 
antibodies in immune sera use a complex epitope. The epitopes recognized 
by DENV2 neutralizing antibodies include envelope domain III (EDIII) of 
one E monomer and additional regions on adjacent E proteins. Thus, the 
display of this epitope requires the assembly of E protein into higher order 
structures. Our results reveal the identity of a major neutralizing epitope of 
DENV2 that is targeted by natural infection and a live virus vaccine induced 
antibodies. The identification of DENV2 type-specific neutralizing antibody 
epitopes could be harnessed to evaluate antibody response of vaccines 
under development and develop next generation vaccines.

549
AN ATOMIC-LEVEL FUNCTIONAL MODEL OF DENGUE VIRUS 
ENVELOPE PROTEIN INFECTIVITY

Elizabeth A. Christian, Kristen M. Kahle, Kimberly-Anne Mattia, 
Bridget A. Puffer, Jennifer M. Pfaff, Adam Miller, Cheryl Paes, 
Edgar Davidson, Benjamin J. Doranz
Integral Molecular, Inc., Philadelphia, PA, United States

A number of structures have been solved for the Envelope (E) protein from 
Dengue virus (DENV) and closely related flaviviruses, providing detailed 
pictures of the conformational states of the protein at different stages of 
infectivity. However, the key functional residues responsible for mediating 
the dynamic changes between these structures remain largely unknown. 
Using a comprehensive library of point mutations covering all 390 residues 
of the DENV-3 E protein ectodomain, we identified residues that are critical 
for virus infectivity, but that do not affect E protein expression, folding, 
virion assembly, or budding. The locations and atomic interactions of these 
critical residues within different structures representing distinct fusogenic 
conformations help to explain how E protein 1) regulates fusion loop 
exposure by shielding, tethering, and triggering its release, 2) enables 
hinge movements between E domain interfaces during triggered structural 
transformations, and 3) drives membrane fusion through late stage zipper 
contacts with stem. These results provide new targets for drug and vaccine 
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development and integrate the findings from structural studies into a 
cohesive functional model that explains how specific residues in this class II 
viral fusion protein enable virus infectivity.

550
DISSECTING THE SPECIFICITY OF THE NEUTRALIZING 
ANTIBODY RESPONSE TO A LIVE ATTENUATED 
TETRAVALENT DENGUE VACCINE (TDV) CANDIDATE

Sandra Henein1, Jesica Swanstrom1, Douglas G. Widman1, Dan 
T. Stinchcomb2, Hansi Dean2, Jorge E Osorio2, Charalambos D 
Partidos2, Ralph S. Baric1, Aravinda de Silva1

1Department of Microbiology and Immunology, University of North 
Carolina, Chapel Hill, Chapel Hill, NC, United States, 2Takeda Vaccines, Inc., 
Deerfield, Chicago, IL, United States

Dengue is a major medical and public health problem worldwide. The four 
DENV serotypes (DENV-1 to -4) can cause a range of pathologies from 
mild fever to severe hemorrhagic fever and shock. Currently, there are no 
vaccines available for dengue. As dengue specific antibodies can enhance 
infection and disease under certain conditions, vaccine candidates must 
stimulate responses that simultaneously protect against all four serotypes. 
We have developed a live attenuated Tetravalent Dengue Vaccine 
candidate (TDV) that consists of an attenuated DENV-2 strain (TDV-2) and 
three chimeric viruses containing the prM and E protein genes of DENV-
1, -3 and -4 expressed in the context of the attenuated TDV-2 genome 
backbone (TDV-1, TDV-3, and TDV-4, respectively). TDV has been shown 
to be immunogenic and efficacious in animal models, well tolerated in 
Phase I trials in humans, and is currently in Phase II clinical trials in dengue 
endemic regions. In the present study we sought to analyze the qualitative 
features of the neutralizing antibody response induced in naïve and DENV 
immune individuals who received TDV. Using a structural-based epitope 
exchange technology of transplanting conformational epitopes from 
one DENV serotype to another as well as human monoclonal antibody 
blockade assays, we demonstrate that TDV elicits type-specific DENV-1 and 
DENV-2 neutralizing antibody responses in many vaccinated individuals. In 
the case of TDV-1, the neutralizing antibody response was focused on a 
quaternary epitope surrounding the DENV-1 EDI/II hinge region. In the case 
of TDV-2 the specificity of the antibody response was directed towards a 
quaternary epitope centered on EDIII of DENV-2. Studies are currently in 
progress to determine the specificity for the neutralizing response induced 
by TDV-3 and TDV-4. These early findings highlight the potential of using 
novel technologies to determine relationships between antibody epitopes 
targeted by natural DENV infections and dengue vaccine candidates, and 
may also pave the path for defining correlates and specific mechanisms of 
TDV induced protection.

551
ENGINEERING OF A FULL SPECTRUM POTENT ANTIBODY 
FOR THE TREATMENT OF DENGUE

Luke Robinson, Kirk Rowley, Tyree Koch, Hamid Tissire, Karthik 
Viswanathan, James Myette, Zachary Shriver, Gregory Babcock
Visterra, Inc., Cambridge, MA, United States

Dengue is an illness caused by one of four dengue virus (DENV) serotypes. 
The disease is endemic to the tropics and subtropics and the global 
incidence of dengue has increased gradually over recent years due to 
increased air travel, population, and urbanization with reduced vector 
control. There are currently no approved anti-viral therapies to treat 
dengue. Utilizing our computational amino acid interaction network 
technology, we have engineered VIS513, a humanized antibody targeting 
domain III of the E protein that is able to efficiently bind to and neutralize 
all four serotypes of the virus. We demonstrate that the antibody is 
highly potent, neutralizing virus in the low nM (ng per mL) range across 
a wide range of isolates, encompassing diverse genotypes within the 
four serotypes, and including challenge strains that represent significant 
diversity within the VIS513 epitope. In comparative in vitro studies, 

we show that VIS513 is more highly neutralizing than other recently 
discovered antibodies, including fusion loop or E dimer epitope (EDE) 
antibodies. Furthermore, serial in vitro passaging of virus in the presence 
of VIS513 demonstrates that VIS513 escape variants arise less frequently 
than serotype-specific antibodies that engage quaternary epitopes. In 
various mouse models, we extend the above findings and show that a 
single administration of VIS513 up to 48 hours following DENV infection 
is able to rapidly decrease viral titers, prevent thrombocytopenia of human 
platelets and mitigate disease progression. Furthermore, we demonstrate 
that VIS513 is produced at high levels in a CHO cell line, appropriate for 
manufacturing, and thus is able to reduce costs associated with production 
of a biologic. Taken together, these data demonstrate that VIS513 is a 
potent, efficacious, and broad binding immunotherapy for dengue. Given 
the proven track record of safety associated with antibodies targeting 
foreign antigens, we anticipate that VIS513 has the potential to be an 
important agent for the treatment or prophylaxis of DENV infection and 
mitigation of disease complications. We anticipate clinical study of VIS513 
to begin in 2016.

552
DENGUE VIRUS INFECTION ELICITS HIGHLY POLARIZED 
CX3CR1+ CYTOTOXIC CD4+ T CELLS

Daniela Weiskopf1, Derek J. Bangs1, John Sidney1, Aruna D. 
de Silva2, Aravinda M. de Silva3, Shane Crotty1, Bjoern Peters1, 
Alessandro Sette1

1La Jolla Institute for Allegy and Immunology, La Jolla, CA, United States, 
2Genetech Research Institute, Colombo, Sri Lanka, 3University of North 
Carolina School of Medicine, Chapel Hill, NC, United States

The frequency of infection with any of the four dengue viruses (DENV 
1-4) has increased dramatically in the last few decades, and the lack of a 
vaccine has led to significant morbidity and mortality worldwide. Dengue 
virus is a pathogen with unusual pathogenesis and protective immunity is 
poorly understood. While DENV-specific CD8+ T cell responses have been 
extensively studied, the breadth and specificity of CD4+ T cell responses 
remains to be defined. In effort to define HLA-restricted CD4+ T cell 
responses resulting from natural infection with DENV, we endeavored to 
map T cell responses in individuals from Sri Lanka where DENV is hyper-
epidemic. Characterization of the phenotype of the responding CD4+ T 
cells revealed a DENV specific T cell subset that is specifically expanded 
in donors carrying an allele associated with protection from severe DENV 
disease. Analysis of DENV-specific CD4+ T cells revealed that the virus 
specific cells were highly polarized, with a strong bias towards a CX3CR1+ 
Eomes+ Tbet+ perforin+ granzyme B+ CD45RA+ CD4 CTL phenotype. 
Importantly, frequency of these cells correlated with a protective HLA DR 
allele and we demonstrate these cells have direct DENV-specific cytolytic 
activity. We speculate that cytotoxic dengue-specific CD4+ T cells may play 
a role in control of dengue infection in vivo, and this immune correlate 
may be a key target for dengue virus vaccine development.

553
IMMUNOLOGICAL INVESTIGATIONS TO UNDERSTAND THE 
OUTCOME OF THE PHASE III EFFICACY STUDIES OF THE 
SANOFI PASTEUR CANDIDATE DENGUE VACCINE

Bruno Guy1, Janice Moser2, Antony Byers2, Anatoly Kachurin2, 
Anke Harenberg3, Florence Boudet3, Corinne Dunod1, Karen 
Fanouillere1, Matthew Bonaparte4, Nicholas Jackson1

1Sanofi Pasteur, Lyon, France, 2Sanofi Pasteur, Orlando, FL, United States, 
3Sanofi Pasteur, Marcy l’Etoile, France, 4Sanofi Pasteur, Swiftwater, PA, 
United States

Two pivotal large scale Phase III studies have been conducted in Asia 
and Latin America to assess the efficacy of the Sanofi Pasteur candidate 
dengue vaccine. These trials are now in the hospital phase, and long-term 
follow up data are being accrued, in addition to those obtained during 
the first two years of the active phase. Scientific investigations have 
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been launched to deepen our understanding of the impact of different 
host parameters, and address their potential link to the observed results. 
New immunological assays have been developed and applied, aiming at 
evaluating in vaccinees and controls the homotypic and heterotypic nature 
and affinity of the vaccine and/or dengue-induced immune responses. The 
immunological signature present in the acute samples of breakthrough 
dengue cases has also been characterized in both hospitalized vaccinees 
and controls. The results of these ongoing investigations will be presented, 
which combined analyses may help understand the observed short term 
and long term efficacy and safety profile of the vaccine.

554
DENGUE VIRUSES GROUP AS DIFFUSE CLUSTERS ON 
ANTIGENIC MAPS MADE WITH PRIMARY HUMAN 
VACCINATION AND NATURAL INFECTION ANTISERA

Leah Katzelnick1, Angela Green2, Louis Lau2, Judith Fonville1, 
Chunling Wang2, Anna Durbin3, Eva Harris2, Stephen Whitehead4, 
Derek Smith1

1Centre for Pathogen Evolution, Department of Zoology, University of 
Cambridge, Cambridge, United Kingdom, 2Division of Infectious Diseases 
and Vaccinology, School of Public Health, University of California, 
Berkeley, Berkeley, CA, United States, 3Center for Immunization Research, 
Department of International Health, Johns Hopkins Bloomberg School 
of Public Health, Baltimore, MD, United States, 4Laboratory of Infectious 
Diseases, National Institute of Allergy and Infectious Diseases, National 
Institutes of Health, Bethesda, MD, United States

The four dengue virus types, DENV1-4, are mosquito-borne flaviviruses 
that infect an estimated 390 million individuals each year. Isolates of 
DENV1-4 are thought to group into four discrete serotypes, in large part 
because the enduring, protective neutralizing antibody response following 
primary infection is observed to be serotype-specific. We previously found 
that primary African green monkey (AGM) antisera recognize DENVs as 
diffuse antigenic clusters. Here we use antigenic cartography to further 
test: 1) if primary human monovalent vaccine and natural infection 
antisera recognize a genetically diverse panel of DENV isolates as discrete 
serotypes, and 2) if the neutralizing responses of these antisera are type-
specific. We generated two antigenic maps of the DENV panel: one using 
antisera from 40 individuals, each inoculated with a monovalent vaccine 
component of the NIH live vaccine, and a second using antisera from 21 
Nicaraguan children drawn in the year following their first DENV infection. 
On maps made with monovalent vaccine and natural infection antisera, 
similar to what we observed with AGM antisera, the antigenic distance 
within a DENV type was the same as the antigenic distance between types. 
We then tested if the neutralizing antibody responses were type-specific. 
On both the monovalent vaccine and natural infection antigenic maps, 
some individuals had type-specific responses, but just as often, individuals 
had neutralizing antibody responses that fell between DENV types. Further, 
we found that the monovalent vaccine antigenic map changed very little if 
made with only the most central, cross-reactive antisera or only the most 
peripheral, type-specific antisera. We thus found that human monovalent 
vaccine and natural infection antisera reacted to the DENV panel as diffuse 
antigenic clusters, that both type-specific and cross-reactive neutralizing 
antibody responses were observed following primary DENV exposure, and 
that these neutralizing responses identified similar underlying antigenic 
relationships among genetically diverse DENV strains.

555
DELIVERY OF A MALARIA PRE-ERYTHROCYTIC PEPTIDE 
VACCINE FORMULATED IN TLR AGONIST ADJUVANTS TO 
SKIN ASSOCIATED LYMPHOID TISSUE (SALT)

Roshawn Johnson, Robert Mitchell, Elizabeth Nardin, Ute Frevert
New York University School of Medicine, New York, NY, United States

Long-lived protective immunity against malaria can be elicited in 
human volunteers by immunization with sporozoites, however, mass 

vaccination with cryopreserved parasites or by mosquito bite presents 
logistical challenges for delivery to the one third of the world’s population 
currently at risk of Plasmodium infection. The “gold standard” for large 
scale vaccination remains the Smallpox Eradication campaign which 
demonstrated the utility and cost effectiveness of vaccine delivery by skin 
scarification (SS) using trained community health workers. SS delivery of 
malaria vaccines may more closely mimic the natural route of sporozoite 
injection by mosquito bite which is known to elicit neutralizing antibodies 
that immobilize sporozoites in the skin and protective cellular immunity in 
the skin draining lymph nodes. Our recent studies demonstrate that mice 
immunized SS with a P. falciparum circumsporozoite peptide formulated 
in adjuvants containing synthetic TLR agonists can elicit neutralizing 
antibody that protect mice against sporozoite challenge. Inclusion of TLR 
agonists was critical, as SS immunization with peptide administered in 
oil adjuvants without TLR agonists elicited a Th2-type antibody response 
that was not protective. Immune responses in the skin reflect a complex 
dermal network of innate and adaptive immune cells that potentially 
include keratinocytes, Langerhans cells, dendritic cells and NK cells, as well 
as resident memory T cells recently shown to be elicited by various viral 
vaccines. In an effort to elucidate the spacio-temporal response in SALT 
to an SS delivered malaria vaccine, we have utilized reporter mice and 
intravital imagining, confocal microscopy, and flow cytometry to define 
the TLR agonist- dependent mechanisms functioning in the induction 
of sporozoite neutralizing antibodies. These studies identify elements of 
the innate and adaptive immune response that can be used to guide the 
rational development of improved SS adjuvant formulations for vaccines 
against Plasmodium parasites as well as other skin invasive pathogens.

556
VACCINE MEDIATED PROTECTION WITH SINGLE AND 
DOUBLE SPECIES CHALLENGE AFTER WHOLE PARASITE 
CHEMICALLY ATTENUATED BLOOD STAGE VACCINES

Jennifer M. Reiman, Bibiana Rodriquez, Amber Raja, Virginia 
McPhun, Michael F. Good
Griffith University, Southport, QLD, Australia

Mixed species malaria infections are common in parts of the world and can 
result in more severe malarial disease than infection with a single species. 
Understanding the impact mixed infections have on vaccine mediated 
protection is important for developing an effective malaria vaccine. To 
model this we assessed protection against single and double species 
challenge in C57BL/6 mice immunized with a chemically attenuated blood 
stage vaccine containing Plasmodium chabaudi AS, Plasmodium yoelii 
17X, or a combination vaccine containing both species. Mice received 
three doses of vaccine containing 106 centanamycin attenuated pRBCs of 
a single species or each species within a single inoculum or an equivalent 
number of centanamycin-treated normal red blood cells (control) from a 
naive mouse. Mice were challenged five weeks post vaccination with 105 

pRBC of each species or 105 pRBC of both species in a single inoculum. 
Utilizing differences in the MSP1 gene sequence between Plasmodium 
chabaudi AS and Plasmodium yoelii 17X quantitative real-time PCR 
was used to measure species-specific parasite levels. Blood samples were 
collected prior to challenge and post challenge for PCR. Physiological data 
including internal temperature, body weight, glucose, and hemoglobin 
were collected on alternate days from day 1 and compared to baseline. 
Additionally, the severity of disease in mice was evaluated using our system 
of clinical scoring based on criteria such as pallor, urine color, fur texture, 
activity, and posture. All data were collected blinded post challenge. None 
of the vaccines (single or double) conferred complete protection against 
parasite burden (as measured by qPCR). However, single and combination 
vaccines provided clinical protection against severe disease following a 
single parasite challenge. Double (mixed) challenges resulted in increased 
disease severity (clinical score) in all groups of vaccinated and control mice 
relative to single challenge. Nonetheless, a combination vaccine provided 
enhanced survival against a double challenge compared to control or 
single vaccines. The full results of these new studies are presented here.
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557
ENABLING THE VACCINE POTENTIAL OF DUFFY BINDING 
PROTEIN (DBP): BROADLY NEUTRALIZING EPITOPES, 
RECEPTOR BINDING, AND ANTIGEN ENGINEERING

Niraj H. Tolia1, Edwin Chen1, Nichole D. Salinas1, Joseph D. 
Batchelor1, Brian M. Malpede1, Francis B. Ntumngia2, John H. 
Adams2

1Washington University School of Medicine, St. Louis, MO, United States, 
2University of South Florida, Tampa, FL, United States

The Duffy Binding Protein (DBP) plays a critical role in Plasmodium vivax 
invasion of reticulocytes. Three features have hampered the progression 
of DBP as a vaccine candidate: 1) The polymorphic nature of DBP induces 
strain-specific immune responses; 2) the epitopes of broadly-neutralizing 
versus non-protective antibodies are not known; and 3) a limited 
understanding of the structure of DBP bound to its receptor DARC. We 
will present structural, computational and functional data on DEKnull, a 
synthetic DBP based antigen that has been engineered through mutation 
to enhance the induction of strain-transcending, blocking inhibitory 
antibodies. We will also present high-resolution epitope mapping data of 
multiple anti-DBP antibodies. The mapping data clearly identifies broadly 
neutralizing epitopes that, in conjunction with our structural determination 
of the DBP:DARC complex, lay a clear path forward for the rational design 
of the next generation of DBP-based antigens. This work highlights new 
approaches to target the molecular mechanism of invasion and increases 
the inhibitory epitope repertoire to be incorporated into future vaccine 
designs. Vaccine efficacy may be improved by targeting critical functional 
regions and broadly-neutralizing epitopes of parasite proteins, while 
avoiding decoy-epitopes identified by these studies.

558
MIDGUT FIBRINOGEN-RELATED PROTEIN 1 (FREP1) AS A 
NOVEL TARGET FOR MALARIA TRANSMISSION-BLOCKING 
VACCINES

Caio Martinelle França1, Genwei Zhang1, Guodong Niu1, Noah 
S. Butler2, Jun Li1
1University of Oklahoma, Norman, OK, United States, 2Oklahoma Health 
Sciences Center, Oklahoma City, OK, United States

Plasmodium development in mosquito midguts is imperative for malaria 
transmission. Recently, fibrinogen-related protein 1 (FREP1) has been 
demonstrated to be critical for parasite infection in mosquitoes. FREP1 
is expressed in the mosquito midgut where it mediates P. falciparum 
ookinete invasion assisting parasite through anchoring to the peritrophic 
matrix and penetration of the midgut epithelium. Here, we determined 
that FREP1 protein could also bind P. berghei-infected mice red blood 
cells and ookinetes using indirect immunofluorescence assays. We propose 
that anti-FREP1 antibodies disrupting the interaction between FREP1 and 
Plasmodium will interfere with parasite infection in mosquitoes. To test 
this hypothesis, we expressed FREP1 in E. coli, using the purified protein 
to generate polyclonal anti-FREP1 antibody in rabbits. We demonstrated 
that feeding mosquitoes with the purified anti-FREP1 rabbit polyclonal 
antibody (200µg/ml) mixed with P. berghei infected mouse blood 
significantly reduced the number of oocysts in A. gambiae compared with 
pre-immune rabbit IgG (p<0.0001). The number of oocysts per midgut 
decreased from 10 in the control group to 3 in experimental group. To 
further examine whether FREP1 can be a potential vaccine antigen against 
parasite transmission to mosquitoes, we immunized mice with purified 
recombinant protein and boosted twice with a 16-day interval to elicit a 
high titer antibody response in outbred mice. Two weeks after the third 
boost, we infected the immunized mice with P. berghei that were used to 
infect mosquitoes 10 days later. Results showed that 80% of mosquitoes 
in experimental groups were free from infection compared to 12.5% 
of mosquitoes from control group. We repeated the experiments >3 
times, and obtained consistent results, suggesting that antibodies that 

recognize FREP1 is able to inhibit the Plasmodium invasion in midguts 
and then interfere with parasite infection in mosquitoes. Collectively, we 
confirmed FREP1’s role in the ookinetes invasion of mosquito midgut and 
demonstrated that FREP1 can be used as a midgut antigen target for 
mosquito-based transmission blocking vaccine.

559
DISCOVERY OF NOVEL TRANSMISSION BLOCKING VACCINE 
CANDIDATES USING GAMETOCYTE PROTEIN MICROARRAY

Will Stone1, Joseph Campo2, Isabelle Morlais3, Anna Cohuet4, 
Chris Drakely5, Colin Sutherland5, Douglas Molina2, Arlo Randall2, 
Jozelyn Pablo2, Chris Hung2, Adam Shandling2, Kevin Tettah5, Chris 
Janse6, Shahid Khan6, Edwin Lasonder7, Robert Sauerwein1, Phil 
Felgner8, Teun Bousema1

1Radboud University Medical Center, Nijmegen, Netherlands, 2Antigen 
Discovery Inc., Irvine, CA, United States, 3Laboratoire de Recherche sur 
le Paludisme, Institut de Recherche pour le Développement IRD-OCEAC, 
Yaoundé, Cameroon, 4Institut de Recherche en Sciences de la Sante, Bobo-
Dioulasso, Burkina Faso, 5London School of Hygiene & Tropical Medicine, 
London, United Kingdom, 6Leiden University Medical Centre, Leiden, 
Netherlands, 7Plymouth University, Plymouth, United Kingdom, 8University 
of California Irvine, Irvine, CA, United States

Natural and vaccine-induced immune responses can reduce the 
transmission of malaria from man to mosquitoes. The development 
of malaria transmission blocking vaccine (MTBV) candidates has so far 
been limited by difficulties achieving correctly folded immunogenic 
proteins for vaccination. Two leading candidates, pre-fertilization 
antigens Pfs48/45 and Pfs230, are expressed on the surface of mature 
gametocytes and elicit transmission blocking immunity (TBI) in a fraction 
of individuals naturally exposed to malaria infection. It has been shown 
repeatedly that full TBI may be present in absence of immune responses 
to these well characterised proteins, yet no attempts have been made 
to comprehensively identify the immune signatures of naturally acquired 
TBI. To this end we compiled a list of 319 P. falciparum proteins whose 
transcription is upregulated in mature gametocytes and which possess 
characteristics of surface-located proteins (e.g. transmembrane domains, 
GPI anchor). These proteins were expressed in an E. coli based in 
vitro transcription-translation system and printed onto a nitrocellulose 
microarray. To assess the relationship between functional TBI and reactivity 
to the array of gametocyte proteins, we collected a library of 587 sera 
from naturally malaria exposed expatriates and individuals from the 
Gambia, Cameroon, and Burkina Faso. Serum IgG was purified from 
all samples and provided to mosquitoes with cultured gametocytes in 
the standard membrane feeding assay (SMFA), revealing that 3.6% 
(21/587) of individuals possessed strong, reproducible TBI. Probing the 
sera on the array identified 10 proteins that individuals with TBI reacted 
to more intensely, and more commonly. One of the reactive proteins, 
PF3D7_1103800 (p=0.014), has not previously been associated with TBI 
but is highly expressed in stage V gametocytes and ookinetes and was 
associated with TBI in multiple endemic settings. Our analysis substantially 
increases the number of Plasmodium antigens implicated in the 
development of immune responses that inhibit parasite development in 
mosquitoes, and provides multiple novel targets for MTBV development.
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560
INTERACTIONS BETWEEN TRANSMISSION BLOCKING 
VACCINES AND NATURAL IMMUNITY AGAINST 
PLASMODIUM FALCIPARUM

Dari F. Da1, Anaïs Bompard2, R. Serge Yerbanga3, Thierry Lefèvre1, 
Bienvenue K. Yaméogo3, Sumi Biswas4, Jean Bosco Ouédraogo3, 
Thomas S. Churcher2, Anna Cohuet1

1Institut de Recherche en Sciences de la Santé (IRSS/DRO), Institut de 
Recherche pour le Dévéloppemnt (IRD/MIVEGEC), Bobo-Dioulasso, Burkina 
Faso, 2Imperial College, London, United Kingdom, 3Institut de Recherche 
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Malaria transmission-blocking vaccines (TBV) are promising candidates for 
disrupting the Plasmodium life cycle within mosquitoes. Using membrane 
feeding assays, pre-clinical studies identified vaccine candidates able 
to impede Plasmodium development in the mosquitoes. This vaccine-
induced immunity could complement observed natural human immunity, 
which also reduces Plasmodium human to mosquito transmission. In 
this study, we investigated the efficacy of two major TBV candidates and 
the interaction between natural and vaccine-induced immunity. Mosquito 
Membrane Feeding Assays were performed by exposing Anopheles 
coluzzii females to gametocyte-infected blood from naturally infected 
patients. Total IgG purified from mice immunized with viral-vectors 
expressing Pfs25 or Pfs230-C were mixed with gametocyte-infected blood, 
with and without serum replacement. Female mosquitoes were then fed 
on the mixture. Fully fed mosquitoes were dissected 7 days-post feeding 
and oocysts were counted. The effect of natural immunity on TBV efficacy 
was tested using blood from 6 different gametocyte carriers. We observed 
a reduced TBV efficacy when using whole blood compared to blood with 
serum replacement. In the context of the translational investigations for 
implementation of transmission blocking vaccines, this finding highlights 
the need to consider the natural immunity of the patients when evaluating 
TBV candidates.

561
IN VITRO PRODUCED PLASMODIUM FALCIPARUM 
SPOROZOITES ARE AS INFECTIOUS AS MOSQUITO 
PRODUCED SPOROZOITES IN HEPATOCYTE ASSAYS

Abraham G. Eappen, Meghan Marquette, Patricia De La Vega, 
Tao Li, Peter F. Billingsley, B. Kim Lee Sim, Stephen L. Hoffman
Sanaria Inc., Rockville, MD, United States

Development of an effective in vitro methodology for Plasmodium 
falciparum (Pf) sporogony and the production of infective sporozoites 
(SPZ) without the use of mosquitoes will radically alter Pf biology research 
paradigms and vaccine development program similar to the revolutionary 
discovery of Pf asexual in vitro culture methodology, as reported. This 
enabling technology will also dramatically reduce the cost of production 
of Sanaria® PfSPZ products; PfSPZ Vaccine (radiation attenuated PfSPZ), 
PfSPZ Challenge (infectious PfSPZ for controlled human malaria infection 
[CHMI]) and PfSPZ-CVac (PfSPZ Challenge given with antimalarial drugs 
as a vaccine) all of which have shown excellent results in clinical trials, 
as previously reported. Using the in vitro culture protocol developed 
at Sanaria, we consistently achieved 2.4 to 12.5% (mean 8.3%) 
transformation of stage V gametocyte to 8 day oocysts. This was 39-fold 
higher than that observed in mosquitoes. In vitro-produced PfSPZ were 
harvested from culture supernatants and we produced between 180,000 
and 350,000 mature PfSPZ in 7 independent experiments. Mature in 
vitro-produced PfSPZ were motile, 10-13 µm long, and highly reactive 
to anti-PfCSP mAb, thus identical to salivary gland produced PfSPZ. In 
vitro produced PfSPZ were tested for their infectivity in 6 day hepatocyte 
potency assays. In 4 independent 6 day hepatocyte assays, in vitro 
produced PfSPZ seeded at 56,598 ± 7,294 PfSPZ/well produced 28.6 ± 7.0 
PfMSP-1 expressing 6 day parasites greater than 10 µm in diameter. While 

mosquito-produced, fresh aseptically purified PfSPZ seeded at 50,000 per 
well, produced 25.7 ± 4.1 mature 6 day parasites expressing PfMSP-1. The 
size of the 6 day parasites developed in HC04 cells from in vitro and in 
vivo (mosquito) produced PfSPZ were similar. These data demonstrate that 
in vitro-produced PfSPZ were as infectious in hepatocyte cultures as fresh 
mosquito-produced PfSPZ, and provide the foundation for ongoing efforts 
to optimize in vitro PfSPZ production.

562
DEPLOYMENT AND USE OF MOBILE PHONE TECHNOLOGY 
FOR REAL-TIME REPORTING OF FEVER CASES AND MALARIA 
TREATMENT FAILURE IN AREAS OF DECLINING MALARIA 
TRANSMISSION IN MUHEZA DISTRICT NORTHEASTERN 
TANZANIA

Filbert F. Temba1, Deus S. Ishengoma1, Brunno P. Mmbando1, 
Acleus S. Rutta1, Mwelecele N. Malecela2, Martha M. Lemnge1, 
Edwin Michael3
1National Institute for Medical Research Tanzania, Tanga, United Republic 
of Tanzania, 2National Institute for Medical Research Tanzania, Dar es 
Salaam, United Republic of Tanzania, 3University of Notre Dame, South 
Bend, IN, United States

Early detection of febrile illnesses at community level is essential for 
improved malaria case management and control. Currently, mobile phone 
based-technology is common used in developing world for collecting 
and transferring health information and services. This study assessed the 
applicability of mobile phone technology for real-time reporting of fever 
cases and management of malaria by village health workers (VHWs) in 
northeastern Tanzania. The Community mobile phone-based Disease 
Surveillance and Treatment for Malaria (ComDSTM) system combined 
mobile phones and web applications was developed and implemented in 
three villages and one dispensary in Muheza district from November 2013 
to October 2014. A baseline census was conducted in May 2013; data 
were uploaded on a web-based database and updated during follow-up 
visits by VHWs. Active (ACD) and passive case detection (PCD) of febrile 
cases was done by VHWs. Cases found positive by malaria rapid diagnostic 
test (mRDT) were treated by artemether-lumefantrine (AL). The first dose 
was given by nurse while other doses were taken under supervision of 
VHW at home. Each patient was visited on day 7 to observe recovery 
process. Data from each stages of the surveillance life cycle were captured 
and transmitted to the database using mobile phones.The baseline 
population in the three villages was 2934 in 678 households. A total of 
1907 febrile cases were recorded by VHWs. Out of these, 1828 (95.9%) 
were captured using mobile phone. At the dispensary, 1778(93.2%) febrile 
cases were registered where 84.2% captured through PCD. Positivity 
rates were 48.2% and 45.8% by mRDT and microscopy, respectively. 
Nine cases had treatment failure reported on day seven post-treatment 
and adherence to treatment was 98%. In conclusion, the study showed 
that mobile phone based-technology can be successfully used by VHWs 
for surveillance and timely reporting of fever episodes and monitoring 
of treatment failure in remote areas. Further optimization and scaling-up 
of tools will be required to improve malaria case management and drug 
resistance surveillance
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SPATIAL CLUSTERING OF MALARIA INFECTIONS IN 
NORTHERN NAMIBIA: IMPLICATIONS FOR SURVEILLANCE 
AND RESPONSE STRATEGIES FOR ELIMINATION

Hugh J. Sturrock1, Joyce Auala2, Munyaradzi Tambo2, Erastus 
Haindongo2, Immo Kleinschmidt3, Davis R. Mumbengegwi2, Roly 
D. Gosling1

1University of California San Francisco, San Francisco, CA, United States, 
2University of Namibia, Windhoek, Namibia, 3London School of Hygiene & 
Tropical Medicine, London, United Kingdom

Reactive case detection (RACD), whereby household members and 
neighbours of passively detected index cases are tested and treated 
when positive, is a widely used method to identify and target malaria 
hotspots. Typically RACD is carried out using rapid diagnostic tests (RDTs) 
or microscopy, both of which are likely to miss low density (sub-patent) 
infections. This represents a potential barrier to interrupting transmission 
as these sub-patent infections are still able to infect mosquitoes. Using 
data from a larger epidemiological study in Engela district in northern 
Namibia between January 2013 - June 2014, we explore the occurrence 
and spatial clustering of sub-patent infections around passively detected 
cases. Individuals testing RDT positive at any health facility in Engela district 
were followed up to their home. Household members and individuals of 
four neighbouring households were asked to provide a blood sample for 
RDT and dried blood spot (DBS) for later molecular analysis. Blood samples 
for RDT and DBS were also taken from randomly selected individuals 
within the district. If they tested negative by RDT, members of their 
household and individuals of the four nearest neighbouring households 
were also screened. Households of study participants were geolocated 
using GPS devices. Sub-patent infections were identified by subsequent 
analysis of DBS samples by Loop-mediated isothermal amplification 
(LAMP). In total, 1,759 individuals from 62 case neighbourhoods and 
944 individuals from 56 control neighbourhoods provided DBS samples. 
Results show that sub-patent infections were more prevalent in the 
neighbourhoods of cases than controls (OR 7.0, p=0.002). Furthermore, 
there appeared to be a decay in risk around case households, with the 
odds of finding additional infections far higher within the index household 
than in neighbouring households (OR 3.8, p=0.005). These results suggest 
that RACD with RDTs is insufficient to target the infectious reservoir and 
more aggressive interventions, such as targeted presumptive treatment, 
may be required.

564
HETEROGENEITY IN MALARIA PROPAGATION POTENTIAL: 
QUANTIFYING REAL-LIFE EXPOSURE TO ANOPHELES 
VECTORS USING DNA FINGERPRINTING

Wamdaogo M. Guelbéogo1, Bronner P. Gonçalves2, Alfred 
Tiono1, Lynn Grignard2, Alphonse Ouédraogo1, Amidou Diarra1, 
Sagnon N’Falé1, Sodiomon B. Sirima1, Teun Bousema3, Chris 
Drakeley2

1Centre National de Recherche et de Formation sur le Paludisme, 
Ouagadougou, Burkina Faso, 2London School of Hygiene & Tropical 
Medicine, London, United Kingdom, 3Radboud University Medical Center, 
Nijmegen, Netherlands

The number of mosquito bites individuals infected with malaria receive is 
a major determinant for onward transmission of infection. In this study, 
we quantified individual-specific exposure to Anopheline mosquitoes 
throughout the transmission season. In a village in Burkina Faso, 189, 
326 and 620 blood-fed mosquitoes were collected from 40 households 
at the end of the transmission season (November-December 2013), and 
from 20 households at the start (July 2014) and peak (September 2014) 
of the following wet season, respectively. Finger prick blood samples 
were collected from individuals living in these households to allow for 
the identification of blood meal source by DNA fingerprinting. 171/189 

mosquitoes collected during the first survey (2013) had their blood meal 
genotyped. 82.9 % of Anopheles vectors with single blood meals were 
linked to individuals living in the household where they were caught. A 
non-negligible proportion of mosquitoes (22.1 %) took their blood meal 
from multiple human hosts. Most bites (69.6%) were on adults even 
though they represented only 38.1% of the population. The mean number 
of mosquito bites per study participant and its variance were 1.2 and 7.4. 
11.1 % of the population living in households where fed mosquitoes were 
collected received 71.8 % of mosquito bites. Mosquitoes collected during 
the start and peak of the wet season are currently being analysed and data 
will be presented. Our preliminary results provide evidence that encounters 
between malaria vectors and human hosts are heterogeneously distributed 
and that a high proportion of mosquitoes feed on more than one human 
host. This heterogeneous effective exposure to mosquitoes has profound 
consequences for our interpretation of the human infectious reservoir for 
malaria.

565
MOLECULAR INVESTIGATION OF A MALARIA OUTBREAK 
IN CUSCO DEPARTMENT OF PERU LINKS IT TO A STRAIN OF 
PLASMODIUM FALCIPARUM GENETICALLY SIMILAR TO A 
RECENT TUMBES DEPARTMENT OUTBREAK STRAIN

Sheila Akinyi Okoth1, Nancy Arrospide2, Stella M. Chenet1, Sonia 
Gutierrez2, Cesar Cabezas2, Jose Antonio Matta3, Venkatachalam 
Udhayakumar1

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
2Instituto Nacional de Salud, Lima, Peru, 3Laboratorio de Referencia de La 
Convención, Cusco, Peru

In November 2013, a malaria outbreak occurred in Cusco department, 
southern Peru. Eleven cases were detected, four of which persisted 
after presumptive treatment for Plasmodium vivax infection. 
Eventually,microscopic examination confirmed P. falciparum, which 
had been reportedly absent in Cusco since 1946. In order to define 
the genotypic characteristics of the P.falciparum isolates from this 
outbreak and their possible origin(s), we utilized a panel of seven neutral 
microsatellites (MS) that had been used previously to characterize 
parasite populations in Peru and other countries. We had employed 
the same MS markers to investigate a malaria outbreak that occurred 
in Tumbes department, northern Peru, from 2010-2012; P.falciparum 
transmission had been halted for five years prior to that outbreak.The 
Tumbes investigation identified the origin of the outbreak as being a 
B-variant falciparum strain (BV1) from Loreto department. In the current 
investigation, we found that all four Cusco isolates were genetically 
identical to the BV1 strain linked to the Tumbes outbreak. These isolates 
had drug resistance marker alleles that matched those of the BV1 strain at 
Pfcrt, Pfmdr1, Pfdhfr and Pfdhps genes. The isolates had also deleted 
Pfhrp2 and Pfhrp3. Epidemiological data suggested that this outbreak 
was caused by road construction workers who migrated from Loreto 
department. Our molecular data was consistent with the epidemiological 
findings. Previous laboratory investigations revealed that the BV1 strain was 
circulating in Loreto department as early as 2009. Given that the BV1 strain 
is multi-drug resistant, can escape detection by PfHRP2-based RDTs and 
has contributed to two outbreaks in different geographical regions where 
P. falciparum transmission had been halted for several years prior, it is 
important for countries in the Amazon Basin to monitor for its potential 
expansion. Molecular epidemiological investigations are valuable for 
tracking the potential source of outbreak parasite strains and their drug 
and diagnostic resistance genetic characteristics. 
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ASSESSMENT OF COMMON GLUCOSE-6-PHOSPHATE 
DEHYDROGENASE (G6PD) DEFICIENCY ALLELIC TYPES IN 
ETHIOPIA

Ashenafi Assefa1, Wendimagegn Tsegaye2, Getachew Abebe2, 
Heven Sime1, Amha Kebede1, Daddi Jima1, Moges Kassa1, Adugna 
Woyessa1, Tesfay Abreha3, Hiwot Teka4, Hiwot Solomon5, Joseph 
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Ethiopia aims to eliminate malaria from selected low transmission settings 
by 2020. As Plasmodium falciparum and P. vivax are co-endemic 
in Ethiopia, the use of primaquine is indicated for both transmission 
interruption and radical cure, respectively. However, primaquine use 
has been limited in Ethiopia due to the limited data available on G6PD 
deficiency. Dried blood spot (DBS) samples were collected in 2011 as 
part of the national Malaria Indicator Survey-a multi-stage nationally 
representative survey of all malaria-endemic areas of Ethiopia. A randomly 
selected subset of DBS was genotyped by polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP). Considering the 
geographical position and ethnic mix of the country, three common G6PD 
variants, i.e. G6PD*A (A376G), G6PD*A- (G202A) and Mediterranean 
(C563T), were investigated in 2000 DBS samples. Of the 2000 samples 
selected, 1585 (76.8%) were available for genotyping, among which 54% 
were from females. G6PD*A (8.99%) was the only genotype detected, 
with no samples positive for A- or Mediterranean variants. Regional 
variation in G6PD*A prevalence was observed, with the highest prevalence 
reported in samples from the Southern Nation and Nationalities Peoples’ 
Region (11.33%), followed by Tigray (10.94%), Oromia (9.48%),Gambella 
/ Benishangul Gumuz (9.4%), Afar / Somali (7.03%), and Amhara 
(5.73%); no G6PD deficiency was detected in samples from Harari. Of the 
A mutation 31% were found in males; 62.1% and 6.8% of mutations 
found in females were heterozygous and homozygous, respectively. The 
results support the limited historical evidence of low prevalence of G6PD 
deficiency in Ethiopia. The A mutation observed is a mild deficiency 
causing around 85% of the normal enzymatic activity and is of little 
clinical significance. The more severe G6PD deficiency allelic types, A- and 
Mediterranean, common in other parts of Africa were not observed. Our 
results support the safe use of primaquine especially the single low-dose 
(0.25 mg/kg) as an elimination strategy for falciparum malaria in Ethiopia.

567
SPATIAL ANALYSIS USING SEROLOGICAL MARKERS 
FOR THE IDENTIFICATION OF AREAS OF HIGH MALARIA 
TRANSMISSION IN THE LOW ENDEMIC NORTHERN COAST 
OF PERU

Gabriel Carrasco-Escobar1, Ángel Rosas-Aguirre2, Mónica 
Melendez3, Dionicia Gamboa4, Juan Contreras-Mancilla5, Anna 
Rosanas-Urgell6, Niko Speybroeck2, Annette Erhart7, Sócrates 
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As transmission becomes increasingly focal in low transmission settings, 
an accurate identification of malaria hotspots is crucial to better design 
targeted interventions. In this study, we evaluated the ability of a 
spatial analysis using serological markers for identifying cluster areas 
with high incidence rates of clinical P. vivax malaria in a low endemic 
district (Bellavista) of the Peruvian Northern Coast. After a full census 
and georeferencing of houses in the study setting in May 2010, a cross-
sectional survey was conducted to collect blood samples on filter paper 
from 1925 individuals. Antibodies for specific IgG responses to P. vivax 
merozoite surface protein-1 ─terminal region 19-kDa C─ (PvMSP-119) and 
apical membrane antigen-1 (PvAMA-1) were detected by ELISA. A mixture 
model was used to determine the cut-off of antibody responses for each 
antigen. An individual with antibody responses exceeding the cut-off 
value for at least one of the two antigens was considered seropositive. 
QGIS was used to map all surveyed individuals and SaTScan (applying 
a Bernoulli model) to detect spatial clusters of individuals with P. vivax 
seropositivity. The most likely spatial cluster was a 0.22 km radius cluster 
including 694 individuals (19.7% of total censored individuals) in 163 
households (21.9% of total censored houses) (RR=2.3, p<0.001). After the 
survey, an enhanced passive case detection (PCD) at local health facilities 
from June 2010 to May 2012 allowed the detection of 35 clinical P. vivax 
episodes in the study setting. A logistic regression analysis showed that 
individuals living inside the most likely seropositivity cluster (identified in 
May 2010) were four times more likely to present clinical P. vivax episodes 
detected by PCD in the following two years than those living outside the 
cluster (OR=3.92, 95%CI 2.01-7.64). Study findings confirmed that the 
spatial analysis using serological markers allowed identifying future areas 
with high risk of clinical P. vivax malaria. These tools may support the risk 
stratification and prioritization of targeted interventions to better reduce 
transmission and move towards malaria elimination.
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MICRO-EPIDEMIOLOGY OF PLASMODIUM VIVAX AND 
P. FALCIPARUM INFECTIONS IN AN AREA OF LOW 
TRANSMISSION OF SOLOMON ISLANDS: STRIKING 
CONTRAST WITH IMPLICATIONS FOR FUTURE 
INTERVENTIONS
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Kazura5, Alyssa E. Barry1, Ivo Mueller1
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Health Training and Research Institute, Ministry of Health, Honiara, 
Solomon Islands, 4School of Population Health, University of Queensland, 
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Historically, Solomon Islands has endured considerable Plasmodium 
falciparum and P. vivax burden. In the last 20 years, it has achieved 
90% reduction in malaria cases and is aiming for elimination. In 2012, 
we conducted a cross-sectional survey in Ngella (n=3501), an area of 
low transmission of Solomon Islands to investigate the natural reservoir 
and local epidemiology of P. vivax and P. falciparum. The contrast was 
striking. Whilst only five clonal P. falciparum infections were identified 
from a single village, P. vivax prevalence remains moderately high (qPCR 
13.4%), with predominantly afebrile, submicroscopic infections, which 
display genetic complexity and considerable spatial heterogeneity. We 
typed 360 P. vivax infections at nine microsatellite loci and subsequent 
analyses of diversity (FST, GST, Jost’s D) and structure (Bayesian clustering, 
multidimensional scaling and phylogenetics) revealed a genetically diverse 
P. vivax population, but spatially fragmented, even among villages 10-
30km apart. This indicates that whilst P. vivax may be more difficult 
to eliminate than P. falciparum, local parasite populations have been 
affected by control interventions. Living in a household with at least one 
other P. vivax carrier increased the risk of P. vivax infection, indicating 
possible intra-household transmission. Genetic relatedness of P. vivax 
clones will be measured and compared at household, village and island 
levels to decipher fine scale spatial clustering of infection and thus 
presence of transmission hotspots. Association of P. vivax infection with 
human genetic factors known to confer protection against infection 
(α-thalassemia and Southeast Asian ovalocytosis) will also be integrated 
in this analysis. The implication of these findings will be discussed in 
the context of factors which may impact on the efficacy of follow-up 
elimination strategies: i) enhanced and targeted surveillance, ii) source 
of P. vivax importation, and iii) prevalence of glucose-6-phosphate 
dehydrogenase deficiency and the use of primaquine mass drug 
administration to eliminate malaria.

569
NATURAL HISTORY OF PERILESIONAL EDEMA IN CALCIFIC 
NEUROCYSTICERCOSIS

Theodore E. Nash, JeanAnne Ware, Siddhartha Mahanty
National Institutes of Health, Bethesda, MD, United States

Perilesional edema around calcified Taenia solium granulomas 
(calcifications) is commonly detected in patients with seizures in endemic 
regions, occurring in 50% of recurrent seizures in persons who have 
calcifications, a history of seizures and a positive cysticercosis serology. 
We characterized the long-term course and consequences for persons 
experiencing one or more documented episodes of perilesional edema 
(episodes) in 21 patients followed for a median of 8.5 years (range 0.4-
28.8 yrs) at the National Institutes of Health (NIH). A perilesional event 
(event) was defined as a transient fluid-attenuated version recovery (FLAIR) 
magnetic resonance imaging (MRI) signal at least twice the diameter of 

the involved calcification, whose presence was confirmed by computerized 
tomography (CT) examination and/or on SWI MRI sequences on or before 
the first episode. A sizable minority of episodes (15.4%) encompassed 
multiple events involving separate calcifications. Repeat MRI examinations 
were done when new symptoms occurred, at intervals after documented 
episodes when possible, when evaluating other lesions or complications 
and semiannually or annually. The study group had a median age 30.5 
yr (range 19.7-69.8), two thirds were female and 71.5% were Hispanic. 
In all there were 77 episodes, which included 104 events involving 50 of 
728 calcifications, which corresponds to 5 calcifications/person (1-280), 2 
involved calcifications/person (1-11) and 3 events/persons (1-32)[(data are 
median (range)]. In 64 evaluable episodes, symptoms were seen in 70.3% 
and were mostly focal and/or generalized seizures. No symptoms were 
reported in 29.7% of episodes, a high proportion that may be the result of 
the relatively large numbers of MRIs performed in asymptomatic patients. 
Other findings will be presented. Our data demonstrate that recurrent 
episodes involving multiple calcifications can occur over decades causing 
significant morbidity. Many episodes are asymptomatic suggesting that 
the number of episodes may be significantly greater than estimated from 
symptomatic cases.

570
NEUROCYSTICERCOSIS AT A LARGE ACADEMIC CENTER IN 
SOUTH FLORIDA

Rosemary C. Iwunze1, Susanne Doblecki-Lewis2, Katherine 
Doktor1, Aileen Chang2, Maria Alcaide2, Paola Lichtenberger3
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Neurocysticercosis (NCC) is a neglected parasitic disease with an estimated 
mortality rate of 2-9.8% in the United States of America (USA). Florida 
accounted for 6.3% of NCC deaths in the USA between 1990 and 2002, 
yet there are no major NCC studies for the region. This is a retrospective 
study with the aim of characterizing the population diagnosed with NCC 
at 2 large tertiary medical centers in South Florida within Miami-Dade 
County, where 51.3% of the population is foreign born. Seventy-seven 
patients met criteria for study: 62.3% female, and 67.5% uninsured. The 
largest region of origin was Central America (50.6%), followed by the 
Caribbean (32.5%). The largest nationality was Haitian at 28.6% in the 
study, yet 7% of the foreign born population are Haitian in Miami-Dade 
county, and only 5% of cases were Mexican. 93.5% met diagnostic criteria 
for definitive and probable NCC, 67-78% had no serology or stool study 
to support radiologic evidence of NCC. 68.8% had parenchymal NCC, 
31% had extraparenchymal NCC, and only 52% of extraparenchymal 
cases underwent resection of cyst. Five cases had mention of treating close 
contacts of patients or giving case patient praziquantel to target possible 
intestinal disease. There was a correlation between symptom improvement 
and increasing length of therapy, lesion type and NCC lesion resolution, 
but not symptom improvement and NCC lesion resolution. Nationalities 
represented differ from what has been reported in other studies, and 
disproportional to the foreign born populations in Miami-Dade County. 
This study shows that South Florida has conditions for the autochthonous 
acquisition of NCC, identifies Haitians has a high-risk group for NCC in the 
USA, variations in care and the need for treatment guidelines.
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PREVALENCE AND FACTORS ASSOCIATED WITH INTESTINAL 
TAENIASIS IN PATIENTS WITH CYSTICERCOSIS AND THEIR 
RELATIVES
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Neurocysticercosis, common parasitic disease of the central nervous 
system, is a leading cause of seizures worldwide. Identification and 
treatment of tapeworm carriers is key to block further infections and 
reduce the burden of disease of this zoonosis. In this study we evaluated 
the prevalence and associated factors of taeniasis in patients with 
cysticercosis and their close relatives (people living in the same house). 
Patients with a serological diagnosis of cysticercosis (positive on enzyme-
linked immunoelectro transfer blot [EITB, western blot] assay) attending 
the Cysticercosis Unit in the Institute of Neurological Sciences, a referral 
center in Lima, Peru, and their relatives were routinely asked to provide 
at least one stool sample to rule out teniasis by microscopy using a 
tube sedimentation technique. This retrospective analysis had as its 
primary outcome the proportion of taeniasis in patients and relatives. 
Additionally age, sex and place of residence (living or not in Lima, capital 
of Peru) were evaluated in a logistic regression model to assess their 
role as associated factors. A total of 4,563 new patients with serological 
diagnosis of cysticercosis were identified in our unit between June-1999 
and December-2010. From them only 3,405 patients and 4,217 relatives 
provided stool samples. The average age in patients was 36.2 years (SD 
18.8) and 26.4 years (SD 18.0) in relatives. The proportion of males among 
patients was higher than relatives, 49.3% (95%CI ±1.68) and 44.55% 
(95% CI±1.5) respectively. The prevalence of microscopically confirmed 
taeniasis among patients was 2.3% (95%CI ±0.5) and 0.8% (95% 
CI±0.3) in relatives. In the logistic regression including sex age and place of 
residences as covariates we found that only younger age (OR 0.98 p<0.01) 
and living outside of Lima (OR 1.83, p=0.059) are associated to taeniasis. 
The prevalences found both in cysticercosis patients and in their relatives 
are similar to levels reported in highly endemic areas. Taeniasis should 
be actively ruled out in patients with positive results to western blot to 
cysticercosis especially in young population and in people who live outside 
of Lima.
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ASSOCIATION BETWEEN EDEMA PERI-CALCIFICATION AND 
EPILEPTIC SEIZURES: A CASE-CONTROL STUDY IN ENDEMIC 
AREA FOR CYSTICERCOSIS IN THE NORTHERN COASTAL OF 
PERU

Luz Maria Moyano Vidal1, Percy Vilchez2, Fernando Urizar3, 
Exgar Oliva2, Viterbo Ayvar3, Javier Bustos4, Hector H. Garcia5, For 
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Heredia, Center for Global Health, Department of International Health, 
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Neurcysticercosis (NCC) is a helminthic infection of the Central Nervous 
System due to larval stage of Taenia solium and one of the most 
important contributor of late-onset epilepsy in resources poor-region 
around the world .Between 30% and 42% of overall epileptic seizures 
can be attributed to NCC in rural Peru. A previous study performed in 
patients with calcified NCC and seizures showed that 34.5% presented 
peri-lesional edema at MRI evaluation. The main objective of this case-
control study was to evaluate the association between peri-calcification 
brain edema and seizures in field conditions in an endemic region for 
cysticercosis This study was performed in health centers in rural villages of 
the northern coastal of Peru (Tumbes) where people with epilepsy (PWE) 
receive monthly their antiepileptic treatment. Fifty-eight PWE with calcified 
images associates with NCC were included, 29 PWE (case group, CG) were 
matched by age (+/- 4 years) and sex with their control group (CC), PWE 
and calcified NCC with more than 02 year without seizures In a window-
time of seven days after the last seizure an MRI (axial slides of T1, T2 and 
Flair protocol) was performed in cases and controls. Females were 17/29 
(58.62%), history of partial seizure were more frequent CG compare to 
CC, 27/29 (93.1%) vs. 17/29 (58.62%), p= 0.0237), Peri-lesional edema 
was found in 34.48% (10/29) vs. 10.34% (3/26), p=0.028; other variables 
were not significative. The OR 6.71 [(95%CI 1.18-38.05), p=0.031] to 
develop an epileptic seizure was higher in PWE with calcified lesions 
associated with edema in CG compare to CC. In conclusion, edema Peri-
calcification is strongly associate to epileptic seizures in PWE and Calcified 
NCC in field conditions.

573
ASSOCIATION BETWEEN INDIVIDUAL- AND VILLAGE-LEVEL 
FACTORS AND THE PREVALENCE OF CURRENT INFECTION 
WITH TAENIA SOLIUM CYSTICERCOSIS IN 60 VILLAGES OF 
BURKINA FASO

Hélène Carabin1, Rasmané Ganaba2, Athanase Millogo3, Pierre 
Dorny4, Cici Bauer5, Ida Sahlu5, Jean-Bosco Ouédraogo6, Sarah 
Gabriel4, Assana Cissé6, Zékiba Tarnagda6
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Taenia solium cysticercosis is an infection with great potential to be 
controlled using One Health. The goal of this study was to use the baseline 
data from a community-based randomized controlled trial conducted in 
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60 villages of Burkina Faso to explore the association of environmental- 
and individual-level variables and human cysticercosis prevalence. 
Between February 2011 and January 2012, 60 individuals living in 60 
villages located in three provinces of Burkina Faso were selected using 
clustered random sampling. One individual was sampled per compound. 
The chief of the household, housewife and the participant answered 
questionnaires about socio-demographic characteristics, sanitation, 
hygiene, pig management and pork consumption. Blood samples were 
drawn by venipuncture and the sera were tested for circulating antigens 
of T. solium metacestodes. Between March and November 2014, soil 
texture and pH were measured in each village. A Directed Acyclic Graph 
was developed to assess the structure of variables affecting environmental 
contamination and exposure to eggs. Bayesian hierarchical log-binomial 
models were fitted with individual and village level variables, with village- 
and province-level random-effect intercepts. Diffuse priors were used. 
Circulating antigens were detected in 120 of 3609 participants. The 
prevalence of current cysticercosis infection varied considerably across 
provinces and ranged from 0% to 11.5% across villages. At the individual 
level, being aged between 18 and 49, male, and eating pork outside the 
household were associated with increased prevalence while having access 
to a latrine and living in a more wealthy household decreased prevalence. 
At the village level, restraining pigs some of the time, a higher percentage 
of silt texture and higher pH in the soil decreased the prevalence. This 
study demonstrates that at the individual level young males who eat pork 
outside of the home show higher prevalence of cysticercosis. The highly 
clustered nature of cysticercosis could be explained in part by the soil 
texture which may impact survival of taeniid eggs in the environment.

574
TH-17 CELLS ARE ASSOCIATED WITH DISEASE ACTIVITY AND 
PATHOLOGY IN HUMAN ALVEOLAR ECHINOCOCCOSIS
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Zhang2, Hao Wen2, Amina Aierken3, Ren-Yong Lin2
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3Department of Ultrasonography,The First Affiliated Hospital of Xinjiang 
Medical University, Urumqi, China

Echinococcus multilocularis infections, which usually cause alveolar 
echinococcosis, are often clinically silent, but some individuals develop 
severe pathological reactions. In several disease processes, T-helper 
17 (Th17) cells have been linked to tissue injuries, while regulatory T 
cells (Tregs) are thought to down modulate inflammatory reactions. 
We assessed whether disease activity and pathology in human E. 
multilocularis infection is related to the balance of Th17 cells and 
Tregs. We used a murine model of E. multilocularis infection to further 
investigate whether the peripheral profiles reflected ongoing events in 
tissues. We characterized T-helper cell subsets in the peripheral blood and 
different hepatic tissue of alveolar echinococcosis patients in an endemic 
area and in the peripheral blood, spleen, and abdominal cavity of E. 
multilocularis–infected C57BL/6 mice. Hepatic alveolar echinococcosis 
patients with active stage had a significantly higher percentage of Th17 
cells than those without pathology. Moreover, the Th17 related cytokines 
and transcription factor were highly elevated in infected hepatic tissue 
compare with normal tissue. Percentages of interleukin 17–producing 
cells and related transcription factors were significantly higher in spleen 
and abdominal cavity of infected mice compare to non-infected mice. This 
difference was also reflected in the peripheral blood. Our study indicates 
that Th17 cells may be involved in the pathogenesis of human alveolar 
echinococcosis.
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PERFORMANCE COMPARISON OF THREE RAPID DIAGNOSTIC 
TESTS FOR THE SERODIAGNOSIS OF HEPATIC CYSTIC 
ECHINOCOCCOSIS IN HUMANS
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The diagnosis of cystic echinococcosis (CE) is based on imaging, 
in particular ultrasound (US) for abdominal CE, complemented by 
serology when US features are unclear. In rural endemic areas, where 
expertise in US diagnosis of CE may be scant and conventional serology 
techniques are unavailable due to the lack of laboratory equipment, 
Rapid Diagnostic Tests (RDTs) are appealing. However, the performances 
of immunoassays are heterogeneous and influenced by many variables, 
and the interpretation of results may be difficult. We evaluated the 
performances of 3 commercial RDTs for the diagnosis of hepatic CE. 
Sera from 59 patients with single hepatic CE cysts (38 active, 21 inactive) 
and 25 patients with non-parasitic cysts were analysed by RDTs VIRapid 
HYDATIDOSIS (Vircell, Spain), Echinococcus DIGFA test (Unibiotest, 
China), ADAMU-CE (ICST, Japan), and by RIDASCREEN Echinococcus 
IgG ELISA (R-Biopharm, Germany). Sensitivity, specificity and ROC curves 
were compared with McNemar and t-test. For VIRapid and DIGFA, 
correlation between semiquantitative results and ELISA OD values was 
evaluated by Spearman’s coefficient. Reproducibility was assessed on 
16 randomly selected sera with Cohen’s Kappa coefficient. Se and Sp of 
VIRapid (74%, 96%) and ADAMU-CE (57%, 100%) did not differ from 
ELISA (69%, 96%) while DIGFA (72%, 72%) did (p=0.045). ADAMU-
CE was significantly less Se in the diagnosis of active cysts (p=0.019) 
while DIGFA was significantly less Sp (p=0.014) compared to ELISA. 
All tests were poorly Se in diagnosing inactive cysts (33.3% ELISA and 
ADAMU-CE, 42.8% DIGFA, 47.6% VIRapid). ROC curves of VIRapid (AUC 
0.851) and DIGFA (AUC 0.722) were significantly different (p=0.042). 
The reproducibility of all RDTs was good to very good. Band intensity of 
VIRapid and DIGFA correlated with ELISA OD values (r=0.76 and r=0.79 
respectively, p<0.001). RDTs may be useful in resource-poor settings to 
complement US diagnosis of CE in doubtful cases. In this regard, VIRapid 
test appears to perform best among the examined kits, but all tests are 
poorly Se in presence of inactive cysts, which may pose considerable 
problems of differential diagnosis.
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Undernutrition is estimated to be an underlying cause of over half 
of all deaths in young children globally. There is a growing body of 
literature indicating an association between stunting and environmental 
enteropathy, a disorder thought to be caused by repeated exposures 
to enteric pathogens. Environmental enteropathy is thought to arise 
from unsanitary environmental conditions leading to repeated exposure 
to enteric pathogen causing infections. To investigate the relationship 
between exposure to enteric pathogen through geophagy, consumption 
of soil, environmental enteropathy, and stunting, we conducted a 
prospective cohort study of 216 children under five years of age in 
Bangladesh. Geophagy was assessed at baseline using direct observation 
and caregiver reports. Stool was analyzed at baseline for fecal markers 
of intestinal inflammation: alpha-1-antitrypsin, myeloperoxidase, and 
neopterin combined to form an environmental enteropathy disease activity 
(EE) score, and calprotectin. Eighteen percent of children had observed 
geophagy events and 28% had caregiver reported events in the past 
week. Nearly all households had Escherichia coli (97%) in soil, and 14% 
had diarrheagenic E. coli. Children with caregiver reported geophagy 
had significantly higher EE scores (0.72 point difference, 95% confidence 
interval (CI): 0.01, 1.42). Furthermore, at the 9 month follow-up the odds 
of being stunted (height for age z-score <-2) was double for children 
with caregiver reported geophagy (OR: 2.27, 95% CI: 1.14, 4.51). These 
findings suggest that geophagy may be an important unrecognized risk 
factor for environmental enteropathy and stunting in susceptible pediatric 
populations.
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FOODS AND ASSOCIATION WITH DOMESTIC HYGIENE IN 
RURAL BANGLADESH
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Consumption of contaminated food is particularly harmful for children 
<2 years who have immature immune systems and are vulnerable to 
infection. Fecal indicator organisms and pathogens have been detected 
in children’s complementary food in Bangladesh. This study aimed to 
identify the frequency and concentration of Escherichia coli in child 
complementary food and its association with domestic hygiene practices 
in rural Bangladesh. It was nested within the control arm of a large-scale 
randomized-controlled trial of water, sanitation, hygiene and nutrition 
interventions. Field workers collected stored complementary food samples 
from 608 households with children <2 years, performed spot checks on 
domestic hygiene and measured the ambient temperature in the food 
storage area using AcuRite 00325 monitor. Food samples were analyzed 
using the IDEXX most probable number (MPN) method with Colilert-18 
media to detect E. coli. We calculated adjusted prevalence ratios (APR) 
to assess the relationship between E. coli and domestic hygiene using 
modified poisson regression, adjusting for mother’s education, household 

wealth, number of children and number of households in the compound. 
58% of stored complementary food was contaminated with E. coli and 
high levels of contamination (>100 MPN/dry g food) were found in 12% 
of samples. High levels of E. coli contamination was more prevalent in 
food that was stored uncovered rather than covered (APR=2.0, 95% 
CI=1.2-3.2), transferred from the storage pot to serving dish by hand 
rather than utensil (APR=2.0, 95% CI=1.3-3.2), stored at higher ambient 
temperatures (26-40°C vs. 14-25°C; APR=2.7, 95% CI=1.5-4.7) and 
stored for longer periods of time (>4 hours vs. ≤4 hours; APR=2.5, 
95% CI=1.5-4.2). Food container location, presence of flies and feces 
in the food storage area, presence of animals in the compound and 
utensil cleanliness were not significantly associated with high levels of E. 
coli contamination. Interventions to keep stored food covered, reduce 
storage temperatures, avoid hand contact while serving food and reduce 
storage time would be expected to reduce the concentration of E. coli in 
complementary foods.

578
PARASITIC CONTAMINATION OF VEGETABLES FROM 
SELECTED ORGANIC AND CONVENTIONAL FARMS IN THE 
PHILIPPINES: ITS IMPLICATIONS TO PUBLIC HEALTH

Kathleen Ordonez, Vachel Gay Paller
Institute of Biological Sciences, Los Banos, Philippines

This is a study on parasitic contamination of vegetables from selected 
farms in the Philippines. A total of 248 freshly harvested vegetable 
samples from organic and conventional farms were collected by systematic 
random sampling. The vegetable samples were processed by means of 
sedimentation technique. Results showed that 35 out of 248 (14%) 
vegetable samples were contaminated with eggs/cysts of parasites. 
The parasites found were Ascaris sp., Toxocara sp., Trichuris sp., 
Balantidium coli, Isospora sp. Taenia sp. and hookworm/strongylid. 
Ascaris sp. was considered as the most prevalent parasite in raw 
vegetables (5.95%) while Toxocara sp. had the highest mean density of 
16 eggs/kg of vegetables. Also, contamination rate was higher in organic 
farms (15%) than in conventional farms (11%). Lettuce, showed the 
highest contamination rate among the sampled vegetables in both types 
of farms. Farming practices and texture of vegetables were some of the 
factors that contributed to parasite contamination. These findings have 
important implications on food safety and on public health. The goal of 
the report is not to scare consumers but to aid regulatory agencies in their 
efforts to prevent contamination and improve food safety. Hence, proper 
authorities should address and review policies in certifying organic farms 
to address these issues.
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USAGE OF CARBON-FINANCED (“LIFESTRAW”) WATER 
FILTERS BY RURAL KENYAN HOUSEHOLDS

Amy J. Pickering1, Benjamin F. Arnold2, Holly Dentz3, John M. 
Colford, Jr.2, Thomas F. Clasen3, Clair Null3
1Stanford University, Palo Alto, CA, United States, 2University of California 
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In early 2011, 877,505 Lifestraw family water filters were distributed freely 
to >4.5 million people residing in Kenya’s Western Province by Vestergaard 
Fransen. The company registered the “Carbon for Water” project under 
the Gold Standard voluntary market; carbon credits are awarded based 
on semi-annual audits. This program overlapped a large RCT (“WASH 
Benefits”) evaluating the impacts of water, sanitation, hygiene, and 
nutrition interventions among households with newborns in rural villages 
in Kakamega and Bungoma counties. To characterize baseline water 
management practices and drinking water quality in the study population, 
we conducted independent household surveys of Lifestraw ownership 
and usage at 6 (n=499), 12 (n=344) and 18-24 (n=8,224) months post 
filter distribution; we also sampled stored drinking water to assess levels 
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of E. coli contamination. We found 90.8% of the surveyed households 
had received a filter and 93.6% reported that a local Lifestraw behavior 
promoter had visited in the past 6 months. Reported filter use on currently 
stored drinking water declined progressively (31.8% at 6-mo, 12.0% 
at 12-mo, and 8.8% at 18-24mo). Although the percent of households 
that reported any filter use was higher, it also declined over time (62.7% 
at 6-mo, 44.0% at 12-mo, and 23.8% at 18-24mo). Few respondents 
obtained water directly from the filter when asked to fetch a glass of 
water for a young child (1.1% at 6-mo, 0.7% at 12-mo, 0.4% at 18-24 
mo). Microbial quality was improved in Lifestraw filtered vs. unfiltered 
stored water, but typically still reflected Escherichia coli contamination 
(geometric mean 21 vs. 28 E. coli per 100mL, p=0.021). Half (49.5%) 
of households reported filters were not functioning after 18-24 mo. 
Our data suggest carbon-financed water filters have not contributed to 
improved water quality among households in Kenya’s Western Province. 
While carbon credit financing has been promoted as an innovative means 
to finance water treatment for low-income populations, our data suggest 
the program is consistent with other studies showing poor adoption of 
household water treatment interventions provided programmatically.
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EFFECTS OF COMPLEX HANDWASHING INSTRUCTIONS ON 
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Interventions to improve handwashing include instructions on how 
and when to wash hands. Instructions vary in complexity, with some 
recommending multiple steps. To assess whether increasingly complex 
handwashing instructions changed adherence among school-aged 
children, we conducted a randomized trial in a low-income area in 
Dhaka, Bangladesh. We randomly assigned each child to one of three 
different handwashing instruction sets: simple, moderate, or complex. 
The simple instructions had 3 steps: wet, lather, and rinse hands, 
moderate included the simple instructions plus steps to scrub palms, 
backs of hands, and dry hands by waving in the air. Complex instructions 
included the moderate instructions plus steps to scrub between fingers, 
under nails, and lather for 20 seconds. Fieldworkers observed baseline 
handwashing practice and then taught participants the handwashing 
instructions. Participants demonstrated handwashing immediately after 
intervention, then after two days, and after two weeks. Adherence was 
defined as the demonstration of all steps prescribed to the assigned group. 
Fieldworkers collected information from 134 (31%) children in simple, 
148 (35%) in moderate and 147 (34%) in complex instruction groups. 
The mean age of the children was 7.5 years. At baseline, 68% children 
performed steps included in the simple, 6.7% in moderate and <2.7% 
in complex instructions. After the intervention, adherence to simple 
instructions increased to >99% at 3 follow-up time points (immediately 
after the intervention, after two days and after two weeks). Adherence 
to all 3 sets of handwashing instructions significantly increased at each 
follow-up compared to baseline (mean difference: baseline vs. after two 
weeks= 31% [p<.001] for simple, 32% [p<.001] for moderate and 36% 
[p<.001] for complex instructions). Although adherence to moderate and 
complex handwashing instructions was low at baseline, children in all 
groups adhered to the assigned set of instructions two weeks after the 
intervention. These results suggest that complex handwashing instructions 
can be included in school handwashing programs for better hand hygiene.
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MOBILITY UP AND DOWN THE SANITATION LADDER 
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COMMUNITY-LED TOTAL SANITATION TRIGGERING
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The sanitation ladder consists of different stages of sanitation that 
correlate with increasing or decreasing risk of the transmission of diarrheal 
disease and soil-transmitted helminthes. Open defecation lies at the 
bottom rung of the ladder and is the most detrimental to health; the 
ladder progresses upward toward flush toilets. Between open defecation 
and flush toilets different types of latrines and latrine attributes are all 
associated with decreasing risk of disease transmission: a lid covering the 
hole; a smooth, cleanable floor; and a hand washing station with water 
and soap or ash. Using mobile-to-web community-led total sanitation 
(CLTS) data we explored the temporal stability of the three parameters 
(lid, smooth cleanable floor and hand washing station) across 13,000 
communities over 1.5 years and determined factors that lead to ascending 
and descending the sanitation ladder. Before CLTS implementation an 
estimated 69.5% of households had access to any latrine; following CLTS 
implementation an estimated 89.1% of households had access to any 
latrine. Approximately 5.1% of communities (592) were open defecation 
free at the beginning of mobile-to-web CLTS, and 31.2% of communities 
(3650) were open defecation free 1.5 years later. Among villages with any 
type of latrine coverage the different components of adequate sanitation 
per latrine in use went from 66.2%, 87.5%, 56.4% before intervention 
roll-out to 86.9%, 95.0%, 81.4% following intervention rollout for 
lid, smooth cleanable floor, and hand washing station, respectively. As 
communities climbed the sanitation ladder toward open defecation free 
temporal instability was noted in latrine access and all three parameters. 
Approximately half of villages reported backsliding down the sanitation 
ladder at some point in their push toward ODF. Progress up the sanitation 
ladder appears to be unstable, with gains made in climbing the sanitation 
ladder subject to temporary setbacks. Continuous monitoring is helpful 
for the reinforcement of latrine construction and ensuring that adequate 
latrine components are present.
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One-quarter of neonatal deaths are attributable to infections. 
Observational data suggest that maternal handwashing with soap prevents 
neonatal mortality but maternal handwashing is difficult to increase in 
the neonatal period. We conducted a randomized controlled trial to test 
the impact of a chlorhexidine-based waterless hand cleansing promotion 
on behavior of mothers and other household members. In a demographic 
surveillance area in Bangladesh, we randomized consenting pregnant 
women at 32-34 weeks gestation to intervention or control. In the 
intervention arm, behavior change communicators promoted chlorhexidine 
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hand cleansing to pregnant women and their household members, and 
provided a bottle of 4% chlorhexidine lotion. Using data from structured 
observations, we compared hand cleansing with chlorhexidine or 
handwashing with soap before baby care among mothers and household 
members in the intervention arm to those in the control. Chlorhexidine 
was observed in the baby’s sleep space in 97% of 130 intervention homes, 
compared to soap in 59% of 128 control homes. Hand cleansing before 
baby care was observed 5.6 times more frequently among mothers in the 
intervention arm, compared to controls (95% CI 4.0 - 7.7). Hand cleansing 
was observed at 34% of baby care events among women other than the 
mother in the intervention arm and 3% in the control arm (RR 10.9, 95% 
CI 5.1 - 23.1). Girls in the intervention arm cleansed hands before baby 
contact 37.0 times more frequently than those in the control arm (95% CI 
5.2 - 263.7). Men and boys in the intervention cleansed hands before 29% 
and 44% of baby care events, compared to 0% for each in the control 
arm. A waterless hand cleansing option using chlorhexidine resulted in 
substantial increases in hand cleansing behavior among mothers who have 
greatest contact with neonates. Other household members, particularly 
children who may introduce new organisms to the neonate’s environment, 
had far greater increases in hand cleansing in the intervention arm than 
mothers. The impact of chlorhexidine hand cleansing among mothers and 
other household members on neonatal infections should be evaluated.

583
RETROSPECTIVE LONGITUDINAL GENOMIC SURVEILLANCE 
OF PLASMODIUM FALCIPARUM MALARIA PARASITES 
DOCUMENTS THE EMERGENCE OF ARTEMISININ RESISTANCE 
IN THAILAND

Gustavo C. Cerqueira1, Ian H. Cheeseman2, Shalina Nair2, Marina 
McDew-White2, Alexander Melnikov1, Francois Nosten3, Timothy J. 
Anderson2, Daniel E. Neafsey1

1Broad Institute of Massachusetts Institute of Technology and Harvard, 
Cambridge, MA, United States, 2Texas Biomedical Research, San Antonio, 
TX, United States, 3Shoklo Malaria Research Unit, Mahidol University, Mae 
Sot, Thailand

Artemisinin-based combination therapies (ACT) are the first line treatment 
for Plasmodium falciparum infections worldwide, but resistance to 
artemisinin (ART) has risen rapidly in prevalence in Southeast Asia over 
the last decade. Mutations in the gene encoding the kelch protein 
(PF3D7_1343700) located on chromosome 13 of P. falciparum have 
been associated with ART resistance. However, this locus eluded several 
efforts to identify resistance genes using genome wide association 
studies and scans for signals of natural selection, and it is still unclear if 
mutations in other genes also contribute to ART resistance. To explore 
the power of a longitudinal genomic surveillance approach to detect a 
resistance signal in kelch and other loci that potentially contribute to 
ART resistance, we retrospectively sequenced and analyzed the genomes 
of 148 P. falciparum isolates collected from patients from two sites in 
Northwest Thailand between 2001 to 2012, bracketing the era in which 
there was a rapid increase in ART resistance in this region. We employed 
hybrid selection to enrich the fraction of parasite DNA in samples 
collected in 2008 or earlier, which were not white cell depleted prior to 
DNA extraction. This dataset enabled us to observe changes of SNP allele 
frequencies genome-wide during the process of acquisition of resistance 
to ART, including alleles in kelch now known to be associated with 
this phenotype and other candidate biomarkers. We evaluated multiple 
statistical metrics of temporal change in the frequency of individual 
SNPs or the diversity profile of genes. Assuming that SNPs associated 
with resistance should exhibit a change in frequency proportional to the 
increase in ART resistance over this time period, the resistance-associated 
C580Y mutation in kelch exhibits the strongest signal of any variant in the 
genome. However, other loci exhibit temporal signatures nearly as strong, 
and warrant further investigation. This analysis demonstrates the potential 
of a longitudinal genomic surveillance approach to detect resistance loci 
and improve our mechanistic understanding of how resistance develops.

584
MODELING MALARIA GENOMICS REVEALS TRANSMISSION 
DECLINE AND REBOUND IN SENEGAL

Rachel Fath Daniels1, Stephen F. Schaffner2, Edward A. Wenger3, 
Joshua L. Proctor3, Hsiao-Han Chang1, Wesley Wong1, Nicholas 
Baro1, Daouda Ndiaye4, Fatou Ba Fall5, Médoune Ndiopg5, Mady 
Ba5, Danny A. Milner6, Terrrie E. Taylor7, Daniel E. Neafsey2, Sarah 
K. Volkman1, Philip A. Eckhoff8, Daniel L. Hartl9, Dyann F. Wirth1

1Harvard School of Public Health, Boston, MA, United States, 2Broad 
Institute, Cambridge, MA, United States, 3Institute for Disease Modeling, 
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6Brigham and Women’s Hospital, Boston, MA, United States, 7Michigan 
State University, East Lansing, MI, United States, 8Institute for Disease 
Modeling, Boston, MA, United States, 9Harvard University, Cambridge, 
MA, United States

We examined a set of 1,007 Plasmodium falciparum samples collected 
in Thiès, Senegal between 2006 2013 in order to study the effects of 
malaria-control interventions on parasite population genomics. We 
genotyped these parasite samples using our ‘molecular barcode’ of 24 
single-nucleotide polymorphisms and observed that about 35% of the 
single-genome samples grouped into subsets with identical barcodes, 
varying in size by year and even persisting across dry seasons. The 
barcodes also formed networks of related groups that were similar to 
those also identified by analysis of 164 completely sequenced parasites 
that revealed extensive sharing of genomic regions. In at least two cases 
we found first-generation recombinant offspring of parents whose 
genomes were similar or identical to genomes also present in the sample. 
We applied an epidemiological model that tracks parasite genotypes 
and reproduced these patterns of barcode subsets. Quantification of 
likelihoods in the model strongly suggests reduced transmission from 
2006-2010, with a significant rebound in Thiès in 2012-2013. The reduced 
transmission and rebound was directly confirmed by incidence data from 
Thiès and was not found in Senegal overall. These findings imply that 
intensive intervention to control malaria results in rapid and dramatic 
changes in parasite population genomics. The results also suggest that 
genomics combined with epidemiological modeling may afford prompt 
and continuous tracking of progress toward malaria elimination.

585
DIFFERING POPULATION STRUCTURE AND GENOMIC 
SIGNATURES OF SELECTION IN SYMPATRIC WESTERN 
CAMBODIAN PLASMODIUM VIVAX AND P. FALCIPARUM 
POPULATIONS: IMPLICATIONS FOR ELIMINATION AND 
VACCINE DEVELOPMENT

Christian M. Parobek1, Eric J. Barnett2, Jessica T. Lin2, Chanthap 
Lon3, Charlotte Lanteri4, Sujata Balasubramanian2, Michele D. 
Spring4, Char Meng Chour5, David L. Saunders4, Jeffrey A. Bailey6, 
Jonathan J. Juliano2
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of Transfusion Medicine and Program in Bioinformatics and Integrative 
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United States

Plasmodium vivax and P. falciparum populations circulating in 
Cambodia are being shaped by intense selective forces. To provide a 
comprehensive comparison of the genes under selection in sympatric 
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Cambodian P. vivax and P. falciparum populations, we whole-genome 
sequenced (WGS) 70 P. vivax and 75 P. falciparum clinical isolates, which 
were collected from three provinces during 2009-2013 as part of an 
ongoing antimalarial drug-susceptibility study. Based on our WGS data, P. 
vivax infections were commonly multiclonal with no population structure, 
while P. falciparum infections were monoclonal and demonstrated 
strong population structure within and between provinces. This suggests 
that recent demographic events - eg. selection and migration - have not 
affected admixture within the P. vivax population to the same degree as 
P. falciparum. To better understand how these demographic events have 
shaped antigenic selection within Cambodian P. vivax and P. falciparum 
populations, we used coalescent simulations to model the effect of these 
forces for >90% of all P. falciparum and P. vivax genes. P. vivax and P. 
falciparum populations showed overall negative gene-wise Tajima’s D 
values, consistent with a purifying selective event followed by population 
expansion. Among the minority of genes with signatures of balancing 
selection, erythrocytic stage vaccine candidates in both species were over-
represented (eg. AMA-1, MSP-1). However, the protein domain under 
selection frequently varied between orthologs, suggesting that critical 
antigenic moieties vary between species. In addition, vaccine-candidate 
antigens expressed during non-erythrocytic stages - eg. CSP and TRAP 
- showed species-specific differences in selection, with P. falciparum 
antigens exhibiting higher diversity and stronger balancing selection. As 
the first genome-wide comparison of sympatric P. falciparum and P. vivax 
populations, our data demonstrate profound differences in population 
structure and orthologous vaccine candidates while providing insights into 
how control interventions and vaccine design must be tailored to address 
each species.

586
IDENTIFICATION AND FUNCTIONAL CHARACTERIZATION 
OF AN ESSENTIAL RNA-BINDING PROTEIN IN PLASMODIUM 
FALCIPARUM

Alejandra Falla, Suresh M. Ganesan, Jeffrey C. Wagner, Jacquin 
C. Niles
Massachusetts Institute of Technology, Cambridge, MA, United States

Malaria remains a major global health problem for which new drugs and 
effective vaccines are urgently needed for prevention, treatment and 
disease eradication. These efforts are significantly hindered, however, by a 
poor understanding of the parasite’s biology. About 50% of Plasmodium 
falciparum genes are of unknown function, as few tools previously 
existed for doing robust functional genetics studies in P. falciparum. RNA-
binding proteins (RBPs) are an important, yet poorly understood, class of 
proteins that are putatively involved in regulating various aspects of RNA 
metabolism in the parasite. However, most of the annotated RBPs have 
no described function. Since RBPs participate in processes essential for 
parasite survival, they may represent a novel class of therapeutic targets. 
To test this idea, we used a highly efficient CRISPR/Cas9 genome editing 
method to achieve conditional regulation of a putative RBP candidate 
gene by an anhydrotetracycline-inducible translation control system 
we previously developed. Protein expression profiling revealed tight 
regulation of expression. In growth assays, we find that knocking down 
expression of this RBP severely impairs parasite asexual growth after two 
generations; strongly indicating this protein is essential for intraerythrocytic 
development. We are presently carrying out various biochemical, cell 
biology and RNA-Seq experiments to characterize this protein and 
elucidate its mechanism of action. We believe that the integrated 
approach we have taken here will enable efficient identification of targets 
for potential antimalarial therapies and vaccines.

587
BRIDGING EPIGENETIC AND GENETIC CONTROLS IN 
MALARIAL ANTIGENIC VARIATION WITH EVOLUTIONARILY 
CONSERVED NONCODING ELEMENTS

Chengqi Wang, Swamy Rakesh Adapa, Stephen Sutton, Rays H. 
Y. Jiang
University of South Florida, Tampa, FL, United States

Antigenic variation in Plasmodium falciparum depends on the tight 
transcriptional regulation of var multi-copy gene family. To escape host 
immune detection, restricted subset of var genes are expressed few at 
a time. This mutually exclusive expression pattern is primarily controlled 
by modifications of chromatin structure as well as DNA regulatory 
elements associated with each var gene. However, the relationship 
between epigenetic and genetic control remains to be established. Here, 
we showed the intron region of each var gene always keeps a ‘poised’ 
epigenetic state, which have high potential to bind transcriptional factor 
(TF). The presence of stable transcripts for different var gene family is 
associated with this ‘poised’ potential. We further delineated a set of 
specific sequence elements located on the edge of intron region that play 
a key role for ‘anchoring’ this poised state. Interestingly, this Conserved 
Noncoding Element (CNE) is conserved in the introns of kir genes in P. 
knowlesi - which is another malaria parasite exhibiting antigenic variation. 
Taken together, our work showed the regulatory element binding 
potential in intron region is involved in the control mechanism of var 
gene expression and is differentially regulated among different var genes 
mediating antigenic variation.

588
CYP2D6 GENOTYPES AND PLASMODIUM FALCIPARUM 
GAMETOCYTE CLEARANCE AFTER SINGLE-DOSE 
PRIMAQUINE IN BURKINA FASO

Helmi E. Pett1, Chris Drakeley2, Bronner Goncalves2, Alfred B. 
Tiono3, Kjerstin Lanke1, Mikko Neuvonen4, Robert Sauerwein1, 
Sodiomon B. Sirima3, Mikko Niemi4, Teun Bousema1

1Radboud University Medical Center, Nijmegen, Netherlands, 2London 
School of Hygiene & Tropical Medicine, London, United Kingdom, 3Centre 
National de Recherche et de Formation sur le Paludisme, Ouagadougou, 
Burkina Faso, 4Department of Clinical Pharmacology, University of Helsinki 
and Helsinki University Hospital, Helsinki, Finland

Genetically determined cytochrome P450 2D6 (CYP2D6) metabolizer 
phenotype may determine primaquine (PQ) efficacy by influencing its 
biotransformation into active metabolite(s). While there is evidence 
that CYP2D6 genotype influences primaquine efficacy against P. vivax 
hypnozoites, it has not been shown that the same holds true for the 
gametocytocidal activity of PQ on P. falciparum. As part of a dose-finding 
study, Burkinabè children (aged > 2 and < 15 years) with asymptomatic 
malaria infection were randomized to receive artemether-lumefantrine (AL) 
with primaquine (0.25 or 0.4 mg/kg single dose) or placebo at the time of 
the fifth dose of AL. Gametocyte carriage at days 0 and 7 was determined 
by Pfs25 quantitative nucleic acid sequence based amplification (QT-
NASBA) on nucleic acids from 50µL blood samples. DNA was extracted 
from EDTA-anticoagulated whole blood samples and genotyped for 19 
CYP2D6 sequence variants using custom TaqMan genotyping OpenArrays 
on a QuantStudio 12K Flex Real-Time PCR system. CYP2D6 copy number 
was determined using two TaqMan copy number variation assays. In 
preliminary analyses 90/109 samples were successfully genotyped for 
CYP2D6. CYP2D6 metabolizer status was inferred from the genotypes 
with the classical method, yielding predicted phenotypes for all but one 
of the genotyped individuals. The number of poor metabolizers (PM) and 
ultrarapid metabolizers (UM) in this Burkinabè cohort was low (PM=3%, 
UM=4%), but 34% (30/89) of the children were intermediate metabolizers 
(IM). Data for gametocyte prevalence on both days 0 and 7 was available 
for 77/89. Preliminary data for both PQ treatment arms were combined 
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and indicated that 72% (36/50) of extensive metabolizers (EM) and UMs 
had cleared gametocytes by day 7 compared to only 48% (13/27) of IMs 
and PMs (p=0.038). Data collection is currently ongoing; our preliminary 
data suggest an important role for CYP2D6 metabolizer phenotype 
in determining the Plasmodium falciparum transmission-blocking 
properties of primaquine.

589
GENOME WIDE ASSOCIATION AND COPY NUMBER 
VARIATION IN CHILDREN WITH SEVERE MALARIAL ANEMIA

Prakasha Kempaiah1, Zachary S. Karim1, Gavin Pickett2, 
Christophe G. Lambert1, John M. Ong’echa3, Douglas J. Perkins1

1Center for Global Health, University of New Mexico Health Sciences 
Center, Albuquerque, NM, United States, 2Keck-UNM Genomics Resource, 
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Infectious diseases, such as malaria, exert strong natural selection on 
the human genome as evidenced by genetic variability and altered 
susceptibility to diseases in different ethnic groups in Africa. To date, 
studies examining the influence of genetic variability on malaria have 
largely taken a candidate gene approach. The use of genome-wide 
association studies (GWAS) is rapidly becoming the favored approach 
to unravel genetic variations involved in the complex biology of malarial 
immunity. Although GWAS typically utilizes phenotypically well-defined 
homogenous populations with large sample sizes, we utilized an 
approach with a reduced sample size in which polarized extremes were 
enriched from a homogenous population with Plasmodium falciparum 
in Western Kenya (n=1,654). To identify markers associated with 
susceptibility to severe malarial anemia [SMA, hemoglobin (Hb)<5.0 g/
dL)], we investigated genetic variation in children with malaria who had 
exceedingly low Hb levels (n=22, avg. Hb=4.1, case) versus and those 
with high Hb levels (n=26, avg. Hb=10.8, control). Children with HIV-1, 
bacteremia, HbAS, and G6PD deficiency were excluded from selection. 
The GWAS was performed using Illumina®‘Human(Omni2.5) beadchip’ 
with >2.45M markers to profile both SNPs and copy number variants 
(CNVs). Variants were selected using the GenomeStudio® genotyping 
module. A full regression model was created (controlling for covariates 
and Bonferroni correction) using SNP and Variation Suite (SVS). SNP 
analysis identified 1,007 variants across 339 genes with P values between 
4.01x10-7 to 9.99x10-4. CNV analysis identified 315 genes with increased 
copy numbers (>2) and 940 genes with decreased copy numbers (≤1). 
Additionally, functional canonical pathway networks generated using 
GeneGo® identified 7 networks with high significance (P<1.0x10-19) for 
genes associated with the host-immune response, signal transduction, and 
hematopoiesis. This strategy demonstrates that individuals representing 
polarized extremes from a larger population can be utilized to identify 
novel variants associated with malaria susceptibility.

590
ASYMPTOMATIC HUMANS TRANSMIT DENGUE VIRUS TO 
MOSQUITOES
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Dengue is a self-limiting, systemic infection caused by RNA viruses 
transmitted by Aedes mosquitoes. Close to 400-million dengue virus 
(DENV) infections are estimated to occur each year throughout the 
tropics, of which about 75% are clinically inapparent. Symptomatic DENV 
infections cover a wide range of disease manifestations from mild febrile 
illness to severe and fatal disease. People with mildly symptomatic and 

clinically inapparent DENV infections are generally assumed to inefficiently 
infect mosquitoes and, therefore, to not be important contributors to 
DENV transmission. We used cluster sampling around confirmed cases 
to identify 182 people with natural, active DENV infections and quantify 
human-to-mosquito transmission across a wide spectrum of disease 
manifestations, including 14 people with no detectable symptoms and 42 
viremic people prior to the onset of symptoms. Despite their lower average 
level of plasma viremia, the contribution of asymptomatic people to 
mosquito infection was similar to those with symptomatic infections, due 
to their higher relative infectiousness. At a given level of viremia, people 
with asymptomatic and presymptomatic DENV infections are markedly 
more infectious to mosquitoes than when a person’s infection was 
symptomatic. Because DENV infected people with mild or undetectable 
symptoms may be exposed to more mosquitoes than sick people through 
their undisrupted daily routine and they represent the majority of DENV 
infections, our data indicate that mild and inapparent infections contribute 
significantly more to DENV transmission than previously recognized. This 
finding fundamentally changes the current paradigm of DENV transmission 
dynamics, which is based on people with apparent infections.

591
TRENDS IN CASES OF DENGUE IN INFANTS: INSIGHTS INTO 
SEROTYPE DIFFERENCES IN DISEASE IN NAÏVE AND NON-
NAÏVE INDIVIDUALS AND POPULATION TRANSMISSION 
DYNAMICS

Hannah E. Clapham1, Ananda Nisalak2, Siripen Kalayanarooj3, 
Butsaya Thaisomboonsuk2, Chonticha Klungthong2, Stefan 
Fernandez2, Anon Srikiatkhachorn4, Louis R. Macareo2, Justin T. 
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Infants with maternally acquired antibody to dengue provide unique 
insight into dengue pathogenesis in immune modulated infections. This 
age group may also provide important information on population level 
transmission dynamics. Using serotype specific dengue case data from 
Queen Sirikit National Institute of Child Health over 40 years (1973-2012), 
we compared infant (<1 year old) dengue cases to other paediatric dengue 
cases (both primary and secondary). The serotype distribution of cases in 
infants (proportions DENV1-4: 0.37, 0.32, 0.27, 0.04) was more similar 
to the serotype distribution of secondary cases (0.35, 0.31, 0.22, 0.12), 
than the distribution of primary cases (0.57, 0.05, 0.37, 0.01). This is 
consistent with intrinsic differences between serotypes in the ability to 
cause disease in immune-naïve and non-naïve individuals. For cases of all 
serotypes, the mean age in the under 1s was 6.7 months (95% CIs; 6.6, 
6.9). The mean age was 7.3 months (6.9, 7.5) for DENV1 and DENV3, 6.7 
months (6.5, 7) for DENV2 and 5.9 months (5 to 6.5) for DENV4. These 
differences between serotypes could be explained by previously reported 
serotype differences in maternal antibody decline (with DENV1 the slowest 
and DENV4 the fastest), leading to differences at which protection ends 
and enhancement starts. We show that trends over time in the mean age 
of under 1s mirror trends in mean age of cases in the general paediatric 
population, suggesting transmission dynamics at a population level are 
reflected in trends in age of infant cases. We observe that as the mean 
age of cases increases, a smaller proportion of cases occurs in the under 
1s. This is consistent with a decrease in the force of infection leading 
to an increase in the mean age, and more infections after the age of 1 
leading to a reduction in the risk of severe disease upon first infection. 
We conclude that cases in infants give insight into dengue pathogenesis 
and transmission dynamics. An understanding of disease in infants will 
be of increasing importance after the introduction of a dengue vaccine, 
particularly a vaccine that will not be given to this group, or one which 
reduces disease but not infection.
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INTRAHOST SELECTION PRESSURES DRIVE RAPID DENGUE 
VIRUS MICROEVOLUTION IN ACUTE HUMAN INFECTIONS
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Dengue, caused by infection with one of the four serotypes of dengue 
virus (DENV-1 to DENV-4), is the most prevalent mosquito-borne viral 
disease in humans. Yet, the selection pressures driving DENV evolution 
within human hosts (‘intrahost’) remain unknown. We employed a 
whole-genome segmented amplification approach coupled with deep 
sequencing to profile DENV-3 intrahost diversity in 68 peripheral blood 
mononuclear cell (PBMC) and 31 plasma samples from 77 dengue patients 
from a hospital-based pediatric dengue study in Nicaragua. DENV-3 intra-
human diversity in acute dengue appears to be directed by the immune 
repertoire, with reduced variation observed in individuals with pre-existing 
immunity (secondary infection) in contrast to patients with primary DENV 
infection. In addition, we detected distinct DENV variant populations in 
plasma compared to PBMC samples, suggesting that cell-free circulating 
virions were derived from replication sites distinct from PBMCs. We also 
identified one hotspot for variation in the Envelope gene (E-315) and 
two linked hotspots in the pre-Membrane gene (prM-100,101 and prM-
101) that were present in 60-78% of the patients. These variants arose 
via convergent viral microevolution, as determined by the manifestation 
of these hotspots in four distinct haplotype backgrounds spanning the 
prM-100,101 and E-315 hotspots. Furthermore, we constructed infectious 
clones with the E-315 or prM-100,101 mutations and demonstrated that 
the dominant intrahost variants exhibited reduced replicative fitness and 
altered epitope accessibility profiles. Dengue is thus a salient example of 
an acute human infection in which selection pressures within infected 
individuals drive rapid intrahost virus evolution. The immune pressures 
driving DENV microevolution could provide additional insights into dengue 
pathogenesis and disease outcome, as well as the efficacy of vaccines and 
therapeutics.
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FORMULATION AND EVALUATION OF A REAL-TIME 
CLIMATE-BASED DENGUE FEVER FORECAST MODEL FOR 
THAILAND IN 2015
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A. Cummings2, Paphanij Suangtho3, Hannah Clapham2, Suthanun 
Suthachana3, Soawapak Hinjoy3, Sopon Iamsirithaworn3, Justin 
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Dengue is a mosquito-borne infectious disease that places an immense 
public health and economic burden upon Thailand. Annual outbreaks 
of varying sizes provide a particular challenge to the public health 
system because treatment of severe cases requires significant resources. 
Advanced warning of increases in incidence could help public health 
authorities allocate resources more effectively and mitigate the impact of 
epidemics. In collaboration with the Thai Ministry of Public Health (MoPH) 
and Bureau of Epidemiology, we have developed a statistical model for 
infectious disease surveillance that uses data from across Thailand to 
give early warning of developing dengue epidemics in real time. For each 
province, the forecast is based on (1) seasonal dynamics of dengue in 
the focal province, (2) observed case counts at recent time-points from 
the focal province and neighbors demonstrated to be relevant through 
model selection using historical data, and (3) short-term weather patterns 

provided by NOAA weather grids and stations. Beginning in April 2014, 
we created updated forecasts every two weeks based on the most current 
data from the Thai MoPH database. We will present the results of this 
real-time forecasting exercise, including evaluating the performance of 
different forecasting models in predicting different features of the 2014 
and 2015 dengue season in each Thai province. Additionally, we will 
introduce a suite of evaluation metrics designed to measure the accuracy 
of different aspects of the prediction model, including the model’s ability 
to detect the timing of and magnitude of outbreaks.
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ESTABLISHING THE WMEL STRAIN OF WOLBACHIA IN 
AEDES AEGYPTI POPULATIONS PREDICTED TO REDUCE THE 
DISEASE BURDEN FROM DENGUE BY AT LEAST TWO-THIRDS
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Dorigatti1, Duong Thi Kien2, Vu Tuan Trung2, Peter A. Ryan3, Scott 
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In recent work we have shown that stably infecting Aedes aegpyti 
mosquitoes with the wMel strain of Wolbachia substantially reduces their 
competence as vectors for dengue viruses, such that establishment of 
wMel across the A. aegypti population of an area is predicted to reduce 
the reproduction number, R0, of dengue by at least 2/3 within the treated 
zone. Here we examine the potential impact of widescale use of wMel as 
a vector control measure on the burden of disease arising from dengue 
infection. We developed a mathematical model of the transmission 
dynamics of the four dengue viruses and calibrated the model to dengue 
surveillance data from South East Asia and to the phase III trial results of 
the Sanofi dengue vaccine candidate. The model was designed to model 
a wide range of potential interventions measures, including release of 
Wolbachia-infected mosquitoes, other vector control measures and the 
introduction of vaccination. We explored the potential impacts of large-
scale release and establishment of wMel-infected A. aegypti on dengue 
transmission dynamics and disease burden. In all transmission settings, 
the sudden reduction in the reproduction number of dengue induced 
by wMel release is predicted to interrupt dengue transmission for a 
minimum of 5 to 10 years. After that time, in high transmission intensity 
settings (R0>3), dengue transmission is predicted to resume as a result 
of the gradual build-up of susceptible individuals (through births) in the 
population. However, transmission rates are predicted to be substantially 
lower than prior to the introduction of wMel, leading to a long term 
reduction in disease burden from dengue of at least two-thirds. In low to 
moderate transmission settings (dengue R0<3), wMel introduction reduces 
the reproduction number of dengue below 1, leading to elimination of 
endemic transmission. A higher intensity of density dependent regulation 
of larval mosquito populations than typically seen is predicted to reduce 
the impact of wMel on dengue transmission, but impact predictions are 
robust to uncertainty regarding the efficiency of vertical transmission of 
the wMel strain.
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THE GLOBAL BURDEN OF SEVERE DENGUE

Oliver J. Brady1, Leon Ochiai2, Maina L’Azou2, Simon I. Hay1
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France

Dengue is a tropical disease of global public health importance with 
symptomatic manifestations that range from mild fever to severe 
haemorrhage and death. In 2013, the first evidence-based attempt 
to estimate the global burden of dengue suggested 390 million 
(95% credible interval 284-528) infections occur each year. Only a 
small proportion of these infections, however, will manifest as severe 
dengue cases that are at the highest risk of mortality and place a 
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disproportionately high burden on the healthcare system. Since the 
publication of these first estimates, the number of cohort studies that 
measure dengue incidence have been nearly doubled through on-going 
research efforts and the addition of the control arm results of the multi-
centre Sanofi Pasteur Asian and Latin American vaccine efficacy trials. 
By monitoring over 10,000 individuals in 34 sites using a common 
experimental design these cohort studies provide the first reliable estimates 
of the proportion of severe dengue cases among symptomatic dengue 
virus infections. Here we provide updated estimates of the global burden 
of dengue infections and, for the first time, include estimates of severe 
dengue burden. These estimates reflect significant updates to the database 
describing dengue’s global distribution and incidence with new covariates 
in an improved and expanded modelling framework. Global and national 
estimates of severe dengue burden are essential for measuring progress 
towards the WHO’s global strategy goal of reducing dengue morbidity by 
25% between 2010 and 2020. Furthermore, these estimates will form an 
important part of the evidence base for national and international funders 
to support important resource allocation decisions for dengue control.
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ESTIMATING WITHIN-HOST DYNAMICS OF DENGUE VIRUS 
SEROTYPES USING TWELVE YEARS OF INDIVIDUAL-LEVEL 
LONGITUDINAL SEROLOGICAL DATA
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Dengue, which is caused by any of four related but antigenically distinct 
virus serotypes, has increased its incidence and geographic range 
considerably in the past 50 years. Infection with a DENV serotype induces 
lifelong immunity to that serotype and a short-term, temporary cross-
immunity (TCI) to the other serotypes. Despite a century of research, the 
strength and duration of TCI remains uncertain because it is difficult to 
estimate using disease surveillance data. With data from large, longitudinal 
serological studies, on the other hand, we can evaluate the relative change 
in infection risk immediately following a DENV infection. We used a 12-
year dataset from Iquitos, Peru to estimate the strength and duration 
of TCI in an endemic population. The dataset contained information 
from 14,335 individuals whose blood was assayed by PRNT every 6-9 
months (38,416 total samples). There were 3,854 interval-censored, 
serotype-specific infections. We applied a novel modeling approach to 
simultaneously estimate interactions between serotypes as well as the 
time-varying intensity of transmission for each serotype (force of infection). 
We identified significant variation in the duration of TCI and the strength 
of heterologous protection_ depending on data cleaning assumptions and 
the functional form of TCI. The presence of individuals that were infected 
several times over the course of the study (422 with 2 infections, 39 with 
3 and 5 who were infected with all 4 serotypes during their time in the 
cohort) provides strong evidence indicating that TCI is either short-lived or 
imperfect. The average time between seroconversions for these individuals 
was 449 days, but 250 occurred in between three sequential assays. 
We are conducting sensitivity analyses to evaluate model assumptions. 
Additional analyses are assessing the possibility of within-host interactions 
that could boost or dampen infectiousness during second, third or 
fourth infections. Assumptions about TCI in dengue virus transmission 
play a critical role in disease models. Our findings inform the design of 
appropriate models, which will be used to guide disease intervention 
strategies.
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IMPACT OF INTERMITTENT MASS SCREENING AND 
TREATMENT (IMSAT) FOR MALARIA ON INCIDENCE OF 
INFECTION IN AN AREA OF HIGH MALARIA TRANSMISSION 
IN WESTERN KENYA
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Malaria burden remains high in western Kenya (population parasite 
prevalence=39%) despite widespread ITN coverage. Interventions 
targeting asymptomatic infections, at least one-third of all infections 
in this area, could help reduce transmission. We implemented the first 
multi-year community-based, cluster-randomized controlled trial of 
intermittent mass screening and treatment (iMSaT) for malaria in an area 
of high transmission. Participants aged 1–75 years were recruited from 
10 intervention and 10 adjacent control areas within 3 km of 10 study 
clinics. Participants in the intervention area (n>27,000) received three 
rounds of iMSaT annually; they were tested with combination HRP2/
pLDH rapid diagnostic tests (RDTs,and those testing positive were treated 
with dihydroartemisinin-piperaquine. Malaria infection incidence by RDT 
was estimated through passive case detection at study clinics beginning 
6 months prior to iMSaT through 12 months after implementation. Data 
were analyzed as an interrupted time series. A total of 514 participants 
were enrolled in the incidence cohort in year 1. Coverage (proportion 
of intervention population screened at each round) was 73% in 
September 2013, 80% in January 2014, and 75% in April 2014. Malaria 
infection incidence at baseline in the intervention and control areas was 
comparable, 28.1/1000 and 24.2/1000 person-months, respectively 
(p=0.35). Compared with baseline, there was a 14% (incidence rate 
ratio [IRR]=0.39 vs 0.46, p=0.046), 16% (IRR=1.17 vs 1.39, p=0.02), 
and 10% (IRR=1.04 vs 1.15, p=0.22) relative reduction in incidence of 
malaria infection after the first, second, and third round, respectively. In 
the first year of follow-up, the crude median time to first infection was 
232 days (7.6 months) in the intervention arm and 200 days (6.5 months) 
in the control arm; hazard ratio of 0.86 (95% CI 0.69-1.07, p=0.16). 
These preliminary data suggest iMSaT is not associated with a decline 
in incidence of malaria infection and time until first infection among 
recipients of iMSaT compared with participants in control villages. Age-
specific and second year data will be available in August, 2015.
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WINDOW SCREENING, BED NETS AND HUMAN BEHAVIOR 
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THERAPY AND RAPID DIAGNOSTIC TESTS
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In the city of Dar es Salaam in Tanzania, programmatic distribution of 
insecticide-treated nets and application of mosquito larvicides, as well as 
provision of artemisinin-based combination therapy and rapid diagnostic 
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tests, have been complemented by commercial sale of window screening. 
After a decade of progressively improving coverage with all these 
interventions, vector populations which remained pyrethroid-susceptible 
became sparse and lower malaria infection risk became evenly distributed 
across all ages but stable transmission persisted. High estimated proportion 
of potential vector exposure occurring indoors (πh,i) was protective 
against malaria among the majority of residents (85.8%) living in houses 
with window screens (OR [95%CI]= 0.73[0.60,0.90], P=0.0040 and 
0.64[0.49,0.83],P=0.00094 for highest and middle versus lowest terciles, 
respectively) but not in unscreened houses (P ≥ 0.51). Residents of houses 
with window screening who spent most night hours indoors (middle and 
high terciles of πh,i) were protected against malaria infection (OR [95% 
CI]=0.71 [0.59,0.85],P=0.00013) but not those spending even a few 
hours outdoors in the evening and early morning (P=0.433). Malaria risk 
among residents with unscreened houses (14.2%) increased with vector 
density (P=0.0093) and was reduced by larvicide application (OR[95% CI] 
= 0.42 [0.23,0.74], P=0.0033), but was unaffected by either factor among 
residents with screened houses (P=0.23 and 0.19, respectively). Only small 
fractions of persisting malaria infections could be attributed to houses 
lacking window screens (4.1%), spending time outside screened houses 
(5.8%), or gaps in larviciding coverage, (15.8%), respectively. Despite high 
coverage of effective nets, screening and larviciding in this urban context 
with very sparse populations of pyrethroid-susceptible vectors, malaria 
transmission persists and further improving coverage and adherence 
for these interventions are therefore only likely to prevent a minority of 
remaining cases. New or improved transmission control measures are 
required to enable elimination of malaria from Dar es Salaam.
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FACTORS ASSOCIATED WITH INSECTICIDE TREATED NET 
USE AND PROTECTION FROM MALARIA INFECTION AMONG 
SCHOOL-AGED CHILDREN IN MALAWI: A MULTIPLE CROSS-
SECTIONAL STUDY
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Recent data from Malawi suggests that school-aged children (SAC), aged 
5 to 15 years, have the highest prevalence of Plasmodium falciparum 
parasitemia among all age groups. They are the least likely group to utilize 
bed nets, the most commonly used intervention to prevent malaria in 
Africa. This study examined the effects of a universal mass net distribution 
campaign in Malawi on net usage among SAC and the duration of the 
impact. We identified factors that influence net usage among SAC and 
the protective effect of bed nets in this age group. Six cross-sectional 
surveys using cluster random sampling were conducted in the rainy and 
dry seasons in southern Malawi from 2012 to 2014. Mass net distribution 
occurred between the first and second surveys. Data were collected on 
household ITN usage as well as demographic variables. Blood samples for 
detection of P. falciparum infection were obtained from all household 
members who were present. Statistical analyses used generalized 
linear mixed models to account for clustering at the household and 
neighborhood level. There were 7,296 observations from SAC. SAC used 
ITNs significantly less frequently than the rest of the population (odds 
ratio=0.26 [0.24, 0.28]). The OR did not change significantly following 
mass net distribution. The campaign did lead to a statistically significant 
population-wide increase in net use, however net use returned to near 
baseline within 3 years. Lower ratio of people to nets in a household and 
higher proportion of nets that were hanging at the time of survey were 
the most important predictors of ITN usage. Older SAC (11-15 yrs) were 
significantly less likely to use nets than younger SAC (5-10 yrs) (OR=0.24 
[0.21, 0.28]). Net use was highly protective against P. falciparum infection 
during the dry seasons (OR=0.42 [0.31, 0.59]), but had no significant 

effect during the rainy seasons. This study suggests that one time net 
distribution campaigns are not sufficient to increase net usage among 
SAC. New and targeted interventions are needed to address the high 
prevalence of infection in SAC.
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IN ZANZIBAR: A PRE-ELIMINATION SETTING
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Imported cases by travelers to and from Zanzibar tend to make up the 
majority of reported cases. Travel therefore, poses a great challenge in 
malaria epidemiology and must be addressed if the country is to achieve 
malaria elimination. This study aimed to identify the risk factors associated 
with malaria epidemiology in Zanzibar. Malaria surveillance data were 
collected between August, 2012 and September, 2014. For each case, a 
message was sent from health facility to a Central server which generated 
an SMS alert to the District Malaria Surveillance Officer’s (DMSO) 
mobile phone and tablet. Data included patients’ names and villages, 
which enabled the DMSO to follow up patients to their households. All 
household members of the index cases were tested for malaria using rapid 
diagnostic tests (mRDT). Household members testing malaria positive 
were treated with artemisinin-based combination therapy (ACT). Data 
was subjected to univariate and multivariate analysis, logistic regression 
model was used to identify the risk factors. Among 18,640 patients 
followed, 6.2% (1,158) were malaria positive, of which 17.9% (207) were 
aged below 5 years. Among positive cases significantly increased odds of 
malaria positivity were found in people aged 5-14 years (odds ratio [OR] 
1.6; 95% CI: 1.4-1.9) and who didn’t sleep under treated net previous 
night (OR 1.4; 95% CI: 1.2-1.7). In addition, those with history of fever in 
the last 2 weeks (OR: 23.2; 95% CI: 19.7-27.4), who had travelled outside 
Zanzibar in the past one month (OR: 9.8; 95% CI: 8.3-11.6) and patients 
without nets (OR: 1.3; 95% CI: 1.1-1.6) were found to have significantly 
increased odds of malaria positivity. Failure to use nets and travel are 
major drivers of malaria cases in both high and low transmission periods. 
Identification of gaps in gaps in net use, knowledge and relevant types 
of human movement, and development of strategies addressing travel is 
highly recommended.
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SEROLOGICAL EVIDENCE OF A SUSTAINED REDUCTION IN 
MALARIA TRANSMISSION 2004-2012 IN BIOKO ISLAND, 
EQUATORIAL GUINEA
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Following comprehensive malaria control interventions since 2004, malaria 
prevalence in Bioko island, Equatorial Guinea, has reduced substantially. 
However, the effects of the interventions have been heterogeneous across 
the island, resulting in residents of some regions remaining at relatively 
high risk of infection. To determine which regions were experiencing the 
highest burden of infection and to investigate changes in transmission over 
time, parasitological and serological measures were compared from two 
island-wide surveys undertaken in 2008 and 2012. Parasite prevalence, 
as measured by rapid diagnostic test, decreased from 18.0% to 11.1% 
between 2008 and 2012 (p<0.001), with wide variations by sentinel site. 
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The change in parasite prevalence between 2008 and 2012 correlated 
strongly with the change in seroprevalence in children aged 5 and under 
(r2 0.6, p<0.001). The 2012 data indicated that the seroconversion rate, 
which is a proxy for the force of infection, has reduced by approximately 
80% since interventions began. Spatial analysis suggested transmission 
had become less heterogenous between 2008 and 2012 but indicated 
new foci of transmission had appeared in the South East region. Whilst 
it appears that interventions were still relatively effective in Bioko, the 
highlighted hotspots in the South East region, coupled with a lack of 
further reduction in parasitological and serological measures between 
2008 and 2012 in this area, were a cause for concern and indicated 
that interventions needed to be adapted. This resulted in a concentrated 
response by the program which has led to a reduction in parasite 
prevalence in the South East in the subsequent malaria indicator surveys.
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CHEMOPREVENTION AS PART OF ROUTINE MALARIA 
CONTROL IN KITA, MALI
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Seasonal malaria chemoprevention (SMC), the administration of complete 
therapeutic courses of antimalarials to all children during the malaria 
transmission season, is a new strategy recommended by WHO in areas of 
highly seasonal transmission. Although randomized controlled trials (RCTs) 
have shown SMC to be highly effective, evidence and experience from 
routine implementation of SMC are limited. This study aimed to evaluate 
reductions in malaria and anemia when SMC is delivered through routine 
programs and existing community health workers. A non-randomized 
pre-post design was used, with one intervention district (Kita), where 4 
rounds of SMC with SP+AQ took place in August-November 2014, and 
one comparison district (Bafoulabé). Children aged 3-59 months from 15 
selected localities per district, sampled with probability proportional to size, 
were surveyed and blood samples collected for malaria blood smears and 
hemoglobin (Hb) measurement in two cross-sectional surveys, one prior 
to SMC (July 2014) and one after SMC (December 2014). Difference-in-
differences regression models were used to assess and compare changes 
in malaria and anemia in the intervention and comparison districts. 
During round 1, 84% of targeted children received at least the first SMC 
dose, but coverage declined to 67% by round 4. Across the 4 treatment 
rounds, 54% of children received 4 complete SMC courses. Prevalence 
of parasitemia and malaria disease (fever+parasitemia) was similar in 
intervention (23.4%) and control (29.5%) districts prior to SMC (p=0.34). 
After SMC, parasitemia prevalence fell to 18% in the intervention district 
and increased to 46% in the control district (Difference-in-differences (DD) 
OR=0.35; 95% CI: 0.20-0.60). SMC also significantly reduced the odds of 
malaria disease (DD OR=0.20; 95% CI: 0.04-0.94) and moderate anemia 
(Hb<8 g/dL) (DD OR=0.26, 95% CI: 0.11-0.65). Routine implementation 
of SMC in Mali substantially reduced malaria and anemia, with reductions 
of similar magnitude to those seen in previous RCTs. Improving coverage 
could further strengthen SMC impact.
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THAILAND FROM 2001-2011
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Over the past decade a series of anti-malaria interventions and control 
efforts have led to a significant decline in malaria morbidity and mortality 
globally. A major contributor to this reduction was the introduction of 
artemisinin derivatives as first line treatment for malaria. Despite this 
success, resistance to artemisinin derivatives is now well established in 
western Cambodia, western Thailand, southern Myanmar and southern 
Vietnam. Resistance to artemisinin, taken as an increase in blood-
stage parasite clearance time, has recently been linked to mutations 
in the kelch13 giving us a potential molecular marker for resistance. 
However, little is known about how much naturally acquired immunity 
to blood-stage malaria parasites contributes to the observed clearance 
times, especially in a scenario of declining transmission and potentially 
declining immunity. The aim of this study was to quantify the impact of 
changing immunity in a population from Thailand where transmission 
is declining, and further assess its impact on parasite clearance and to 
assess the emergence of resistance to artemisinin derivatives. We obtained 
dried blood spots and plasma samples from 1,585 hyperparasitaemic 
patients admitted to clinics of the Shoklo Malaria Research Unit along the 
northwestern border of Thailand between 2001-2011. Levels of antibodies 
to the Plasmodium falciparum merozoite antigens AMA1, MSP142, 
MSP2 and EBA140RII were measured by ELISA. Polymorphisms in the 
kelch13 gene were obtained after PCR amplification of the full sequence 
of the gene. We show that immunity declines between 2001-2004 and 
is followed shortly by the appearance of mutations in the kelch13 gene 
which increase in prevalence from 0% to 67.4%. Levels of immunity 
were lower in patients with slower parasite clearance times, compared 
to those with faster parasite clearance times. Immunity is therefore an 
important confounder in the evaluation of resistance to artemisinin when 
using parasite clearance, particularly in the context of changing malaria 
transmission.
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DEVELOPMENT OF AN TRICHURIASIS VACCINE; STARTING 
FROM THE BEGINNING

Leroy Versteeg
Baylor College of Medicine, Houston, TX, United States

Estimations say that 604 to 795 million people are infected worldwide 
with Trichuris trichuria, which causes Trichuriasis. T. trichuria infects the 
large intestine and disease transmission occurs by ingestion of the eggs, 
which are found in feces of infected patients. Symptoms vary from minor 
to severe with painful passage of the stool, while children may suffer 
from growth retardation and impaired cognitive development. Although 
anti-helminthic drugs are available, to many poor people these remain 
inaccessible. An affordable preventive treatment is needed to prevent 
infections and reduced transmission of the disease. By using the mouse 
T. muris laboratory model, ES antigens from live T. muris adult worms 
were extracted and AKR mice were vaccinated with the ES antigens and 
ISA720 adjuvant subcutaneously. Mice cohorts were as follows: cohort 
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A was only vaccinated once, cohort B was vaccinated twice, cohort C 
was vaccinated once and challenged with 300 T. muris eggs, and cohort 
D was vaccinated twice and challenged with 300 T. muris eggs. After 
sacrificing the animals, immunogenicity studies included antibody analysis 
of ES specific IgG, IgG1 and IgG2a by ELISA, and cytokine responses 
of splenocytes which were re-stimulated with ES antigens are currently 
analysed. It was observed that both one and two vaccinations boosted 
the ES specific total IgG and IgG1 titers, while the ES specific IgG2a titer 
remained low. Results also suggested that when challenged with T. muris 
eggs, two vaccinations were required to maintain high levels of ES specific 
IgG and IgG1 and a low-titer of IgG2a. Results from the worm counts in 
the GI tract showed a reduction of worms in animals vaccinated twice 
compared to non-vaccinated animals (mean 4.8 vs 50.2 respectively). 
Data from these studies suggest a TH2-mediated immune response was 
induced by the vaccine, and correlated with a decreased worm burden. 
These results suggest that vaccination can be successful means of eliciting 
a protective immune response against Trichuris. Recombinant protein 
candidate antigens are being identified for vaccine development and their 
immunogenicity and efficacy evaluated.
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GROUP 2 INNATE LYMPHOID CELLS ARE EARLY RESPONDERS 
THAT SUPPORT TH2 EFFECTORS AFTER HELMINTH 
INFECTION
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Erh Liang, Richard M. Locksley
University of California San Francisco, San Francisco, CA, United States

Helminth infections are associated with a modified type 2 immune 
response, characterized by T helper type 2 (Th2) cell-derived IL-4, IL-5, IL-
13, and IL-9. In inflamed tissues, these cytokines recruit and activate innate 
effector cells, which in turn alter the local environment to repel intruders 
and repair damage. Modulating immunity to treat and prevent disease 
requires a more complete understanding of the basic pathways involved. 
We and others have identified Group 2 Innate Lymphoid Cells (ILC2) as 
an important novel source of type 2 cytokines in mice and humans. In 
models of acute and chronic intestinal nematode infection, ILC2 increase 
in number and in cytokine production, corresponding with eosinophilia 
and Th2 cell induction. Analysis of cytokine expression in an IL-5/IL-13-dual 
reporter strain showed different expression patterns in different effector 
cell types. Deletion of ILC2 and live imaging of inflamed tissue revealed a 
unique role for these cells in recruitment of other effector cells that persist 
in chronic infection. We surmise that ILC2 are “first responders,” uniquely 
poised from early development to detect tissue stress and shape ensuing 
T cell responses. Our data support a highly cooperative innate-adaptive 
relationship at the initiation of type 2 immunity. Further characterization of 
these interactions is ongoing, with the goal of identifying novel targets in 
treating human disease.
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Necator americanus glutathione S-transferase-1 (Na-GST-1) is a 24-kDa 
protein produced by adult hookworms that is thought to play a role in 
detoxifying heme and other breakdown products of the hookworm blood 
digestion pathway. Vaccination of laboratory dogs and hamsters with 

recombinant GST-1 resulted in reduced hookworm fecal egg counts and 
reduced adult worm burden following challenge with infective larvae. 
Recombinant Na-GST-1 was expressed in Pichia pastoris and formulated 
on Alhydrogel. Two Phase 1 trials were conducted: one in the USA (n=40) 
and a second in Brazil (n=102). In both studies, healthy adults were 
vaccinated with 1 of 3 different dose concentrations of Na-GST-1 (10, 
30 or 100 μg) either with or without the point-of-injection addition of 
an aqueous formulation of glucopyranosyl lipid A [GLA-AF], a synthetic 
Toll-like receptor-4 agonist. Subjects received 3 intramuscular injections at 
2-month intervals. In Brazil, the trial was conducted in both hookworm-
unexposed volunteers in an urban center and in hookworm-exposed 
adults (including recently treated) at a rural trial site. In both the US and 
Brazil studies, the vaccine was well tolerated: common adverse events 
included mild to moderate injection site pain and tenderness, headache, 
and nausea. No differences were observed in adverse events between 
dose groups or GLA formulations. Anti-Na-GST-1 IgG antibody levels as 
measured by qualified indirect ELISA were modest after the 2nd vaccination, 
but increased significantly from baseline after the 3rd vaccination in those 
who received 30 or 100 μg Na-GST-1. For each dose concentration of 
Na-GST-1, the increase in IgG levels was not significantly different in those 
who received formulations containing GLA-AF. In the Brazilian subjects, 
the antigen-specific IgG response consisted mainly of the IgG1 subclass 
whereas in the US subjects, both antigen-specific IgG1 and IgG3 were 
detected. These first-in-human trials of the Na-GST-1 hookworm vaccine 
demonstrate that it is well tolerated and immunogenic in both unexposed 
and exposed adults and justifies further clinical testing of this vaccine.
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The development of anthelmintic resistance threatens the primary mode 
of helminth parasite control. Whilst the utility of RNA interference 
(RNAi) for the validation of drug targets in nematode parasites is widely 
accepted, issues with their variable sensitivity to RNAi have undermined 
the development of robust gene silencing platforms. Ascaris suum 
is an important veterinary-parasite, a zoonotic pathogen and a close 
relative of the prevalent human parasite, Ascaris lumbricoides. The 
large size of adult A. suum has facilitated its development as a tractable 
model for nematode parasite biochemistry, neurobiology and physiology 
research. The recent completion of the A. suum genome has prompted 
the development of functional genomics tools in this species. Whilst 
RNAi has been reported in the L3 larval stages of A. suum, it has not 
been demonstrated in adults, limiting the utility of this gene silencing 
technique. Here we report efforts to develop an RNAi platform for adult 
A. suum through the direct delivery of double stranded (ds)RNAs into 
the pseudocoelomic cavity of adult female worms. RNAi success was 
determined through qPCR transcript analysis, and by monitoring encoded 
protein expression and worm phenotype. The data presented highlight: 
(i) the dynamics associated with the rate of induction of RNAi in A. 
suum; (ii) the ability to induce RNAi in tissues distant from the site of 
dsRNA injection; and (ii) the consistency of RNAi across a range of gene 
targets expressed in a variety of therapeutically relevant tissues. Despite 
achieving specific, robust and reproducible transcript knockdown for all 
target genes, no post-RNAi phenotypes were recorded over the course 
of these investigations. This was in spite of efforts to: (i) target putatively 
essential genes; (ii) improve the RNAi trigger delivery methodology; and 
(iii) employ a highly quantitative electrophysiology-based phenotypic assay. 
The data described here highlight an opportunity for the development of 
a functional genomics platform that supports organism-, tissue- and cell-
based biology in a model nematode parasite.
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608
METHYLPREDNISOLONE ACETATE INDUCES STRONGYLOIDES 
STERCORALIS HYPERINFECTION IN NSG MICE

John B. Patton1, Sandra Bonne-Annee2, Jessica Hess1, April 
Torigian1, Erica Hart1, Thomas J. Nolan3, James B. Lok3, David 
Abraham1

1Thomas Jefferson University, Philadelphia, PA, United States, 2National 
Institutes of Health, Bethesda, MD, United States, 3University of 
Pennsylvania School of Veterinary Medicine, Philadelphia, PA, United 
States

Strongyloides stercoralis infected patients, immunosuppressed with 
corticosteroids, develop hyperinfection, which if left untreated, has a 
mortality rate approaching 90%. While immunocompetent mice are 
resistant to infection with S. stercoralis, we have demonstrated that 
highly immunodeficient NSG mice support the development of all life 
stages of this parasite. Interestingly, hyperinfection is not observed in 
NSG mice, even though they lack macrophages, B, T- and NK cells. In 
this study we tested the hypothesis that treating NSG mice infected 
with S. stercoralis with methylprednisolone acetate (MPA), a synthetic 
glucocorticoid, would lead to hyperinfection. NSG mice were infected 
with 5,000 infective third-stage larvae and treated with MPA for 6 weeks. 
Approximately 50% of infected mice treated with MPA died prior to the 
conclusion of the experiment. MPA treatment caused a significant increase 
in the number of parasitic female S. stercoralis recovered from 61±33 
in untreated mice to 708±684 in treated mice. In addition, auto-infective 
third-stage larvae, which initiate hyperinfection, were not observed in NSG 
mice but were found in high numbers in MPA treated mice. Despite their 
severe immune deficiencies NSG mice retain neutrophils and eosinophils. 
Consequently, we hypothesized that MPA treatment exerted its effect 
by decreasing granulocyte function, which eliminated immune control 
of hyperinfection. To test this, NSG mice were treated with monoclonal 
antibody RB6-8C5 to eliminate granulocytes, however, although the 
granulocytes were abolished, hyperinfection did not develop in these 
mice. In conclusion, using a S. stercoralis hyperinfection model in NSG 
mice treated with MPA that we developed, we show that hyperinfection 
is not due to the action of glucocorticoid on B, T, NK cells or granulocytes, 
leaving open the possibility that these compounds may be acting directly 
on the parasite.

609
A NOVEL PHARYNGEAL NICOTINIC ACETYLCHOLINE 
RECEPTOR FORMED BY EAT-2 AND EAT-18 AS A POTENTIAL 
DRUG TARGET

Alan Robertson, Shivani Choudhary, Samuel Buxton, Richard 
Martin
Iowa State University, Ames, IA, United States

There is a compelling need for research to develop new anthelmintic 
targets and drugs. Nicotinic agonists are effective and widely used 
agents. The nicotinic agonists target nicotinic acetylcholine receptors 
(nAChRs) found at the nematode neuromuscular junction, causing 
depolarisation and hyper contraction of the parasite. Previous studies 
have demonstrated the nAChRs on the nematode pharynx are insensitive 
to current cholinomimetic drugs. This study was aimed at identifying 
the potential of EAT-2, a pharyngeal nAChR subunit and EAT-18, a 
small transmembrane protein, as chemotherapeutic targets. EAT-2 and 
EAT-18 have been reported to be involved in pharyngeal pumping in C. 
elegans, hence affecting feeding behaviour. Using molecular techniques, 
we expressed EAT-2 and EAT-18 from C. elegans in Xenopus laevis 
oocytes. To study the pharmacology of the receptor we used the two 
electrode voltage-camp technique. Expression of either EAT-2 or EAT-18 
alone did not produce a functional nicotinic ion channel. When expressed 
in combination, EAT-2 and EAT-18 produced a functional receptor that 
responded robustly to acetylcholine in a concentration-dependent manner. 
The rank order potency of agonists on this receptor was acetylcholine ≈ 

nicotine > methacholine > carbachol ≈ butyryl choline > epibatidine > 
oxantel. However, there was no response to levamisole, cytisine, pyrantel, 
and tribendimidine. Various nicotine analogues including alpha-cotinine, 
nornicotine, anabasine, altinicline failed to produce any agonistic activity. 
Also, alpha-bungarotoxin did not show any significant antagonistic 
effect on the expressed nAChR. It is worthy of note that EAT-2 is not an 
nAChR alpha subunit. In conclusion, we report the ability of a non-alpha 
subunit to express as a functional homomer in oocytes for the first time. 
The pharmacology of this previously uncharacterised receptor appears to 
be different from other nAChR’s characterized in nematodes. Thus, this 
subunit offers a possibility for being used as a potential target site for 
developing new anthelmintic compounds.

610
SPECIES-SPECIFIC ASSOCIATIONS BETWEEN HELMINTHS 
AND MICRONUTRIENTS IN VIETNAMESE SCHOOLCHILDREN

Brechje de Gier1, Tran Thuy Nga2, Pattanee Winichagoon3, 
Marjoleine A. Dijkhuizen4, Nguyen Cong Khan5, Maiza Campos 
Ponce1, Katja Polman6, Frank T. Wieringa7

1VU University Amsterdam, Amsterdam, Netherlands, 2National Institute 
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of Tropical Medicine, Antwerp, Belgium, 7Institute de recherche pour le 
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Several different associations between helminth infections and 
micronutrient status in children have been reported. We aimed to 
study associations between specific STH species and micronutrients 
in schoolchildren. Vietnamese children (n=510) aged 6-9 years were 
recruited from two primary schools. STH infections were determined 
in stool samples. In blood samples, hemoglobin, ferritin, retinol and 
zinc were measured, as well as CRP to control for inflammation. Iodine 
excretion was measured in urine. Associations of single and multiple 
Ascaris lumbricoides, Trichuris trichiura, or hookworm infections and 
micronutrients were estimated by regression techniques. Ascaris infections 
showed a specific and dose-dependent relationship with vitamin A. 
Trichuris and hookworm infections were associated with lower hemoglobin 
concentration, but not with plasma ferritin. Trichuris-infected children had 
zinc deficiency less often than uninfected children. The different life cycles 
of STH species might have specific effects on the absorption or loss of 
specific micronutrients.

611
VARIATION IN RELAPSE FREQUENCY, SEASONALITY, AND 
THE TRANSMISSION POTENTIAL OF PLASMODIUM VIVAX 
MALARIA

Michael White
Imperial College London, London, United Kingdom

There is substantial geographical variation in the relapse frequency of 
Plasmodium vivax malaria with fast relapsing phenotypes observed in 
tropical areas with year round transmission and relapses with long-latency 
observed in temperate areas with seasonal transmission. We hypothesise 
that much of the global phenotypic diversity in P. vivax relapses has 
been generated by the evolution of time to next relapse to optimise 
transmission potential in a given environmental niche. We develop a 
mathematical model of P. vivax relapses incorporating competition 
between strains with different relapse frequency, and the evolution of 
strains to optimise their transmission potential. The model was validated 
using data on the seasonal suitability for malaria transmission (determined 
by temperature, rainfall and mosquito abundance) and datasets on time 
to first relapse collected from a large number of geographical locations. 
In high transmission tropical zones, transmission potential is optimised by 
strains with time to first relapse of 1 to 3 months - slower relapsing strains 
will be out-competed. In low transmission tropical areas, transmission 
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potential is optimised by strains with time to first relapse of 4 to 5 months 
- long enough for the primary infection to clear. In highly seasonal settings 
characteristic of temperate zones, transmission potential is optimised 
by strains with time to first relapse of 8 to 10 months - long enough for 
hypnozoites to survive winter in the human liver. These findings will have 
consequences if P. vivax transmission is lowered through sustained control 
where we may see the emergence of slower relapsing strains to optimise 
transmission potential in the new lower transmission setting. In settings 
where P. vivax elimination is being pursued, the potential increase in the 
time to next relapse may introduce additional challenges for the detection 
and treatment of the last few cases of malaria.

612
PREDICTING MALARIA REINTRODUCTION RISK IN AN 
AGENT-BASED MODELLING FRAMEWORK TO UNDERSTAND 
THE IMPACT OF GLOBAL, PATCH-LEVEL, AND INDIVIDUAL 
VARIANCE

Nick Warren Ruktanonchai1, Trevor T. Caughlin2, Amit Verma3, 
Tom Bird1, Chris Lourenco1, Corrine W. Ruktanonchai1, David L. 
Smith4, Andrew J. Tatem1

1University of Southampton, Southampton, United Kingdom, 2University 
of Florida, Gainesville, FL, United States, 3Emory University, Atlanta, GA, 
United States, 4University of Oxford, Oxford, United Kingdom

Recent research highlights spatial targeting of malaria elimination 
resources as a potential way to ensure limited resources are used most 
efficiently. Targeting intervention efforts to reduce costs and achieve 
regional elimination requires an accurate picture of heterogeneity in 
transmission intensity and parasite spread across the landscape. Spatially 
resolved estimates of transmission intensity are often uncertain, however, 
as source data can be highly clustered or noisy. Quantifying human-
facilitated parasite spread is also difficult, as people move for a variety 
of reasons, vary in movement patterns, and data on movement can 
be difficult to obtain. Understanding how these uncertainties affect 
predictions of parasite spread is critical for assessing what data must be 
obtained for effective spatial targeting, and which factors are the most 
important predictors. In this study, we use an agent-based modelling 
approach to quantify the effects of these uncertainties on predictions of 
malaria spread. We simulate malaria transmission within Namibia using a 
map of transmission intensity with corresponding estimates of uncertainty, 
and simulate parasite spread between patches using anonimized mobile 
phone call data records to inform human movement patterns. Our 
simulations incorporate uncertainty in the transmission intensity map, 
demographic stochasticity, and individual-level variation in movements. 
We partition the variance in malaria spread using a global sensitivity 
framework to yield the relationships between global uncertainty, patch-
level transmission characteristics, and individual-level movement patterns 
in driving number of cases from a reintroduction event over time. We also 
found that patch-level transmission intensity alone was a poor predictor 
of parasite spread, and that network context must be considered with 
transmission intensity to accurately predict whether particular patches are 
at high risk for a malaria outbreak.

613
MODELING THE IMPACT OF TRANSMISSION-BLOCKING 
ACTIVITY ON THE COMPOSITION AND DYNAMICS OF THE 
MALARIA INFECTIOUS RESERVOIR 

André Lin Ouédraogo, Jaline Gerardin, Caitlin A Bever, Philip A 
Eckhoff, Edward A Wenger
Institute for Disease Modeling, Bellevue, WA, United States

In malaria endemic settings, only infectious gametocyte carriers are 
responsible for mosquito’s infection allowing subsequent transmission 
of the disease. This fact strongly suggests that a comprehensive 
understanding of the human infectious reservoir becomes a key 

prerequisite for malaria control and elimination efforts although limited 
resources make it challenging to generate required data in several of 
endemic countries. Anti-gametocyte immunity can influence gametocyte 
infectiousness and may allow predictions of the infectious reservoir 
as well as future transmission blocking vaccine testing. The ultimate 
impact of this type of immunity on the composition and dynamics of the 
infectious reservoir has never been studied. Here, we use data from an 
area of intense malaria transmission to calibrate the EMOD agent-based 
mechanistic model and assess the impact of naturally acquired anti-
gametocyte immunity on the composition and dynamics of the infectious 
reservoir. Repeated measurements were carried out at distinct transmission 
seasons (start-wet, peak-wet and dry season) and provided data on 
Pfs48/45 and Pfs230 specific antibody responses as anti-gametocyte 
immunity. Data on low-density gametocyte infections and their 
infectiousness were obtained using an ultra-sensitive molecular method 
and mosquito feeding assays respectively. To predict the composition (high 
and low-density infection) and the dynamics of the infectious reservoir, 
model simulations were run accounting for anti-gametocyte immunity or 
not. A model solution of the age and temporal changes in the infectious 
reservoir could be obtained when anti-Pfs48/45 and anti-Pfs230 immune 
responses parameters were accounted for; and not when they were turned 
off. Our mathematical simulations indicate that anti-gametocyte immunity 
may be as representative of transmission blocking activity and a key factor 
for predicting and understanding the composition and the dynamics of the 
infectious reservoir.

614
IMPACT OF IRS ON MALARIA BURDEN WHEN COMBINED 
WITH LLIN IN ETHIOPIA: MODELLING THE 2015-2017 
MALARIA NATIONAL STRATEGY

Emilie Pothin1, Olivier Briet1, Hiwot Solomon2, Seife Basaye2, 
Thomas Smith1

1Swiss Tropical and Public Health Institute, Basel, Switzerland, 2National 
Malaria Control Program, Ministry of Health, Addis Ababa, Ethiopia

The Ethiopian malaria strategy is stratified on transmission level with full 
coverage of long lasting insecticidal nets (LLINs) in all malarious woredas 
(sub-districts), supplemented in some woredas by indoor residual spraying 
(IRS) using carbamate. Simultaneous LLIN and IRS deployment is planned 
only in epidemic-prone woredas and those with high transmission. Fine 
scale simulation of multiple scenarios can help to assess the likely impact 
of such approaches, especially where local data are limited. We simulated 
malaria transmission, prevalence and burden for each of these woredas 
using the OpenMalaria platform. Transmission levels were derived from 
recent annual parasite incidence and parasite prevalence data. National 
estimates of access to healthcare, historical intervention coverage and 
malaria seasonality were used to parameterize the simulations further. 
The national strategic plan for 2015-2017 was simulated accounting for 
variable levels of effective LLIN usage, access to healthcare and pyrethroid 
resistance. The predicted incremental benefit of IRS decreases with levels 
of effective usage of LLINs and of pyrethroid resistance. Changes in 
mosquito resting/biting behaviour, prevalence of Plasmodium vivax and 
LLIN deployment delays would contribute to a higher impact of IRS. The 
simulations of the different scenarios indicate the expected impact of the 
interventions in Ethiopia and can be used during decision making process, 
for example in cost effectiveness analysis. They can also help to understand 
what would happen when interventions are deployed if all factors 
influencing malaria transmission intensity could be controlled. Deviations 
from the predictions could be used to identify where implementation 
differs from what was anticipated in the plan and hence where additional 
efforts are required.
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MODELLING THE POTENTIAL INCREMENTAL VALUE OF 
INTERMITTENT SCREENING AND TREATMENT IN SUB-
SAHARAN AFRICA

Patrick Walker1, Jessica Floyd1, Feiko ter Kuile2, Matt Cairns3

1MRC Centre for Outbreak Analysis and Modelling, London, United 
Kingdom, 2Liverpool School of Tropical Medicine, Liverpool, United 
Kingdom, 3MRC Tropical Epidemiology Group, London School of Hygiene 
& Tropical Medicine, London, United Kingdom

We combine estimates from recent trials of the effectiveness of 
Intermittent Screening and Treatment during pregnancy (ISTp) relative to 
that of Intermittent Preventative Therapy with sulfadoxine-pyrimethamine 
(IPTp-SP) with data on how the accuracy of the rapid diagnostic test used 
in ISTp is likely to vary throughout pregnancy and according to differing 
levels of immunity, in order to assess the relative effectiveness of ISTp 
and IPTp-SP across the range of transmission settings in Africa. This work 
suggests that, as a result of the imperfect sensitivity of the diagnostic and 
the additional prophylactic value of presumptive therapy, ISTp will not be 
as effective a strategy for reducing the burden of malaria in pregnancy in 
areas where the parasite remains sensitive to sulfadoxine-pyrimethamine 
(SP). Then, using data on the geographical distribution of molecular 
markers of SP resistance and their relationship to the reduced effectiveness 
of SP, we mapped how resistance to SP is likely to impact upon the relative 
effectiveness of the two interventions. Our estimates suggest ISTp is 
only likely to be more effective than IPTp in areas of “super-resistance”, 
those with substantial prevalence of the A581G sextuple mutation. We 
estimate that in 2010 these areas represented only 10% of pregnancies 
across Africa, and only 8% of those pregnancies estimated to have a 
malaria-attributable LBW baby in the absence of intervention. In areas 
of intermediate levels of SP resistance, representing much of East Africa, 
we estimate that an alternative strategy of presumptive therapy with an 
effective artemisinin combination drug would successfully provide better 
protection for pregnant women from infection.

616
MODELING THE DYNAMICS OF IMMUNOLOGICAL MEMORY 
TO MALARIA

Lauren M. Childs, Caroline Buckee
Harvard T.H. Chan School of Public Health, Boston, MA, United States

Each year nearly 200 million people are infected with the malaria parasite, 
Plasmodium falciparum. One of the most notable features of infection 
with malaria is the inability of individuals to acquire sterilizing immunity 
to the parasite. Even with multiple exposures as is common in areas of 
high endemicity, individuals remain semi-immune avoiding disease but 
not the presence and persistence of parasites. The failure of protection is 
almost certainly in part due to parasite strategies to avoid and limit host 
immune response including antigenic variation. Recent evidence, however, 
suggests that in addition to parasite-mediated strategies there may be 
deficiency in the ability of the immune system itself to create long-lived 
protection against P. falciparum. Conflicting reports of the levels of long-
lived malaria-specific antibodies may be the result of the method and 
timing of measuring antibodies compared to the timing of infection. Here, 
we develop a mathematical model of the generation and maintenance 
of B cell and antibody response to P. falciparum. We analyze simulated 
output to understand the origin of protective as well as ineffective 
immune responses in the presence of a multitude of varied proteins as 
well as antigenically varying proteins. We find that the level of persistent 
antibodies depends upon assumptions on the relative production of 
different type of antibody producing cells. Understanding the development 
and maintenance of protective immune responses to malaria is key in the 
on-going push towards elimination and eradication.

617
OPTIMAL POPULATION-LEVEL DEPLOYMENT OF 
ARTEMISININ COMBINATION THERAPIES

Tran Dang Nguyen1, Piero Olliaro2, Arjen M. Dondorp3, J. Kevin 
Baird4, Ha Minh Lam1, Jeremy Farrar5, Guy E. Thwaites1, Nicholas J. 
White3, Maciej F. Boni1
1Oxford University Clinical Research Unit, Wellcome Trust Major Overseas 
Programme, Ho Chi Minh City, Vietnam, 2UNICEF/UNDP/World Bank/
World Health Organization Special Programme for Research and Training 
in Tropical Disease, Geneva, Switzerland, 3Mahidol-Oxford Research Unit, 
Wellcome Trust Major Overseas Programme, Bangkok, Thailand, 4Eikman-
Oxford Clinical Research Unit, Jakarta, Indonesia, 5Wellcome Trust, 
London, United Kingdom

Artemisinin combination therapies (ACTs) are used worldwide as first-
line treatment against confirmed or suspected Plasmodium falciparum 
malaria. ACTs together with vector control, individual protective measures 
against mosquitoes, prophylactic drug use, and improvements in health 
care capacity form the basis of modern malaria control and its elimination. 
Despite the recent success of these strategies at reducing the global 
burden of malaria, emerging resistance to artemisinin threatens those 
gains. Countering the onset of resistance may require deliberate tactics 
aimed at slowing the decline in ACT effectiveness. Using an individual-
based microsimulation of regional malaria transmission, we revisit a 
classical dilemma in evolutionary epidemiology: how to apply a therapy 
as widely as possible without also accelerating the erosion of its efficacy 
by drug resistance. We compare the simultaneous distribution of multiple 
first-line therapies (MFT) against strategies where ACTs would be cycled 
or used sequentially, either on a fixed schedule or when population-level 
efficacy reaches the WHO-threshold level of 10% treatment failure. We 
show that deploying multiple first-line therapies reduces the long-term 
number of treatment failures when compared to strategies where a 
single first-line ACT is recommended. We show that this result is robust 
to various epidemiological, pharmacological, and evolutionary features of 
malaria transmission. Additionally, we analyze the benefits of including a 
single non-ACT therapy in an MFT strategy and predict that this approach 
would have significant benefits in reducing the pressure on artemisinin-
resistance evolution, delaying its emergence and slowing its spread. 
Adjusting national antimalarial treatment guidelines to encourage the 
simultaneous use of multiple first-line therapies is likely to extend the 
useful therapeutic life of currently available antimalarials resulting in long-
term beneficial outcomes for patients.

618
ACCEPTABILITY OF THEORETICAL IMPLEMENTATION OF 
MINIMALLY INVASIVE AUTOPSIES IN DIFFERENT CULTURAL 
AND GEOGRAPHICAL CONTEXTS

Maria Maixenchs1, Rui Anselmo2, Mamudo R. Ismail3, Carla 
Carrilho3, Paola Castillo1, Emily Zielinski-Gutiérrez4, Frank 
Odhiambo4, Shujaat Zaidi5, Zulfiqar A. Bhutta5, Rokiatou 
Dembele6, Samba Sow6, Selidji T. Agnandji7, Bertrand Lell7, Eusebio 
Macete2, Jaume Ordi1, Clara Menendez1, Quique Bassat1, Khatia 
Munguambe2
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Complete diagnostic autopsies (CDAs), the gold standard method for 
cause of death (CoD) ascertainment, are not routinely performed in 
low and middle income countries for several reasons, including scarcity 
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of human and technical resources, and poor acceptability. Minimally 
invasive autopsies (MIAs), a fine-needle based approach to obtain post-
mortem tissues, are being investigated as an alternative to CDA. For MIA 
implementation, its feasibility and acceptability assessment in diverse 
cultural, religious and geographical backgrounds is essential. We studied 
the willingness to know the CoD and the theoretical acceptability of MIAs 
in Mozambique, Mali, Gabon, Kenya and Pakistan. Five-hundred interviews 
with key informants (151), health workers (158) and next of kin of 
recently deceased people (191) were conducted. A thematic analysis was 
performed. Seventy five percent of interviewees desired to know the CoD 
of their relative. Theoretical MIA acceptance rates from family members 
of the deceased at different time-points after death were high, at 71% 
(15/21) within 24 hours after death, 73% (56/77) in those interviewed 1 
to 7 days; and 66% (61/93) between 30 and 40 days. MIA was perceived 
as acceptable by the majority of participants because of its simplicity, 
rapidity and avoiding the mutilation of the body. Participants believed that 
MIA could help to prevent contagious diseases and to address hereditary 
diseases. Respondents also noted that knowing the CoD could avoid 
witchcraft accusations and conflicts within the family. Concerns were 
raised regarding confidentiality for the CoD, fear of organ removal and 
MIA’s compatibility with religious beliefs. A few participants questioned 
MIA’s usefulness, as the person was already dead. Health professionals 
were more reluctant, with concerns about MIA´s accuracy, or fears related 
to the questioning of their previous clinical diagnoses. In conclusion, 
MIA’s real acceptability will depend on community’s engagement and 
consideration of potential barriers: confidentiality, delivery of clear 
messages about the need of knowing the CoD, and sensitization and 
collaboration of health workers.

619
INTEGRATING TRANSMISSION DYNAMICS IN THE 
MODELLING OF VACCINATION IMPACT AGAINST YELLOW 
FEVER IN AFRICA

Kévin Jean1, Neil M. Ferguson1, Maria D. Van Kerkhove2, Sergio 
Yactayo3, Wiliam Perea3, Joseph Biey4, Messeret E. Shibeshi5, Tini 
Garske1
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West Africa Inter-country Support Team, Ouagadougou, Burkina Faso, 
5AFRO Eastern and Southern Africa Inter-country Support Team, Harare, 
Zimbabwe

Yellow fever is a vector-borne flavivirus infection, whose major burden is 
concentrated in the African inter-tropical area. Eradication is not possible 
due to the existence of a wildlife reservoir, but a high level of control 
is achievable as an efficacious and safe vaccine conferring long-lasting 
immunity is available. After a period of resurgence due to low vaccination 
coverage, preventive mass vaccination campaigns for yellow fever have 
been implemented since 2007 in the 12 most affected countries in 
Africa to curb the rising burden and control future outbreaks. In order to 
evaluate the burden of Yellow Fever and to assess the impact of recent 
vaccination campaigns, we developed a comprehensive estimation method 
based on generalized linear regression models accounting for location 
of reported outbreaks, surveillance quality, environmental variables and 
parameters of transmission intensity estimated from serological surveys. 
We have now further developed this model by integrating a transmission 
dynamic component. This allowed us to estimate the basic reproduction 
number R0 at the province level and to account for the indirect protective 
effect of vaccination due to “herd immunity” enabling us to estimate, at 
the province level, critical vaccination coverages (CVC) needed to prevent 
outbreaks. We estimated very low R0 values in numerous provinces 
in Eastern Africa, but values up to 3.9 [95% CI 1.9-6.9] in Senegal, 
corresponding to CVC ranging from 0% to 74% [95% CI 48 - 85%]. As 
of 2012, 19 of the 34 African countries endemic for Yellow Fever had 
already achieved critical vaccination coverage in ≥90% of their provinces, 
including 10 of the12 countries with recent mass vaccination campaigns. 

We identified several provinces with substantial risk of outbreak (R0>1.25) 
but where <50% of the CVC was achieved, particularly in Mauritania and 
Guinea-Bissau neither of which have benefited from the recent vaccination 
activities. Integrating dynamic transmission processes in an existing 
model allows more comprehensive impact estimates of past and future 
vaccination campaigns, producing parameters directly useful for disease 
control strategies.

620
ASSESSMENT OF MOBILE PHONE SHORT MESSAGE SERVICE 
(SMS) AS A POST-TRAINING APPROACH IN UGANDA

Ruth Nakaboga Kikonyogo1, Umaru B. Ssekabira1, Chime 
Mukwakwa2, Paul Oboth3, Geoffrey Oguma4, Delanie Ricketts5
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In Uganda, the population coverage for mobile telephony is close to 
100%, while geographical coverage is about 65% according to the 
Uganda Communication Commission. The Infectious Diseases Institute, 
through the Stop Malaria Project, assessed the effectiveness of using 
mobile phone SMS to measure retention of knowledge amongst 95 
laboratory personnel from rural health centers. These personnel had 
previously attended a three-day training on laboratory diagnosis of malaria 
using microscopy and rapid diagnostic tests (RDT). Six weeks after the 
training, all 95 alumni began receiving follow-up quiz questions via SMS. 
The alumni were asked to reply to a toll free SMS platform which instantly 
acknowledged receipt of response and provided feedback on whether the 
answer was correct or not. Alumni were asked a total of 25 questions – 21 
multiple choice and four free response – over the course of 13 weeks. The 
questions covered the topics of phlebotomy; preparing, examining, and 
reporting blood smears; differentiating malaria species; and performing 
RDTs. A toll free phone line was also used to provide reminders and receive 
technical queries in relation to the SMS. 71% of the trainees responded 
to the SMS quiz questions. Multiple choice questions had an average 
response rate of 74% while free response questions were at 51%. Of the 
trainees that responded, 75% submitted the correct response. Challenges 
that hindered responses included busy work schedules, poor network 
coverage, and lack of battery power. The high percentage of responses in 
general, and specifically the high percentage of correct responses, shows 
that SMS is effective as a post-training approach to measure knowledge 
retention. The results also emphasized that multiple choice questions 
are more appropriate for SMS post-training follow-up compared to free 
response questions.

621
CROWDSOURCING HIV TESTING: A PRAGMATIC, NON-
INFERIORITY RANDOMIZED CONTROLLED TRIAL IN CHINA

Joseph D. Tucker
University of North Carolina School of Medicine, Guangzhou, China

Crowdsourcing, the process of shifting individual tasks to a large group, 
may enhance HIV testing interventions. We conducted a non-inferiority, 
pragmatic randomized controlled trial to compare first-time HIV testing 
rates among men who have sex with men (MSM) and transgender 
individuals who received a crowdsourced HIV test promotion intervention 
to a group who received a health marketing intervention. Participants 
were recruited through three large Chinese MSM web portals. We 
randomly assigned 721 MSM and transgender individuals (≥16 years 
old, never before tested for HIV) to one of two video interventions. The 
crowdsourced video was developed using an open contest and formal 
transparent judging while the evidence-based health marketing video was 
designed by experts. Study objectives were to measure HIV test uptake 
within four weeks and cost per new HIV test and diagnosis. Overall, 
624/721 (87%) participants completed the study from 31 provinces in 217 
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Chinese cities. HIV test uptake was similar between the crowdsourced arm 
(37%, 114/307) and the health marketing arm (35%, 111/317). The risk 
difference between crowdsourced and health marketing intervention was 
2.1% (95% confidence interval, -5.4 to 9.7%). Sensitivity analysis using 
imputation supported the similarity of the two interventions. Among those 
tested, 31% (69/225) reported a new HIV diagnosis. The crowdsourced 
intervention cost substantially less than the health marketing intervention 
per first-time HIV test ($131/person vs. $238/person) and per new HIV 
diagnosis ($415/person vs. $799/person). Crowdsourcing may be a cost 
saving tool to enhance community engagement and improve tropical 
medicine campaigns.

622
VIGILANCIA COMUNITARIA: IMPROVING COMMUNITY-
BASED INFECTIOUS DISEASE SURVEILLANCE IN NICARAGUA 
USING A LOW- COST MHEALTH TOOL FOR DATA 
COLLECTION AND DECISION SUPPORT

Heather Zornetzer1, Lionel Gresh1, Josefina Coloma2, Eva Harris2, 
William Avilés Monterrey1

1Sustainable Sciences Institute, Managua, Nicaragua, 2Division of Infectious 
Diseases and Vaccinology, School of Public Health, University of California, 
Berkeley, Berkeley, CA, United States

In Nicaragua, a critical data source for early detection of infectious disease 
outbreaks comes from the community level. Nicaragua has an extensive 
network of 20,000+ community-based volunteers, trained by the Ministry 
of Health (MoH), who provide important community-level data to the 
public health system. Over several years working in close collaboration 
with the Information Systems Office and the Office of Epidemiology and 
Surveillance at the central and state levels of the MoH, we developed, 
tested, fine-tuned and helped to implement a community-based mobile 
surveillance tool called Vigilancia Comunitaria (VC) for use on low-
cost Android mobile phones. VC is based on the open source software 
platform Open Data Kit and was designed as a disease tracking and case 
referral tool for community health workers (CHWs). The goal of this tool 
is to help increase efficiency and quality of infectious disease surveillance 
at the community and municipal levels, while also providing near-real 
time information via an interactive web-based dashboard alert system to 
supervisors and disease surveillance personnel in prevention and control 
activities at the municipal, state and national levels. VC allows CHWs to 
document and maintain a dynamic community census and to track and 
monitor the health of individuals (as well as aggregate information at the 
household level) for probable cases of dengue, leptospirosis, leshmaniasis, 
malaria, cholera, acute diarrheal and respiratory diseases, poisoning and 
intoxication events. VC also includes modules for infant mortality and 
high-risk pregnancies. By late 2014, >1200 CHWs were trained on the use 
of VC on phones in 4 Northern states in Nicaragua. In 2015, an additional 
module with family planning methodology and reproductive health 
outreach information will be added. We present a mixed methods impact 
evaluation of the VC tool and its capacity as it scales up nationally to 1) 
increase the efficiency and quality of CHW data collection, reporting and 
referrals, and 2) improve access by state and national decision-makers to 
timely and reliable information about disease outbreaks.

623
THE BOSTON COMBINED RESIDENCY PROGRAM PEDIATRIC 
GLOBAL HEALTH FELLOWSHIP: EDUCATING PEDIATRICIANS 
FOR CAREERS IN GLOBAL HEALTH RESEARCH

Rachael E. Bonawitz1, Matthew P. Fox1, Donald M. Thea1, 
Jonathon L. Simon1, Robert J. Vinci2, Julie M. Herlihy3

1Boston University School of Public Health, Boston, MA, United States, 
2Boston University School of Medicine, Boston, MA, United States, 
3University of California Davis, School of Medicine, Sacramento, CA, 
United States

In recent years, demand for global health (GH) training and experience 
has risen dramatically in medical education programs in the United States. 
There has been a proliferation of GH residency tracks and post-graduate 
fellowships, few of which are designed to prepare medical trainees for 
careers in global health research. In 2009, a unique GH track for residents 
was established at the Boston Combined Residency Program in Pediatrics 
(BCRP), a pediatrics residency co-sponsored by Boston Medical Center 
and Boston Children’s Hospital. One pediatric resident, after completion 
of their intern year, is selected to extend training by one year, in order to 
undertake mentored GH research in partnership with the Center for Global 
Health and Development at the Boston University School of Public Health. 
The goal is to prepare pediatricians for careers in global health research 
or service delivery. Since inception, there are four graduates of the BCRP 
GH program, but their experiences and track record of the fellowship 
are illustrative: 2 Directors of Pediatric Global Health at their respective 
academic institutions, 1 Bill & Melinda Gates Foundation Program Officer, 
and 1 Director of Transitional Medicine at a managed care organization 
who is also a Director of the Welbodi Partnership NGO in Sierra Leone. 
With 6 years’ experience administering the fellowship, challenges have 
included ensuring funding, meeting diverse needs of residents entering 
training for GH activities, and an evolving future job market. Future 
directions include solidifying funding for this distinctively integrated, 
GH research skills-focused fellowship, and partnering with other clinical 
departments to leverage the collective interest in GH training. The BCRP 
Pediatric Global Health Research Fellowship remains unique in that it is the 
only training program integrated with an established pediatric residency 
that provide trainees the skills necessary for a career in pediatric global 
health research, with potential lessons to provide to other leaders in GH 
education.

624
PREDICTING AND MITIGATING OUTBREAKS OF INFECTIOUS 
DISEASE BY USING NASA SATELLITE REMOTE SENSING 
TECHNOLOGY AND MODELS

John A. Haynes1, Sue Mathews Estes2

1NASA, Washington, DC, United States, 2NASA/UAH, Huntsville, AL, 
United States

The presentation is designed to present progress in the effort to predict 
and mitigate infectious disease using remote sensing parameters. The 
speaker will discuss models developed by NASA and their partners for 
application of the research results for improved prevention and prediction 
of outbreaks. The presentation will focus on using satellite remote sensing 
of to fill the gaps of environmental, spatial, and temporal data for tracking 
disease. Satellite earth observations provide a wealth of health applications 
for the imaginative investigator. The session is directly related to Global 
Environmental Health Surveillance and will present research results of 
the remote sensing environmental observations of earth and health 
applications, which can contribute to the tropical medicine research. This 
presentation will show the advancements that have occurred over the past 
years and new research that has not been presented. The use of NASA 
technology to benefit society on earth is a very important topic. For years 
NASA had been at the forefront of technology in space now we are at 
the forefront on studying science here on Earth. The will presentation will 
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show how remotely sensed data has been used to predict and mitigate 
diseases such as Dengue Fever, Malaria, Oyster Norovirus Outbreaks, West 
Nile Outbreaks and other Vector Borne Diseases.

625
IRON DEFICIENT RBCS ARE RESISTANT TO GROWTH AND 
INVASION BY PLASMODIUM FALCIPARUM: A FIELD STUDY

Morgan M. Goheen1, Bakary Darboe2, Ebrima Danso2, Mamadou 
M. Bah2, Muna Affara3, Amat Bah2, Rita Wegmuller2, Andrew M. 
Prentice4, Carla Cerami1
1University of North Carolina Chapel Hill, Chapel Hill, NC, United States, 
2MRC-GAMBIA, Keneba, Gambia, 3MRC-GAMBIA, Fajara, Gambia, 
4London School of Hygiene & Tropical Medicine, London, United Kingdom

Iron Deficiency Anemia (IDA) and malaria are interconnected public health 
concerns and both cause significant morbidity in Sub-Saharan Africa. 
Anemia, predominantly IDA, affects up to 50% of pregnant women and 
40% of preschool children in the developing world, significantly impacting 
perinatal and developmental health. The World Health Organization has 
previously recommended iron supplementation for at risk populations in 
areas with prevalent malnutrition. However, clinical studies have revealed 
that iron deficiency protects against malaria, and that administration of 
iron to iron-deficient individuals increases the risk of malaria. This has 
complicated recommendations for universal supplementation in malaria 
endemic regions. Our previous in vitro work, which has focused on the 
red blood cell (RBC) stage of the malaria infection, has confirmed these 
clinical observations: we have shown malaria parasite growth in and 
invasion of IDA RBCs is impaired, using iron deficient blood donors from 
our U.S.-based clinic and standard laboratory P. falciparum strains. Now 
we have now extended these studies to a real world setting where malaria 
and iron deficiency are prevalent. Specifically, we show that P. falciparum 
growth is directly proportional to hemoglobin status in RBCs from iron 
deficient Gambian children and pregnant women; P. falciparum invasion 
is reduced in iron deficient RBCs from Gambian children; and Gambian 
field isolates of P. falciparum exhibit the same phenotype of reduced 
invasion and growth in IDA RBCs from Gambian children. Our overall goal 
is now to understand the mechanisms by which iron deficiency protects 
individuals from malaria, in order to develop safe iron supplementation 
guidelines in malaria endemic areas.

626
UPSA AND DC8 PFEMP1 VARIANTS ARE ASSOCIATED WITH 
SEVERE ADULT MALARIA IN INDIA

Maria Bernabeu1, Marina Vaz2, Jayashri Walke3, Thurston 
Herricks3, Andrew J. Brazier1, Jennifer Maki3, Ligia Pereira3, Anjali 
Mascarenhas3, Edwin Gomes2, Laura Chery3, Marion Avril1, 
Pradipsinh K. Rathod3, Joseph D. Smith1

1Seattle Biomedical Research Institute, Seattle, WA, United States, 
2Department of Medicine, Goa Medical College, Bambolim, Goa, India, 
3Department of Chemistry, University of Washington, Seattle, WA, United 
States

Expression of a particular subset of Plasmodium falciparum var genes/
PfEMP1 proteins, termed DC8 and DC13, has been linked to severe 
pediatric malaria. This finding has important implications in disease 
pathogenesis because DC8 and DC13 PfEMP1 bind Endothelial Protein C 
Receptor (EPCR), a receptor that plays a key role in regulating endothelial 
cells permeability, coagulation and blood vessel inflammation. Although 
the clinical presentation of severe malaria differs significantly between 
children and adults, almost nothing is known about the var expression 
profile in severe adult malaria. To better understand the origin of these 
differences, we analyzed the var profile of infected adult populations in 
India. Parasites from severe patients significantly overexpressed UpsA var 
transcripts and DC8 variants, but not DC13s. In addition, an identical 
DC8 var tag was detected in multiple patients with distinct severe malaria 
complications. By expressing the DC8 CIDRα1 adhesion domain from 

patients with high DC8 expression, we found that Indian CIDRα1 domains 
differed in EPCR binding strength and presented phenotypic differences 
in the extent of APC blockade. Our findings demonstrate that DC8 
PfEMP1 are associated with adult severe malaria and reveal considerable 
heterogeneity in the CIDRα-EPCR binding phenotype that may contribute 
to the different disease outcomes observed in adult patients with severe 
malaria.

627
INCREASED TOTAL BODY ARGININE FLUX AND DECREASED 
NITRIC OXIDE SYNTHESIS IN SEVERE FALCIPARUM MALARIA

Matthew P. Rubach1, Salvatore Florence2, Haoyue Zhang1, 
Nicholas M. Anstey3, Tsin W. Yeo4, David S. Millington1, J. Brice 
Weinberg1, Esther D. Mwaikambo2, Donald L. Granger5

1Duke University, Durham, NC, United States, 2Hubert Kairuki Memorial 
University, Dar es Salaam, United Republic of Tanzania, 3Menzies School 
of Health Research and Charles Darwin University, Darwin, Australia, 4Lee 
Kong Chian School of Medicine, Singapore, Singapore, 5University of Utah, 
Salt Lake City, UT, United States

We have previously demonstrated that nitric oxide (NO) is protective 
against the development of severe falciparum malaria (SM). Our prior 
work showed that plasma arginine, NO metabolites, PBMC NO synthase 
(NOS) protein and RNA, and the NOS cofactor tetrahydrobiopterin are low 
in children and adults with SM compared to healthy controls (HC), while 
plasma arginase is elevated. To determine whether low nitric oxide in 
malaria is due to increased degradation of arginine by arginase (arginine 
urea + ornithine citrulline) or due to decreased synthesis via NOS (arginine 
NO + citrulline), in this study we measured arginine metabolic flux and 
calculated total body NO synthesis by administering primed infusions of 
13C6,

15N4-labeled arginine to 10 children with SM and 10 HC children (age 
4 to 8 years). Isotopic-enrichment of arginine and citrulline was measured 
at 0, 90, 120, 150, and 180 minutes post-infusion. Plasma amino acid 
levels were measured using an amino acid analyzer, and isotope ratios 
using UPLC-MSMS with selected ion monitoring. By tracing the isotopic 
enrichment and measuring total plasma citrulline levels, the concentrations 
of the enriched forms of citrulline were determined, which enabled us 
to distinguish citrulline produced from arginine via arginase vs. citrulline 
produced from arginine via NOS. Plasma arginine levels were lower in 
SM than in HC [mean (range) 43 (25-78) vs. 74 (32-112) µM; p=0.001]. 
Isotopic equilibrium in arginine was attained within 180 minutes. We 
noted that arginine flux was higher in children with SM than in HC 
children [mean (range) 106 (83-167) vs. 81 (65-101) µmol/kg/hour at 
120 minutes; p=0.026]. A+9 citrulline (derived from NOS action) was 
significantly lower in children with SM than in HC children [mean (range) 
0.019 (0.008-0.037) vs. 0.040 (0.019-0.129) µM; p=0.045]. Overall, our 
results definitively demonstrate that children with SM have increased 
arginine flux and decreased total body NO production (based on the 
low measurement of citrulline derived from actions of NOS). This new 
knowledge should help guide development of adjunctive therapies that 
increase NO in patients with SM.

628
POLYMORPHIC MOLECULAR SIGNATURES IN PLASMODIUM 
FALCIPARUM VAR2CSA ARE ASSOCIATED WITH VIRULENCE 
IN PLACENTAL MALARIA

Eldin Talundzic1, David S. Peterson2, Julie M. Moore2, 
Venkatachalam Udhayakumar1, Naomi W. Lucchi1, Stephen Scott2, 
Simon O. Owino2

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
2University of Georgia, Athens, GA, United States

Plasmodium falciparum-infected erythrocytes accumulate within the 
placenta by expressing VAR2CSA, a variant of the highly polymorphic 
erythrocyte membrane protein-1 (PfEMP1) family that has unique 
specificity for a low-sulfated form of chondroitin sulfate A (CSA) found 
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only in this tissue. The resulting syndrome, placental malaria (PM), has 
important repercussions for the health of both mother and fetus, with 
the first and second pregnancies being at highest risk for placental 
pathology and maternal and fetal morbidity and mortality. Partial immunity 
against VAR2CSA, and therefore protection against pathogenesis, is 
achieved after multiple PM-exposed pregnancies, making this protein a 
leading vaccine target. However, the extent to which VAR2CSA diversity 
contributes to immune evasion and parasite virulence remain poorly 
understood. In this study the genetic complexity of the DBL3X domain of 
var2csa in P. falciparum-infected placental blood samples from Kenyan 
women was characterized. Higher copy numbers of var2csa were found 
in multigravidae, which may indicate gravidity-associated selection for 
parasites with inherently greater capacity for immune evasion. Deep 
sequencing revealed a remarkably high number of unique DBL3X 
sequences in some individuals, with histologically-confirmed chronic 
placental infection, but not gravidity, being a significant predictor. Scrutiny 
of the sequences, however, unveiled divergent, gravidity-biased sequence 
patterns, with unique types that are more prevalent among primigravidae 
being associated with high density parasitemia and low birth weight. 
These results provide for the first time compelling evidence that previous 
exposure to PM induces selection for multiple copies of unique VAR2CSA 
types that have reduced virulence and should redirect vaccine efforts 
to further identify and target antigen types associated with poor birth 
outcomes.

629
ACUTE KIDNEY INJURY IN UGANDAN CHILDREN WITH 
SEVERE MALARIA: A PROSPECTIVE COHORT STUDY

Andrea L. Conroy1, Michael Hawkes2, Robyn E. Elphinstone1, 
Catherine Morgan2, Sophie Namasopo3, Robert O. Opoka4, 
Chandy C. John5, W. Conrad Liles6, Kevin C. Kain1

1University of Toronto, Toronto, ON, Canada, 2University of Alberta, 
Edmonton, AB, Canada, 3Jinja Regional Referral Hospital, Jinja, Uganda, 
4Makerere University, Kampala, Uganda, 5Indiana University, Indianapolis, 
IN, United States, 6University of Washington, Seattle, WA, United States

Acute kidney injury (AKI) is a common complication of severe malaria 
in adults, but rarely reported in the context of pediatric populations. 
Using a new consensus definition of AKI (Kidney Disease: Improving 
Global Outcomes (KDIGO) Acute Kidney Injury Work Group), we 
evaluated the incidence of AKI in a cohort of Ugandan children with 
severe malaria.180 children aged 1 to 10 years with a rapid diagnostic 
test positive for both Plasmodium falciparum histidine rich protein 2 
and lactate dehydrogenase, and at least one of the following criteria for 
severe malaria: repeated seizures, impaired consciousness, and respiratory 
distress were enrolled in the study. Renal function was monitored daily 
for four days using serum creatinine measured by iSTAT. AKI was defined 
retrospectively by KDIGO. Baseline data were available for 178 children. 
The day 14 mortality rate was 9.0% (n=16), but AKI was only assessed 
in 168, as 10 children died before a repeat creatinine measurement. 
Overall, 63.7% of children (n=107/168) met the criteria for AKI with 
55.1% (59/107) staged as “risk”, 28.0% (30/107) as “injury”, and 16.8% 
(18/107) as “failure”. There was an increase in mortality across stages of 
AKI (p=0.004) with the mortality rate reaching 16.7% in children with 
KDIGO-staged renal failure. Overall, 78.6% of children had their creatinine 
levels peak within the first two days of admission. To evaluate the nature 
of renal dysfunction in children with AKI we assessed the BUN:creatinine 
ratio and found 84.2% of children had a BUN:creatinine>20, suggestive 
of prerenal injury. Since the majority of study deaths occurred before 
a repeat creatinine measure on day 2, we evaluated the association of 
renal biomarkers at admission with outcome. There were no differences 
in creatinine levels between survivors and non-survivors (p=0.1858), 
but there was an increase in BUN in non-survivors (p=0.0066). These 
data suggest that renal dysfunction may be more common in pediatric 
populations with severe malaria than previously assumed and is associated 
with increased mortality.

630
METABOLOMICS OF PLASMODIUM VIVAX RELATED ANEMIA 
FROM THE BRAZILIAN AMAZON

Jorge L. Salinas1, Karan Uppal1, Fernando F. Val2, Wuelton M. 
Monteiro2, Gisely C. Melo2, Belisa Magalhães2, Andre M. Siqueira2, 
Dean P. Jones1, Mark P. Styczynski3, Mary R. Galinski1, Marcus V. 
Lacerda2

1Emory University, Atlanta, GA, United States, 2Fundaçao de Medicina 
Tropical Doutor Heitor Vieira Dourado, Manaus, Brazil, 3Georgia Institute 
of Technology, Atlanta, GA, United States

Anemia is one of the most common complications of Plasmodium 
vivax malaria. Multiple host and pathogen factors are involved, as 
well as nutritional and environmental exposures. Currently, the field of 
metabolomics uses sophisticated machine learning approaches able to 
analyze small number of samples while accounting for multiple possible 
confounding variables. We hypothesized that metabolomic analyses 
of plasma samples from patients would help us better understand the 
complex metabolic host-pathogen interactions occurring in P. vivax 
anemia in the Brazilian Amazon. We recruited 150 patients (age ≥18 years) 
with PCR confirmed P. vivax monoinfection at the Fundação de Medicina 
Tropical Heitor Vieira Dourado in Manaus, Brazil during 2011-2012. 
Samples underwent randomization followed by Liquid Chromatography/
Mass Spectrometry. Each sample was run in triplicate and data was 
extracted using xMSanalyzer. 16,791 unique m/z and retention times were 
obtained in all patients. Analyses were restricted to m/z present in at least 
70% of all samples with adjustment for multiple hypothesis testing by the 
Benjamini-Hochberg false discovery rate method (p<0.05). A regression 
model for hemoglobin levels as a continuous variable was created using 
partial least squares (PLS) regression with variable importance in projection 
scores ≥2. We obtained 141 significant m/z from PLS regression and 
used them for pathway enrichment analyses with mummichog, an 
algorithm for pathway-level annotation of metabolomics data. Top altered 
pathways included butyric acid metabolism (p=0.02) and the carnitine 
shuttle (p=0.03); metabolite confirmation is under way. Butyric acid and 
carnitine have been previously implicated in sickle cell and end stage renal 
disease related anemia, respectively, and both are considered alternative 
treatments for each of these conditions. These pathways are likely altered 
as a result of the host-pathogen interaction rather than arising from the 
host or the pathogen alone. Although not evidence of causality, our efforts 
yielded potential biochemical pathways associated with P. vivax related 
anemia from the Brazilian Amazon.

631
STRUCTURE OF PLASMEPSIN V COMPLEXED WITH AN 
INHIBITOR THAT BLOCKS PROTEIN EXPORT AND MALARIA 
TRANSMISSION TO MOSQUITOES

Anthony N. Hodder1, Brad E. Sleebs1, Peter E. Czabotar1, Michelle 
Gazdik1, Charlie Jennison1, Matthew T. O’Neill1, Sash Lopaticki1, 
Annie Yang1, Jennifer S. Armistead1, Brian J. Smith2, Alan F. 
Cowman1, Justin A. Boddey1

1Walter and Eliza Hall Institute of Medical Research, Melbourne, Australia, 
2LaTrobe University, Melbourne, Australia

Every day around the world, over 1 million people are infected with 
malaria parasites. These infections are caused when female Anopheles 
mosquitoes feed on the blood of infected humans and themselves 
become infected with gametocytes, followed weeks later by biting 
another individual and depositing sporozoites into the new host. For 
the global burden of malaria to be reduced, this transmission cycle 
needs to be blocked. We have developed a new small molecule that 
potently inhibits the malarial export protease, plasmepsin V, with an IC50 
1 nM. The compound blocks the ability of the most virulent parasite 
of humans, Plasmodium falciparum, to export proteins that would 
normally commandeer the infected erythrocyte for parasite survival, and 
the parasites subsequently die. Treatment of gametocytes, the parasite 
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form that exits humans and infects mosquitoes, with the compound 
kills them and a sub-lethal dose blocks their transmission to Anopheles 
mosquitoes. This establishes plasmepsin V as an essential protein in 
gametocytes, in addition to the asexual stage, and an attractive drug 
target for reducing malaria transmission. We have used the inhibitor to 
obtain diffractable crystals and solved the structure of liganded plasmepsin 
V to 2.37 Angstroms. This provides a clear basis for the strict requirements 
for substrate and inhibitor binding of this protease, and unveiled both a 
plant-like fold and a malaria-specific helix-turn-helix motif that are unique 
to plasmepsin V and likely to be important in its function in cleavage of 
effector substrates for export.

632
THE PIRNA PATHWAY AND STRESS IN ANOPHELES 
STEPHENSI

Vanessa M. Macias1, William A. Dunn III2, Anthony A. James1

1University of California Irvine, Irvine, CA, United States, 2Yale University, 
New Haven, CT, United States

Stress-induced mobilization of transposons is well-documented in 
many organisms. The piRNA pathway is an RNA interference pathway 
responsible for repressing transposon mobilization in germ-line tissues 
of the fruit fly, Drosophila melanogaster. The genes encoding the 
components of the piRNA pathway, Piwi, Aubergine (Aub) and Argonaut 
3 (Ago3), were identified and characterized in the malaria vector 
mosquito, Anopheles stephensi. Preliminary experiments show that 
they are induced in embryos following short-duration heat stress. Current 
experiments are designed to assay the effects of prolonged heat and cold 
stress on the expression levels of the mosquito orthologs of the heat-shock 
protein genes, hsp70 and hsp90, as well as Piwi, Aub and Ago3 and 
putative endogenous transposon transcripts identified from An. stephensi 
RNA sequencing data. Additionally, mosquitoes mutant for Piwi, Aub and 
Ago3 are being generated using Cas9-mediated site-specific genome 
targeting that will be tested for a phenotype affecting the temperature 
stress response. The results of this work are expected to inform the 
development of transposon-based gene-drive systems for introgressing 
beneficial traits into vector mosquitoes.

633
A KEY REPRODUCTIVE GENE INFLUENCES PLASMODIUM 
DEVELOPMENT IN THE MAJOR MALARIA VECTOR 
ANOPHELES GAMBIAE

Perrine Marcenac1, Adam South1, W Robert Shaw1, Emily Lund1, 
Abdoulaye Diabate2, Serge Yerbanga2, Thierry Lefevre3, Flaminia 
Catteruccia1

1Harvard TH Chan School of Public Health, Boston, MA, United States, 
2Institut de Recherche en Sciences de la Sante/Centre Muraz, Bobo-
Dioulasso, Burkina Faso, 3UMR MIVEGEC, Montpellier, France

In the major malaria vector Anopheles gambiae, male-female molecular 
interactions following mating are important determinants of fertility 
and fecundity. Intriguingly, an increasing amount of evidence points to 
reproductive processes playing an important role in Plasmodium parasite 
development. Male transfer of the steroid hormone 20-hydroxyecdysone 
(20E) during mating activates the transcription of a Mating-Induced 
Stimulator of Oogenesis (MISO) gene that transduces the mating 
signal into an increase in egg development. Silencing MISO by RNA 
interference reduces egg development to levels observed in virgin females. 
This phenotype is caused in part by improper release of 20E from the 
mating plug in the absence of MISO, leading to disregulation of genes 
important for oogenesis. In particular, silencing MISO reduces expression 
of yolk protein precursors (YPPs) and impairs lipid accumulation in the 
oocyte. Previous research shows that the same YPPs essential for lipid 
accumulation in the developing mosquito egg help parasites escape the 
immune system. We show evidence that MISO depletion impacts both 
Plasmodium falciparum and P. berghei infection in A. gambiae; 

however, the effects in these Plasmodium species differ, enabling us to 
further reconstruct the molecular pathways linking egg development and 
Plasmodium infection. Our studies suggest MISO may modulate aspects 
of mosquito biology that are relevant to anopheline vector competence.

634
INVESTIGATING MOSQUITO MOLECULAR FACTORS THAT 
CONTROL GUT MICROBIOTA VARIABILITY IN AEDES AEGYPTI

Sarah M. Short, Octavio C. Talyuli, George Dimopoulos
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States

The Aedes aegypti mosquito midgut microbiota can alter mosquito 
susceptibility to dengue virus, and understanding factors that shape it 
could explain field transmission dynamics and contribute to development 
of novel dengue control strategies. In the current study, we aimed to 
identify mosquito molecular factors that control bacterial load of the 
midgut and contribute to within-species variability in gut microbial load. 
We reared multiple strains of A. aegypti in a controlled laboratory 
environment and used culture-dependent and -independent techniques to 
assess bacterial load in the midguts of sugar and blood fed females from 
each strain. We then compared genome-wide gene expression in response 
to blood feeding and bacterial ingestion between two strains showing the 
greatest difference in microbial load. We identified genes that showed 
strain-specific patterns of up- or down-regulation and used Gene Ontology 
and KEGG analyses to identify pathways enriched in a strain-specific 
manner. Finally, we used RNAi to knock down candidate genes to validate 
their role in influencing gut microbial load. We found significant variation 
between strains in gut bacterial load. Our transcriptome analysis revealed 
that an unexpectedly high number of metabolism-implicated genes were 
differentially expressed between strains. We also identified strain-specific 
variation in the mRNA abundance of multiple immunity genes. Preliminary 
data from RNAi knock down experiments suggests that the immunity 
gene galectin 1 as well as genes involved in valine, leucine and isoleucine 
degradation are implicated in controlling proliferation of gut bacteria in a 
strain-specific manner. Taken together, these data suggest that metabolic 
activity in the mosquito gut may act to control bacterial load and that 
variability in metabolic activity has the potential to control within-species 
variation in gut microbial load.

635
A PROTEOMIC-BASED “SHOTGUN” APPROACH OPENS NEW 
PERSPECTIVES TO MOSQUITO AGE-GRADING

Immacolata Iovinella1, Beniamino Caputo1, Elena Michelucci2, 
Francesca Dani2, Alessandra della Torre1

1University of Rome, Sapienza, Rome, Italy, 2University of Florence, 
Florence, Italy

Information on age structure of wild mosquito populations is fundamental 
to assess impact of control measures and vectorial capacity of species 
implicated in transmission of malaria or arboviroses. Transcriptional 
studies on major disease vectors, such as Anopheles gambiae and 
Aedes aegypti, have highlighted age-related variations in some genes 
which have been exploited to develop quantitative reverse transcriptase-
PCR age-grading methods. However, due to low RNA stability, these 
qRT-PCR approaches require a careful manipulation and preparation of 
samples and relatively high-tech and expensive equipment. In this work 
we applied a proteomic-based “shotgun” approach to identify and 
quantify proteins from carcasses of laboratory reared Aedes albopictus 
belonging to six different age-groups and different physiological stages. 
Proteins were extracted from heads and thoraxes and the same total 
protein content of each group was processed for a nanoLC-nanoESI-MS/
MS analysis on an Ultimate 3000 HPLC coupled to a LTQ Orbitrap mass 
spectrometer. Protein intensities across samples was evaluated using a LFQ 
(label-free quantitation) method. Approximately 600 proteins/age-group 
were identified, 4 of which (i.e. an hemocyanin protein; an insect cuticle 
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protein; a glutathione S-transferase; and a not yet annotated protein) 
were shown to strongly decrease with age in all biological and technical 
replicates carried out to exclude possible technical biases. Antibodies 
against two of these proteins have been produced and are being exploited 
to develop ELISA or Western Blotting age-grading protocols to be 
applied on Ae. albopictus, a species whose longevity is difficult to assess 
due to lack of specific molecular approaches. In fact, these approaches 
are expected to be more manageable and cheaper than the currently 
used qRT-PCR approaches, thus allowing a larger scale assessment of 
longevity in epidemiological studies as well as in the evaluation of the 
efficacy of control strategies. This study represents a proof-of concept for 
the development of similar methods to tropical vectors of malaria and 
arbovirosis.

636
MOLECULAR MECHANISMS MEDIATING INNATE IMMUNE 
PRIMING IN ANOPHELES GAMBIAE MOSQUITOES

Jose Luis Ramirez1, Giselle de de Almeida Oliveira1, Eric Calvo1, 
Jesmond P. Dalli2, Romain A. Colas2, Charles N. Serhan2, Jose 
Ribeiro1, Carolina Barillas-Mury1

1Laboratory of Malaria and Vector Research, National Institute of Allergy 
and Infectious Diseases, National Institutes of Health, Rockville, MD, 
United States, 2Center for Experimental Therapeutics and Reperfusion 
Injury, Brigham and Women’s Hospital, Harvard Institutes of Medicine, 
Boston, MA, United States

An innate immune priming response is triggered when Plasmodium 
ookinetes invade the mosquito midgut and the microbiota comes in direct 
contact with injured cells. This is a long-lasting response that confers the 
mosquito enhanced ability to control subsequent Plasmodium infections. 
The immune priming response involves hemocyte differentiation, in 
particular an increase in the granulocyte population. A hemocyte 
differentiation factor (HDF) is released into the hemolymph and transfer 
of cell-free hemolymph from challenged mosquitoes can induce hemocyte 
differentiation and enhanced immunity in recipient naïve mosquitoes. 
In this study, we have characterized the biochemical nature of HDF. We 
discovered that this factor consists of a Lipoxin / Lipocalin complex. RNAi-
based silencing of the lipocalin (Evokin) component abolished the release 
of HDF activity in the hemolymph extract, indicating that it is a critical 
component of the immune priming response. In turn, LC/MS/MS analysis 
showed that the HDF lipid component is an eicosanoid (Lipoxin). Injection 
of synthetic lipoxin recapitulates the phenotype observed in Plasmodium-
infected mosquitoes as well as those observed when transferring cell-free 
hemolymph from challenged to naïve mosquitoes. In summary, we show 
that innate immune priming involves a persistent increase in expression 
of Evokin, and in the ability of mosquitoes to convert arachidonic acid to 
lipoxins, predominantly Lipoxin A4.

637
AN ENDOSYMBIONT-REGULATED TSETSE ODORANT 
BINDING PROTEIN MEDIATES HOST IMMUNE SYSTEM 
MATURATION PROCESSES

Brian L. Weiss1, Joshua B. Benoit2, Aurelien Vigneron1, Yineng 
Wu1, Serap Aksoy1

1Yale School of Public Health, New Haven, CT, United States, 2Department 
of Biological Sciences, University of Cincinnati, Cincinnati, OH, United 
States

Endosymbiotic bacteria serve important functions within their animal 
hosts, including maintenance of immune system homeostasis. Little is 
known about the mechanisms that enable these bacteria to induce host 
immunity-related phenotypes during development and into adulthood. 
Tsetse flies (Glossina spp.) house 3 distinct endosymbiotic bacteria that 
are vertically transmitted from mother to offspring during this insect’s 
unique viviparous mode of reproduction. When intrauterine tsetse larvae 
mature in the absence of their endogenous microbiota (referred to as 

‘aposymbiotic’), subsequent adults present a highly compromised cellular 
immune system that is characterized by the absence of phagocytic 
hemocytes. We demonstrate that an odorant binding protein-encoding 
gene (obp6) is expressed at 22x higher levels in wild-type versus 
aposymbiotic larvae. Expression of this gene is reduced significantly in 
wild-type larvae when their lactating moms are microinjected with gene-
specific short interfering RNAs (siRNAs). Offspring that imbibe anti-obp6 
siRNAs exhibit phenotypes consistent with the presence of a reduced or 
dysfunctional population of crystal cells, which are responsible for initiating 
the melanization cascade via the release of prophenoloxidase. Our findings 
provide valuable insight into molecular pathways that underlie symbiont-
mediated immune system maturation in tsetse.

638
IMPACT OF INCREASED INSULIN SIGNALING IN THE FAT 
BODY OF ANOPHELES STEPHENSI AND AEDES AEGYPTI 
MOSQUITOES ON INNATE IMMUNITY, LIFESPAN AND 
REPRODUCTION

Lewis Hun1, Michael Riehle1, Anam Arik1, Kendra Quicke2, Patricia 
Scaraffia3, Hemant Badgandi1, Michael Piatt1, Yan Lee1

1University of Arizona, Tucson, AZ, United States, 2Emory University, 
Atlanta, GA, United States, 3Tulane University, New Orleans, LA, United 
States

The World Health Organization (WHO) estimates that 2.5 billion people 
live in dengue-endemic areas and are at daily risk of infection. Thus, 
there is an urgent need for new innovative strategies to ease the burden 
of dengue transmission. One strategy is to genetically engineer the 
primary mosquito vector, Aedes aegypti, to be resistant to dengue 
infection and with improved fitness to replace wild, susceptible mosquito 
population. In mosquitoes, the insulin/insulin growth factor 1 signaling 
(IIS) cascade regulates lifespan, reproduction, and innate immunity. To 
better understand the impact of IIS in mosquitoes, we induced IIS in the 
fat body of transgenic Ae. aegypti mosquitoes by expressing an active 
form of Ae. aegypti Akt (AeagAkt), a key component of the IIS cascade. 
The mosquito’s fat body is the main tissue responsible for antimicrobial 
production and has been shown to serve as “signaling center” for the 
IIS pathway. In early studies we found that active AeagAkt transcript and 
protein expression occurred in a fat body and blood meal specific manner, 
as expected for a transgene regulated by the vitellogenin promoter. 
Furthermore, we were able to demonstrate increased activation of 
downstream IIS molecules indicating activation of the IIS cascade. We also 
observed changes in vitellogenin protein levels, but surprisingly did not 
observe any change in egg production. Most importantly, we observed 
a significant extension in the lifespan of the myr-AeagAkt transgenic 
Ae. aegypti. This increase in lifespan opens intriguing possibilities for 
manipulating the fitness of transgenic virus resistant mosquitoes.
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639
COMPARISON OF DOXYCYCLINE, MINOCYCLINE, 
DOXYCYCLINE PLUS ALBENDAZOLE AND ALBENDAZOLE 
ALONE IN THEIR EFFICACY AGAINST ONCHOCERCIASIS

Ute Klarmann-Schulz1, Linda Batsa2, Sabine Specht1, Alexander 
Y. Debrah3, Jubin Osei-Mensah2, Nana K. Ayisi-Boateng4, Yusif 
Mubarik2, Louise Ford5, Peter Konadu6, Mark J. Taylor5, Achim 
Hoerauf1

1Institute for Medical Microbiology, Immunology and Parasitology, Bonn, 
Germany, 2Kumasi Centre for Collaborative Research, Kumasi, Ghana, 
3Faculty of Allied Health Sciences, Kwame Nkrumah University of Science 
and Technology, Kumasi, Ghana, 4University Hospital of Kwame Nkrumah 
University of Science and Technology, Kumasi, Ghana, 5Liverpool School of 
Tropical Medicine, Liverpool, United Kingdom, 6Komfo Anokye Teaching 
Hospital, Kumasi, Ghana

In search of new macrofilaricidal drugs against onchocerciasis that lead 
to regimens shorter than the current macrofilaricidal “gold standard” 
doxycycline (Doxy) 200mg/d given for 4 weeks, preclinical studies within 
the A·WOL consortium showed that minocycline (Mino) had an efficacy 
superior to Doxy. Further studies suggested that a combination treatment 
with Doxy and albendazole (Alb) increased the effect of Doxy alone. 
Therefore a randomized, open-label, pilot trial was carried out in an area 
in Ghana endemic for onchocerciasis, comprising 5 different regimens: the 
standard regimen Doxy 200mg/d for 4 weeks (Doxy 4w), the experimental 
regimens Mino 200mg/d for 3 weeks (Mino 3w), Doxy 200mg/d for 3 
weeks plus Alb 800mg/d for 3 days (Doxy 3w + Alb 3d), Doxy 200mg/d for 
3 weeks (Doxy 3w) and Alb 800mg for 3 days (Alb 3d). Of 156 volunteers, 
136 (87.2%) completed the treatment according to protocol. Of these, 99 
(72.8%) were present for the surgical extirpation of their onchocercomata 
6 months after treatment onset. Histological analyses of the adult worms 
in the extirpated nodules revealed absence of Wolbachia in 98.8% (Doxy 
4w), 81.4 % (Doxy 3w + Alb 3d), 72.7% (Mino 3w), 64.1% (Doxy 3w) 
and 35.2% (Alb 3d) of the female worms. All 4 treatment regimens 
showed superiority to Alb 3d (p < 0.001, p < 0.001, p = 0.002, p = 
0.008, respectively). Additionally, Doxy 4w showed superiority to all other 
treatment arms (vs. Doxy 3w + Alb 3d p = 0.005, vs. Mino 3w p = 0.002, 
vs. Doxy 3w p < 0.001). The observed differences regarding the absence 
of Wolbachia between the 3-week regimens did not reach statistical 
significance. Furthermore Doxy 4w and Doxy 3w + Alb 3d showed a 
higher amount of female worms with degenerated embryogenesis 
compared to Alb 3d (p = 0.028, p = 0.042, respectively). These results 
confirm earlier studies that Doxy 4w is sufficient for Wolbachia depletion 
and the desired parasitological effects. The data further suggest that 
there is an additive/synergistic effect of Alb (3 days) on top of that of 
Doxy 3w alone, and that Mino 3w has a stronger potency than Doxy 3w. 
These latter two results are preliminary and need confirmation in a full 
randomized controlled phase 2 trial.

640
DEVELOPMENT OF NOVEL SEROLOGIC TOOLS TO STUDY 
ONCHOCERCA VOLVULUS POPULATION GENETICS

Carmelle T. Norice1, Jose’ Ribeiro2, Sasisekhar Bennuru1, Thomas 
B. Nutman1

1Laboratory of Parasitic Diseases, National Institute of Allergy and 
Infectious Diseases, National Institutes of Health, Bethesda, MD, United 
States, 2Laboratory of Malaria and Vector Research, National Institute of 
Allergy and Infectious Diseases, National Institutes of Health, Bethesda, 
MD, United States

The ongoing public health and socioeconomic impact of onchocerciasis 
requires a better understanding of Onchocerca volvulus biology that can 
be translated into innovative methods for improved surveillance, diagnosis, 
and treatment. In particular, studies of O. volvulus (Ov) population 
genetics may help elucidate its transmission, spread, emergence of drug 
resistance, and persistence despite control measures. Currently, studies 

of O. volvulus population genetics are significantly limited because the 
extraction of parasite tissue from hosts requires invasive and painful 
procedures. Therefore, we are developing a novel approach to help 
advance our understanding of O. volvulus allele diversity and spatial 
distribution using well-characterized serum and available parasite material. 
We have identified non-synonymous single nucleotide polymorphisms 
(SNPs) in the coding sequences of 9 of the 14 most highly immunogenic 
Ov proteins: Ov7, Ov16, OvASP1, OvCHI1, OvM3, OvALT1, OvB8, OvFAR1, 
and OvRAL1. Moreover, we have confirmed these SNPS, using PCR-based 
genotyping and applied these genotyping assays to individual skin snip 
samples from patients with onchocerciasis (e.g. Ov7 S29F and Ov16 
R180P). Using KLH-linked synthetic peptides that each contain one or the 
other SNP variant for each of these antigens, we have developed serum-
based immunoassays to genotype O. volvulus infecting strains using Ov-
infected patient sera. We plan to investigate the diversity and distribution 
of O. volvulus populations over geographical space and time without 
the need for parasite material. The results are expected to shed light on 
features of O. volvulus population genetics that may facilitate elimination 
efforts. 

641
CAN WE USE SIMPLE PHYSICAL MEASURES TO DETECT 
COVERT LYMPHEDEMA IN ADOLESCENTS AND YOUNG 
ADULTS INFECTED WITH LYMPHATIC FILARIASIS?

Janet Douglass1, Susan Gordon1, Patricia Graves2

1James Cook University, Townsville, Australia, 2James Cook University, 
Cairns, Australia

Lymphedema after infection with lymphatic filariasis (LF) and lymphedema 
after treatment for cancer have differing causes but similar chronic 
manifestations. In both conditions only a portion of those at risk will 
develop chronic disease and in both cases early detection and intervention 
can result in reversal of symptoms or even complete recovery, whereas 
progression to later stages prevents any possibility of cure and reduces 
opportunity for improvement. Devices used to detect and assess cancer 
related lymphedema were used in an LF early detection study in a highly 
endemic area in Central Myanmar (Amarapura Township). Participants 
aged between 10 and 21 years were screened by ICT (n=315) and positive 
cases were age and gender matched with negative cases and invited into 
a longitudinal study. Physical measures were taken on 104 participants 
before and after the annual MDA campaign. Infection rate was 17.8% in 
younger people (aged 10-17) and 23.08% in older participants (aged 18-
21). Of the 95 participants who returned for follow up measures there was 
conversion from negative to positive and vice versa in 5 and 1 participants 
respectively. Physical measures included limb circumference and tissue 
tonicity at the mid-point of the anterior and posterior thigh and the calf. 
Bio impedance spectroscopy was used to assess segmental fluid load in 
the whole leg, thigh and upper thigh. The results will assess the usefulness 
of physical measures for early detection of covert lymphatic changes in 
young people infected with LF and the impact of MDA on early lymphatic 
dysfunction.

642
MEASURING THE IMPACT OF LYMPHOEDEMA ON PATIENT 
MOBILITY USING GPS DATA LOGGERS: A CASE-CONTROL 
STUDY OF PATIENTS IN CHIKWAWA, MALAWI

Michelle C. Stanton1, Square Z. Mkwanda2, Masato Yamauchi1, 
Charles Mackenzie1, Louise A. Kelly-Hope1

1Liverpool School of Tropical Medicine, Liverpool, United Kingdom, 
2Ministry of Health, Lilongwe, Malawi

Lymphoedema, one of the most common clinical manifestations of 
lymphatic filariasis, is known to have a significant impact on a patient’s 
quality of life by restricting mobility both day-to-day due to the swelling 
of the limb, and during acute attacks during which the patients is often 
completely incapacitated. This can impact both their economic and mental 
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stability, and perpetuates poverty in endemic areas. This purpose of this 
study was to directly measure the physical and socio-economic impact of 
lymphoedema on affected individuals and their carers in an endemic area 
of Malawi by comparing a group of lymphoedema patients (cases) to a 
group without the condition (controls). There were three components to 
this project: (i) a self-assessment questionnaire, including questions on 
mobility, self-care, assistance received and daily activities, (ii) observed 
mobility tests and (iii) a diary and GPS data logger study. Components (i) 
and (ii) involved 30 cases and 30 controls, whereas a subset of 10 cases 
and 10 controls were asked to complete a daily activity sheet over a three 
week period, and further to wear a GPS logger to track their movements 
over the same period. The self-assessment questionnaire required 
participants to score each question. Participants indicated their score 
using a graphical representation of stacked blocks was used, as opposed 
to a more traditional written scale in order to produce more accurate 
self-assessed responses. Individual scores were summed to produce an 
overall disability score. Observed mobility tests included a timed 10 metre 
walk, and a timed ‘up and go’ test during which the time required to 
stand up from a chair, walk 3 metres, then return to a seated position was 
calculated. The GPS logger component allowed the average distance and 
travelling speed to be calculated over the three week period for each case 
and control, and further to identify mobility patterns. The disability score, 
observed mobility test times, daily activities and mobility patterns were 
then compared between cases and controls to obtain a more accurate 
understanding of the relative impact of lymphoedema on affected 
individuals.

643
ABL-KINASE TARGETING OF FILARIAL PARASITES BY 
IMATINIB IMPAIRS EMBRYOGENESIS AND SHEATH/CUTICLE 
INTEGRITY: STRUCTURAL STUDIES IN BRUGIA MALAYI

Elise M. OConnell1, Sasisekhar Bennuru1, Aaron Bell2, Sara 
Lustigman2, Thomas B. Nutman1

1National Institutes of Health, Bethesda, MD, United States, 2Lindsley F. 
Kimball Research Institute, New York Blood Center, New York City, NY, 
United States

Unanticipated severe side effects (including death) in Loa loa (Ll)-
endemic regions of Central Africa caused by ivermectin use in mass drug 
administration (MDA) campaigns for onchocerciasis and lymphatic filariasis 
elimination has resulted in cessation of MDA. The severity of these post-
ivermectin treatment reactions has been found to be proportional to the 
number of Ll microfilariae (MF) and is thought to result from rapid MF 
killing. Thus, there is a need for new drugs that either kill MF more slowly 
or only target adult worms. We have previously shown a high degree of 
sequence identity between the human c-Abl protein and Abl-like proteins 
expressed by Brugia malayi (Bm), Onchocerca volvulus, Wuchereria 
bancrofti, Ll, and Mansonella perstans at the imatinib binding site. 
Imatinib also kills Bm in vitro at concentrations achievable in humans 
after a single oral dose. Prior to full scale human trials, it is important to 
understand the mechanism by which imatinib is acting on the MF and the 
other parasite stages to anticipate possible efficacy and safety. First, we 
used RNAseq data to quantify the relative expression of Abl-like proteins. 
These data showed that the highest Abl-like expression was found in the 
adult female (AF)(246 RPKM), followed by MF (125 RPKM), and lastly by 
L3 (68 RPKM) and by adult males (AM)(63 RPKM). Confocal microscopy 
was next performed and demonstrated that fluorescently labeled rabbit 
anti-human c-Abl showed extensive staining of the cuticle in both AM 
and AF and in the uterine lining of AF. Moreover, the MF sheath stained 
brightly. Compared to untreated control parasites, transmission electron 
microscopy of imatinib-treated AF showed an arrest in development of 
embryogenesis, with only immature ova/embryos visible with pyknotic 
nuclei. The cuticles of the AM and AF were markedly disturbed, and the 
MF revealed complete loss of internal architecture. Scanning electron 
microscopy of MF demonstrated a thinning and loss of sheath integrity. 

These data suggest that imatinib inhibits filarial embryogenesis, and effects 
mobility and survival of MF and AF/AM by its disruption on the sheath and 
cuticle, respectively.

644
EXPERIMENTAL ANTI-WOLBACHIAL THERAPY OF FILARIASIS 
WITH COMBINATIONS OF REGISTERED ANTIBIOTICS 
SUGGESTS TREATMENT SUCCESS IS ACHIEVABLE WITHIN 
SEVEN DAYS

Sabine Specht1, Kenneth Pfarr1, Sandra Arriens1, Ute Klarmann-
Schulz1, Louise Ford2, Mark Taylor2, Achim Hoerauf1

1IMMIP, University Hospital Bonn, Bonn, Germany, 2Liverpool School of 
Tropical Medicine, Liverpool, United Kingdom

Filarial parasites can be targeted by antibiotic treatment due to their 
unique endosymbiotic relationship with Wolbachia bacteria. This finding 
has led to successful treatment strategies in both, human onchocerciasis 
and lymphatic filariasis. A 4-6 week treatment course using doxycycline 
results in long-term sterility and ultimately death of the parasite. 
However, current treatment times and doxycycline contraindications in 
children and pregnant women preclude administration of doxycycline in 
mass chemotherapy within public health control programs; therefore, 
establishing of shorter anti-wolbachial regimens is a focus of ongoing 
research. We have used a sensitive rodent model of Litomosoides 
sigmodontis, for compound screening, which allows us to quickly 
provide initial evidence for in vivo efficacy. In this model, combinations of 
registered antibiotics were tested. Administration of rifamycins (Rifampin 
or Priftin® /rifampicin or rifapentine) in combination with doxycycline for 7 
days successfully depleted Wolbachia by > 2 log (99% reduction) and thus 
resulted in a significant reduction of the treatment duration. Using a triple 
combination of a tetracycline (doxycycline or minocycline), a rifamycin 
and a fluoroquinolone (moxifloxacin) given ip led to an even greater 
shortening of the treatment time to approx. 4 days. Both alone or in the 
triple combination rifapentine showed superiority to rifampicin. Reduction 
of treatment time was similar when administration was by oral gavage 
instead of ip. Testing all double combinations that could be built out of the 
triple combinations revealed that the combination of rifapentine (15mg/
kg) and moxifloxacin (2 x 200mg/kg) showed the best efficacy. For both 
administration routes (oral or ip) it could be proven that the rifapentine 
plus moxifloxacin combination was equivalent to the triple combination 
(>99% Wolbachia reduction). These investigations suggest that it may be 
possible to shorten anti-wolbachial treatment times to 7 days or less in 
humans, in accordance with the currently favoured TPP for macrofilaricidal 
drugs.

645
TYLOSIN ANALOGS AS ANTI-FILARIAL AGENTS, PART B: PRE-
CLINICAL EVALUATION IN RODENT MODELS OF LYMPHATIC 
FILARIASIS AND ONCHOCERCIASIS”

Joseph D. Turner1, Louise Ford1, Hayley Tyrer1, Hanna Sjoberg1, 
Joanne Gamble1, Darren Cook1, Thomas Von Geldern2, Kennan 
Marsh3, Samuel Wanji4, Stephen Ward1, Dale Kempf3, Mark J. 
Taylor1
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Onchocerciasis and lymphatic filariasis (LF) are priority neglected tropical 
diseases targeted for elimination. The causative agents of LF and 
onchocerciasis harbor a symbiotic endobacterium, Wolbachia. Targeting 
Wolbachia with doxycycline has delivered curative outcomes and is safe 
to administer in loiasis co-infection. Contraindications and long treatment 
courses required for efficacy limit doxycycline scale-up for widespread 
programmatic use. Orally bioavailable analogs of the veterinary antibiotic, 
tylosin A (TylA): A-1535469 and A-1574083, are potent anti-Wolbachia 
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agents in vitro, with promising pharmacokinetic profiles. We tested 
the anti-Wolbachia effect of TylA analogs in rodent models of LF and 
onchocerciasis. During Brugia malayi intraperitoneal filarial infections 
of mice, oral A-1535469 and A-157083 effectively depleted Wolbachia 
from larval tissues. Testing at 50 mg/kg, A-1535469 dosing for 14 days 
mediated comparable anti-Wolbachia efficacy to parenteral TylA and 
superior activity compared to doxycycline (99.3% vs 98.3%, P<0.001). 
Seven day dosing of A-1535469 or A-1574083 induced 99.3% and 
98.8% reductions in Wolbachia, both superior to 7-day doxycycline 
treatment (27.6%, P<0.001). Against pre-fecund B. malayi female worms, 
A-1535469 administered for 14 days at 50 mg/kg or 7 days at 250 mg/kg 
mediated equipotent Wolbachia depletion compared with 28-day dosing 
with the second generation tetracycline, minocycline, (90% vs 93% and 
98.3% vs 95.5%, respectively). In gerbils, A-1574083 dosed for 14 days 
at 10 or 50 mg/kg were equipotent to 21 day high-dose doxycycline (200 
mg/kg) in depletion of Wolbachia from mature female B. malayi (99.4 / 
99.8% vs 99.1%). Further, 50 mg/kg dosing of A-1574083 significantly 
depleted microfilariae compared with control infections (99.64% 
reduction, P=0.039). In conclusion, orally bioavailable TylA analogues can 
achieve >90% Wolbachia depletion in vivo following 7-14 day dosing, 
a threshold validated as predictive of curative outcome in both human LF 
and onchocerciasis. ‘TylAMac’ compounds are now being advanced into 
full-scale pre-clinical development.

646
BUSINESS TRAVEL AND ILLNESS: ANALYSIS OF DATA FROM 
THE GEOSENTINEL SURVEILLANCE NETWORK
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Patricia Schlagenhauf5, Eli Schwartz6, Michael Libman7, Bradley A. 
Connor8, Marc Mendelson9, Philippe Parola10, Effrossyni Gkrania-
Klotsas11, Susan MacDonald12, Anne McCarthy13, Marc Shaw14, 
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There are ≥150 million international business trips annually; business 
travelers represent 14-21% of travelers reported in the literature. Illness 
in business travelers has economic consequences for both employee and 
employer. We used data from the GeoSentinel Surveillance Network to 
describe health problems in business travelers seen at GeoSentinel clinics 
in 26 countries. Specifically, we describe the demographics of business 
travelers evaluated after travel, review their illnesses and severity based 
on hospitalization, and determine prominent diagnoses. From 1997 
through 2014, a total of 14,041 business travelers presented with a 
travel-related illness to a GeoSentinel clinic (16,697 total diagnoses). The 
vast majority (94%) were adults aged 20-64 years; most (75%) traveled 
from Western Europe or North America, and two-thirds were male. Most 
(86%) were seen as outpatients. Fewer than half (44%) reported a pre-
travel encounter. Frequent regions of exposure were sub-Saharan Africa 

(33%), Southeast Asia (13%), South Central Asia (13%), South America 
(6%), and North East Asia (6%). The most frequent diagnoses were 
acute unspecified diarrhea (7%), viral syndrome (5%), acute bacterial 
diarrhea (4%), chronic unknown diarrhea (4%), and falciparum malaria 
(4%). Species was specified for 933 (84%) of 1116 malaria patients and 
included 657 Plasmodium falciparum, 177 P. vivax, 52 P. ovale, 29 P. 
malariae, 1 P. knowlesi, and 17 with two species. Of 598 (54%) with 
chemoprophylaxis information, 92% took none or incomplete courses. 
Also underestimated, 17 malaria cases were drug resistant. Over half of 
malaria patients were hospitalized. There were 116 patients with severe 
malaria. Sixteen deaths occurred in business travelers, of which 8 were 
from malaria. Our analysis identifies gastrointestinal diagnoses as the most 
common problems related to business travel and raises concern for malaria 
in business travelers, including death and acquisition of resistant strains. 
These results indicate the need to promote pre-travel health through 
public health messages as well as for improved messages regarding safe 
food and drinks, and malaria prevention.

647
TRENDS IN IMPORTED INFECTIONS IN THE UNITED 
KINGDOM: 2000-2015

Michael E. Marks1, Margaret Armstrong2, Christopher Whitty1, 
Justin F. Doherty2
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2Hospital for Tropical Diseases, London, United Kingdom

We established a prospective database to capture all admissions with 
tropical infections at a large tertiary referral infectious diseases and tropical 
medicine unit in the United Kingdom. The database allows analysis 
of cause and length of admission, region of travel and time between 
travel and admission. We will present data on over 2,200 consecutive 
admissions, from almost 2,000 patients between August 2000 to February 
2015. Between them these admissions resulted in 12,962 bed days. 
Falciparum malaria was the single commonest reason for admission (n = 
1,115, 50.1%) but contributed only 30.5% of the total number of bed 
days. Conversely leishmaniasis and leprosy were the reason for admission 
in only 269 (11.9%) and 106 (4.7%) patients respectively but contributed 
27.4% and 12.3% of the total number of bed days. Although the total 
number of cases of malaria in the United Kingdom remained steady, the 
number of admissions at our site fell significantly over the study period 
from an average of 120 cases per year between 2001 to 2004 to only 34 
cases a year between 2011-2014, Africa was the most common region 
of travel (n=1,303, 57.4%), followed by Asia (n=419, 18.5%) and the 
Americas (n=242, 10.7%). As expected the majority of falciparum malaria 
arose following travel to West Africa (n=726) followed by East Africa 
(n=247). Falciparum malaria (84.9%), enteric fever (5.3%) and dengue 
(6.5%)were the most common presentation in individuals presenting 
within 3 months of travel. In patients presenting more than 3 months 
after travel, chronic conditions, in particular leishmaniasis (57.8%), non-
falciparum malaria (12.6%), leprosy (9.4%), and neurocystericosis (8.2%) 
were more common. These data, collected prospectively over almost 15 
years, represent the most comprehensive data available on the trends 
in imported infections seen in the United Kingdom and will help be of 
value to all clinicians in high income settings involved in delivering care to 
returning travellers.
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TREATMENT OF MODERATE OR SEVERE ACUTE WATERY 
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Standard guidelines recommend the use of antibiotics and loperamide for 
self-treatment of moderate or severe travelers’ diarrhea (TD). However, 
recent data suggests that the use of antibiotics during travel may be 
associated with acquisition of extended spectrum-beta-lactamase 
producing gram negative rods, suggesting the need for judicious use 
of antibiotics for self-treatment. We evaluated the effectiveness of 
loperamide alone, versus antibiotics with or without loperamide for 
self-treatment of moderate or severe acute watery diarrhea (MS-AWD). 
Travelers presenting to 4 US military travel clinics were prospectively 
enrolled. Participants completed a diary, post-travel survey and follow-up 
surveys documenting any diarrhea during travel, self-treatment taken, 
duration of symptoms, and symptoms of irritable bowel syndrome 
(IBS). Standard definitions were used to assess for MS-AWD and IBS. 
We compared the duration of diarrhea in days and clinical cure at 72 
hours among travelers who took loperamide alone vs. antibiotics alone 
or antibiotics plus loperamide for MS-AWD. 2232 participants were 
enrolled between 2010 and 2015, of whom 204 met criteria for MS-
AWD and completed the diary/survey. The median number of stools 
during a 24 hour period was 4 stools (IQR: 3-7 stools); 48 participants 
used no self-treatment, 48 used loperamide alone, and 108 used either 
antibiotics alone or in combination with loperamide for self-treatment. 
No difference in the duration of diarrhea (1.1 days vs. 1.5 days) or 72 
hour cure rate (90% vs. 90%) was observed among participants who 
used loperamide alone, vs. antibiotics alone or in combination with 
loperamide. There was no significant difference in the incidence of PI-IBS 
at 12 months (7.7% [2/26] vs. 5.3% [3/57]) between the two treatment 
groups. Loperamide alone was as effective as antibiotics with or without 
loperamide in shortening the duration of MS-AWD, in this observational 
pilot study based on self-reported symptom duration. This suggests that 
using loperamide alone for MS-AWD may be a reasonable option. Further 
effectiveness studies aimed at judicious use of antibiotics during travel are 
needed.
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GASTROINTESTINAL POLYPARASITISM: POTENTIAL IMPACT 
ON HOST RESPONSE AND PERSISTENCE OF INFECTIONS
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Maritza Vaca2, Martha Chico2, Sophia Loor2, Peter Hotez1, Philip J. 
Cooper2, Rojelio Mejia1
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Over 30% of the human population is infected with gastrointestinal 
parasites. Quantitative Real-Time PCR (qPCR) has allowed for easier 
detection of helminth and intestinal protozoa co-infection. Co-infection 
can alter the host immune response. Protozoa stimulate a T-helper cell-
1 (Th1) polarized response and helminths stimulate a polarized Th2 
response. The immune response to one parasite may directly influence 
the immune response to another parasitic infection and alter clearance 
of infection. We hypothesized that co-infected children with intestinal 

helminth (Ascaris lumbricoides) and protozoa (Giardia lamblia) would 
have evidence of Th2 cytokine polarization with a reduction in Th1 
cytokines compared to singly infected children with either Ascaris or 
Giardia. Fecal and plasma samples were collected from 39 randomly 
selected 3 year-old asymptomatic children living in Ecuador of whom 11 
children infected only with G. lamblia, 7 with only A. lumbricoides, 
13 with both A. lumbricoides and G. lamblia, and 8 with no parasites 
(controls). Parasitic infections were detected using qPCR of stool samples. 
Plasmas were used to measure cytokines using BioRad Luminex MagPix. 
Children with co-infections had a significantly increased IL-10/IFN-γ ratio 
compared to uninfected controls (0.48 vs. 0.16, p < 0.05) and compared 
to Ascaris only infections (vs. 0.17, p < 0.05) and a non-significant 
increase compared to Giardia only infections (vs. 0.26, p = 0.09). Children 
with co-infections compared to those with Giardia only infections had 
significantly reduced levels of Th1 cytokines (IL-2 [3.83 vs. 8.08 pg/mL; 
p < 0.05], IL-12 [4.72 versus 14.89 pg/mL; p < 0.05], TNF-α [1.52 versus 
2.58 pg/mL; p < 0.05]). Our data provide evidence that children with co-
infections (i.e. A. lumbricoides and G. lamblia) have reduced plasma 
levels of Th1 cytokines and relatively increased levels of the immune 
regulatory cytokine, IL-10. An increase in immune regulation in the 
context of reduced Th1 responsiveness associated with ascariasis may be 
permissive to chronic carriage of intestinal protozoa such as Giardia.
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TREATMENT OF FEBRILE ILLNESS IN KENYAN CHILDREN
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In low resource settings where malaria is prevalent, accurate diagnosis 
of the etiology of febrile illness in children can be challenging. The WHO 
currently recommends laboratory-confirmed diagnosis of malaria, if 
available, prior to starting antimalarials in patients who are stable. Given 
the increasing prevalence of other febrile illnesses such as dengue and 
chikungunya viruses, plus ongoing high risk of bacterial infections such 
as diarrheal illness and pneumonia, we chose to investigate trends in 
clinical practice in four Kenyan hospitals. These hospitals rely on clinical 
assessment and blood smears for malaria to differentiate illness and 
determine management in children who present with febrile illness. This 
study examined factors present on presentation in a cohort of acutely 
febrile Kenyan children at 4 hospital sites over a 33 week period. Clinical 
officers at each site completed a comprehensive intake form for each child 
including components of history, physical exam, malaria smear results, 
diagnosis and treatment. We examined the correlation of malaria smear 
results and diagnosis with treatment. In a cohort of 598 febrile children, 
preliminary data indicates that 56.8% (95% CI 51.2-62.2%) of those with 
a negative malaria smear were given a primary diagnosis of malaria. Of 
patients who were malarial positive with no additional viral or bacterial 
diagnosis, 30% (95% CI 23.2-37.8%) were given antibiotics. Of patients 
who were malaria smear negative and diagnosed with viral illness, 70.6% 
(95% CI 64.1-76.3%) were given antibiotics. In a cohort of acutely ill 
Kenyan children, malarial test results and diagnosis did not correlate over 
half of the time. In addition, antibiotics were given to a large percentage 
of cases diagnosed with either malarial or viral illness. More thorough 
investigation, including qualitative analysis on the principles, practices, 
and knowledge of these clinical officers is needed to understand if there 
are discrepancies between evaluation and appropriate treatment of these 
children in a resource-poor setting. Further analysis is needed to examine 
various factors that influence management decisions.
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COMATOSE MALAWIAN CHILDREN: A RETROSPECTIVE CASE-
CONTROL STUDY
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Coma is a common clinical presentation for critically ill children in sub-
Saharan Africa, where major differential diagnoses include cerebral 
malaria, viral encephalitis, and bacterial and tuberculous meningitis. 
Lumbar puncture (LP) is a crucial diagnostic test to distinguish between 
these etiologies and determine optimal treatment. However, clinicians 
may be hesitant to perform an LP due to concerns of precipitating 
herniation and death, particularly in environments where pre-procedure 
neuroimaging is unavailable. This concern may be compounded by a 
recent major study demonstrating that substantial brain swelling occurs 
in children with cerebral malaria and is strongly associated with fatal 
outcome. We performed a retrospective case-control study of the safety 
of LP in comatose Malawian pediatric inpatients recruited over consecutive 
rainy seasons from 1999-2013. Our goal was to assess whether 
performing an LP changed the odds of mortality within the first 12 hours 
after the procedure. Propensity score matching was used to estimate the 
independent effect of LP on outcome. Nine hundred thirty-three children 
were in coma and had data on all key covariates, of which 718 (77%) had 
an LP and 215 (23%) did not. Following propensity score matching, all 
baseline characteristics were balanced between matched pairs of children 
who did and did not have LPs. After matching, 12 hour mortality was 
not significantly different between children who did and did not receive 
lumbar punctures (average treatment effect of receiving an LP was to 
reduce mortality by 5.3%; 95% CI: -1.1% to 11.6%; P=0.11). Logistic 
regression, stratification on propensity scores, and inverse probability 
weighting analyses all showed a trend towards a lower mortality in the 
group that received an LP. In our study population of African children in 
coma, performing a diagnostic LP in the absence of prior neuroimaging 
was not associated with increased mortality risk.
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CURRENT BURDEN OF LIVER ABSCESS AND FACTORS 
AFFECTING PATIENT SURVIVAL IN THAILAND: NATIONWIDE 
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We aimed to evaluate the burden of liver abscess in Thailand, using 
information from the 2009-2013 Nationwide Hospital Admission Data, 
the National Health Security Office (NHSO), Thailand. All patients with 
a primary diagnosis of pyogenic liver abscess and amoebic liver abscess 
(ICD10-K750, A064) were included. Epidemiological data, baseline 
characteristics, hospital course and survival were analyzed. 11,296 
admissions comprised of 8,423 patients from 844 hospitals across Thailand 
were eligible for analysis. The mean age was 52±17 years and 66.1% of 
patients were male. Most pyogenic liver abscess patients were from the 
northeastern part of the country (3,157/7,975, 39.6%), and patients with 
amoebic liver abscess were mostly from the south (205/448, 45.8%). The 

highest incidence of liver abscess occurred in the rainy season (June to 
November, p<0.01). The median length of hospital stay was 8 days (IQR 
4 to 13 days), and mean cost of hospitalization was 846±1,574 USD. 
The overall in-hospital mortality rate was 2.8%. Etiology of pyogenic liver 
abscess could be determined in 1,029 cases. Most common pathogens 
causing pyogenic liver abscess were Burkholderia pseudomallei 
(56.5%), Klebsiella pneumonia (22.2%), and Escherichia coli (10%). 
Of these, E. coli posed the highest risk of in-hospital mortality (HR 3.38; 
95% CI, 1.69-6.76; p=0.001). HIV infection was found to be one of 
the most significant comorbidities associated with increasing in-hospital 
mortality (HR 6.57; 95% CI, 3.81-11.33; p<0.001). Overall long-term 
survival was significantly higher among patients with amoebic liver 
abscess compared to pyogenic liver abscess (HR 0.54; 95% CI, 0.42-0.68; 
p<0.001). Incidence of amoebic liver abscess decreased over the five-year 
study period, while incidence of pyogenic liver abscess increased (p<0.01). 
Treatment outcomes did not significantly change (p=0.68) but the cost of 
treatment gradually increased over the five-year period (p<0.01). Direct 
cost of hospitalization was estimated to 10 million USD. The burden of 
liver abscess remains a public health problem in Thailand, with an overall 
mortality rate of 2.8%.
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COMMUNITY BARRIERS FOR THE IMPLEMENTATION OF 
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GAMBIA
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With some countries in Sub-Saharan Africa documenting a decline 
in malaria transmission, the feasibility of Mass Drug Administration 
(MDA) for malaria elimination is being reconsidered. For this strategy 
to work, participation of the target population in excess of 80% is 
needed. Hence, understanding community perceptions of MDA and 
response to the intervention is fundamental to ensure its effectiveness. 
This anthropological study is ancillary to a study aiming to understand 
the heterogeneity of malaria transmission in the Gambia. Within this 
study, MDA took place before the rainy season in 12 villages throughout 
the Gambia. Research was carried out during the MDA and its direct 
aftermath. Several barriers were identified that influenced the uptake of 
and adherence to MDA:(i) long and short-term mobility of individuals and 
groups; (ii) perceived adverse drug reactions and related rumors, (iii) size 
and taste of the medication, (iv) waiting time and (v) public pregnancy 
tests to exclude pregnant women. MDA refusers often did not attend the 
sensitization meetings and misinterpreted essential information about the 
MDA. Personal characteristics of the distribution team and the level of 
trust between this team and locals were key factors for participation and 
adherence. Although community involvement was aimed for during this 
trial, the lack of active involvement in the set-up of the trial extravagated 
internal frictions within communities and may have led to refusal to 
participate or lack of adherence to the medication Formative research 
may be a useful approach when developing and implementing new 
interventions as it allows for the identification of potential constraints 
and enabling factors at community level. By taking into account local 
perceptions about the roll-out of MDA, treatment preferences and 
rumors caused by perceived side effects and internal divisions within local 
communities, the implementation of trials may be improved and internal 
conflicts enhanced by MDA procedures prevented.
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Antimalarial treatment is key for clearing Plasmodium infections, which 
can persist for months. We studied treatment-seeking in southern Malawi 
to assess the proportion of the infectious reservoir that seeks and obtains 
treatment. School-aged children (6-15 yrs) have the highest infection 
prevalence in this area. Each of four cross-sectional surveys over two years 
included ~3,000 people from 900 households. All members were asked 
about fever and treatment-seeking in the past two weeks; those present 
had blood sampled for PCR testing for P. falciparum. Multilevel logistic 
regression was used to analyze predictors of whether febrile people sought 
treatment, did so at government/private clinics vs. other sources (shops, 
community health workers, etc.), and reported taking antimalarials. Of 
12,652 interviewed, 87.1% reporting recent fever sought treatment, but 
the proportion decreased with older age. School-aged children and adults 
(≥16 yrs) were less likely to attend government/private clinics than young 
children (≤5 yrs). Antimalarial use was more common among febrile people 
who visited government/private clinics (42.5%) than those going to other 
sources (7.9%), with diagnostic testing performed on 47.5% of people 
at government/private clinics and only 2.8% at other sources. These 
treatment patterns may contribute to high infection prevalence in school-
aged children. Afebrile people rarely sought treatment (5.5%); of 1,616 
people who were PCR-positive for P. falciparum when interviewed, only 
24.4% sought treatment in the past two weeks. Of people who sought 
treatment but did not receive antimalarials, 6.9% from government/
private clinics and 16.8% from other sources were PCR-positive for P. 
falciparum when surveyed. Treatment of symptomatic malaria is common 
in southern Malawi, but current practices miss a substantial portion of 
human infectious reservoirs. Encouraging treatment at government/private 
clinics, especially among school-aged children, could help reduce the high 
prevalence in this group and potentially decrease transmission; additional 
intervention will be needed to address the asymptomatic reservoir.
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EVALUATING HIGH-RISK VENUE-BASED MALARIA 
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While Namibia has experienced a rapid decline in reported malaria cases, 
from 538,512 cases in 2001, to 3163 cases in 2012, low transmission 
persists in the north of the country. As part of efforts to eliminate malaria 
by 2020, targeted active surveillance strategies are being evaluated to 
identify risk factors and undiagnosed and asymptomatic infections, which 
may serve as a reservoir driving ongoing transmission. We developed a 
novel active, venue-based surveillance strategy to target individuals who 
congregate outdoors or partially outdoors at specific locations (“venues”) 
during evening and morning mosquito biting hours. Venues were selected 
within the catchment areas of 6 randomly selected health facilities in 

the Zambezi Region, which borders Zambia and Angola. Focus groups 
and interviews were conducted with community members to develop an 
exhaustive map of venues in the selected areas, estimate peak attendance 
times, and elicit recommendations on study design. Mapping identified 24 
shabeens (bars), 6 churches, and one fishing camp with regular evening 
or morning attendance. Drawing on these findings, a sample frame of 
venue-day-time intervals (VDTs) was constructed. Local field teams visited 
randomly selected VDTs and recruited a random selection of 750 venue-
goers over a 2 month period. Study participants completed an interviewer-
assisted survey, provided dried blood spot samples, received testing by 
RDT, and treatment if positive. In this presentation we discuss the feasibility 
of this active surveillance strategy by exploring participation rates, self-
reported venue attendance patterns, prevalence of infection by RDT 
and PCR, and socioeconomic and behavioral risk factors. Estimates were 
adjusted for probability of selection and clustering by VDT. Prevalence of 
infection and risk factors are compared to a contemporaneous household 
survey of 10% of households in the same catchment areas. These 
methods provide a potentially simple surveillance strategy for accessing 
individuals at high risk of malaria transmission who may be missed by 
household level surveillance.
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Reactive case detection (RACD), whereby household members and 
neighbors of passively-detected malaria cases are screened for infection, 
is a WHO-recommended strategy for malaria elimination, however there 
are limited data to guide practice, particularly from mixed Plasmodium 
species settings. We introduced the use of molecular detection for RACD 
of malaria in Aceh Besar District, Aceh Province, Indonesia and compared 
infection detection to currently used RACD practices based on microscopy. 
Microscopy-confirmed index cases identified at five sentinel health facilities 
received a follow-up investigation in their home, and family members 
and neighbors were targeted for blood testing by microscopy and the 
collection of dried blood spots for testing by high sensitivity Plasmodium-
specific loop-mediated isothermal amplification (LAMP). From June 2014 
to March 2015, we enrolled 21 index cases which led to the screening of 
778 household members and neighbors (median 38/index case, mean 35/
index case). Positivity rate by microscopy was 0.4% (3/778) versus 0.6% 
(5/778) by LAMP (p=0.16), with LAMP detecting 1.5 fold more infections 
than microscopy alone. Compared to passive surveillance alone, whereby 
21 cases were identified, RACD using microscopy increased the detection 
of infections by 1.1 fold, and RACD using LAMP increased the detection 
of infections by 1.2 fold. Of the five additional infections found by slide 
and/or LAMP from RACD, speciation by species-specific PCR showed 1 
Plasmodium falciparum, 3 P. vivax, and 1 P. knowlesi. The speciation 
for three infections (1 Pf, 1 Pv and 1 Pk) matched that of the index case 
infection and two did not (1 Pv was associated with a Pf index case and 
1 Pv was associated with a Pk index case). Although the difference was 
not significant, RACD using LAMP, compared to RACD using microscopy, 
increased the detection of infections in a low transmission, mixed 
Plasmodium species setting. The study is ongoing and further enrollment 
of subjects may strengthen findings and potentially show declines in 
incidence.
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Health facility based, passive case detection surveillance systems have been 
in place in Zanzibar since 2007. Spatial analysis of this data revealed foci 
of clinical malaria cases which were present every transmission season. In 
order to investigate why these areas consistently record higher numbers 
of malaria cases, a cross-sectional Knowledge, Attitudes, Practices and 
Behaviour (KAPB) study was undertaken in all 30 hotspot villages (N of 
households=1,036), as well as from 30 randomly selected control villages 
(N of households=1,117). In order to determine current prevalence all 
household members were tested using rapid diagnostic test (RDT) or 
RDT and loop-mediated isothermal amplification (LAMP), to assess the 
proportion of low-density parasitemias present. Entomological indices 
were also collected. Analyses are still ongoing. Prevalence of infection 
was low (0.3% by RDT, 1.6% by LAMP) and did not differ in hotspots and 
controls. Preliminary results show that 60% of study participants reported 
sleeping under a net the previous night. Coverage and usage of nets did 
not differ between hotspot villages and controls. Households in hotspot 
villages were more likely to have been sprayed in the previous 6 months 
(55% compared to 31%, p<0.001), highlighting the targeted nature of 
spray campaigns in Zanzibar. People living in hotspot villages were more 
aware of malaria (transmission season, symptoms, causes) but appeared 
to have less faith in the protective effect of sleeping under nets and 
were more likely to wait more than 2 days before presenting to a health 
facility with a fever (p=0.02). More Anopheline mosquitoes were found 
in hotspot households than controls, with outdoor biting prominent in 
both. Examining KAPB of residents living within malaria foci may help 
to elucidate reasons for the higher burden of infection and subsequently 
enable interventions to be adapted or targeted as required.
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WHEN SUSTAINABILITY FAILS: THE IMPACT ON ELIMINATION

Rajendra Maharaj, Natashia Morris
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As many countries now target elimination of malaria, whole regions 
are harmonising policies and regimens in order to present a united 
front in pushing back the frontiers of malaria distribution. This is most 
apparent in southern Africa where a number of multi-country initiatives 
are in place to increase the pace for elimination. The Lubombo Spatial 
Development Initiative (LSDI) was one such initiative. It aimed to accelerate 
socio-economic development in parts of South Africa, Swaziland and 
Mozambique but malaria was an impediment to this goal and the LSDI 
malaria control component was established. During its lifetime, the LSDI 
achieved remarkable results but unfortunately the programme was not 
sustainable and terminated after 12 years, affecting the elimination efforts 
in South Africa and Swaziland. To examine the impact of this failure in 
sustainability, retrospective data from the LSDI era was compared to 
current data (when no LSDI initiatives were implemented). Indoor Residual 
Spray (IRS) coverage gave an indication of the effectiveness of the vector 
control intervention in place. Impact was measured as the parasite 
prevalence rate in Mozambique and the incidence rate in South Africa 
and Swaziland. During the life of the LSDI, there was a rapid decline in 

prevalence in Mozambique from an average prevalence of 70% in 2000 
to 5% in 2010. The area under control increased and the IRS implemented 
was at a high rate of coverage. In South Africa and Swaziland, the 
incidence of malaria also decreased by 98% within 3 years. When IRS was 
no longer implemented in Mozambique, the malaria cases rose from 5% 
up to 14% in three years and the incidence increased to >1% in districts 
of Mpumalanga and Limpopo Provinces. In South Africa and Swaziland, 
imported malaria increased and resulted in focal outbreaks of malaria. 
Malaria cases decreased when IRS was implemented in a co-ordinated 
manner. However when the interventions were no longer applied, the 
malaria cases reached the same level as pre-intervention prevalence. 
Failure of control in one country can hamper the elimination agenda of 
surrounding countries.

659
REACTIVE CASE DETECTION WITH TARGETED MASS 
DRUG ADMINISTRATION FOR MALARIA ELIMINATION IN 
NORTHWESTERN PERU

Fernando A. Quintana1, Elke L. Mendoza1, Rommel V. Gonzales1, 
Juan Arrasco2, Yenny O. Herrera3, Antonio M. Quispe4

1Epidemiology General Directorate, Tumbes, Peru, 2Dirección Ejecutiva de 
Vigilancia Epidemiológica, Dirección General de Epidemiología, Lima, Peru, 
3Dirección de Saneamiento Básico, Higiene Alimentaria y Zoonosis, DISA 
Lima Sur, Lima, Peru, 4Johns Hopkins Bloomberg School of Public Health, 
Lima, Peru

Reactive case detection (RCD) with targeted mass drug administration 
(tMDA) has been proposed as an effective strategy for malaria elimination, 
although little is know about its effectiveness. In this study, we estimated 
the effectiveness attributable to RCD/tMDA as compared to passive 
case detection (PCD) on reducing the incidence of malaria to zero in 
Tumbes, Peru. During years 2009-2010 we piloted a malaria-elimination 
programme based on RCD/tMDA in the two most malaria-endemic 
districts in Tumbes; then, during years 2011-14 we scaled up to the 
other 11 districts in Tumbes. Under RCD/tMDA every malaria case that 
was detected passively was followed within the first 24 hours to census 
and treat each of his/her household contacts, excluding elders, pregnant 
women, and chronically-ill subjects. Then each eligible subject was treated 
with chloroquine (25mg/kg, total dose) over 72 hours plus primaquine 
(0.5mg/kg) taken orally for 7 days. The primary study endpoint was a 
50% reduction in the annual parasite incidence (API = total malaria cases/ 
1,000 inhabitants) at the surveillance-reporting units level, analyzed by 
intention to treat. The Peruvian Ministry of Health sponsored the study 
and the Ecuadorian government donated 20,000 vivax malaria treatments. 
During the pilot study we treated a total of 8,243 subjects, including 
7376 household contacts. The estimated reduction in the mean API 
across intervened and non-intervened reporting units was 86.2% (95% 
CI 72−100) at 12-mo and 97.9% (93−100) at 24 months, and -230.9% 
(95% CI -395−-66) at 12-mo and -19% (-87− 49) at 24-mo, respectively. 
When comparing those mean API reductions we found that in both cases, 
at 12-mo (p=0.02) and at 24-mo (p=0.04) the differences were statistically 
significant. Any antimalarial adverse events were reported during study 
period. After scaling up, the APIs dropped to 3.1 and 0.4 in years 2011 
and 2012, with zero cases in year 2013, and one imported case in year 
2014. Hereby, we concluded that RCD/tMDA represent an effective 
strategy to support malaria elimination initiatives in region with high 
predominance of vivax malaria such in northwestern Peru.
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RATS FOR SALE: INVESTIGATING THE SCOPE AND PUBLIC 
HEALTH CONSEQUENCES OF RODENT CONSUMPTION IN 
NORTHERN VIETNAM

Thinh D. Nguyen1, Duoc Vu Trong1, Sinh Vu Nam1, Chi Nguyen 
Yen2, Karen Saylors3, Heiman Wertheim2, Juliet E. Bryant2

1National Institute Hygiene and Epidemiology, Hanoi, Vietnam, 2Oxford 
University Clinical Research Unit, Hanoi, Vietnam, 3Global Viral, San 
Francisco, CA, United States

In Vietnam, rodents are frequently trapped on rice fields before and after 
harvesting and are sold live in wet markets for food consumption. The 
rodent trade in the southern Mekong Delta is vigorous, with an estimated 
3300-3600 tonnes of rodent meat sold per year. We hypothesize the 
presence of significant regional differences in rodent trade between 
northern and southern Vietnam, reflecting differences in rodent density, 
rodent species diversity, seasonality, culinary traditions, and variable risk 
perceptions. As part of a larger study on zoonotic disease transmission at 
the human-animal interface in Vietnam, we have conducted a systematic 
survey of wet markets in the northern province of Hanoi, to identify sites 
where rodents are sold for human consumption; determine the common 
species sold in markets, and estimate the volume of trade; characterize 
seasonality and fluctuations in rodent trade over the course of one year; 
and to obtain samples from epidemiologically linked humans and rodents 
for further molecular and serological analysis of microbial ecology. To 
date, although our results from various study sites in Vietnam confirm 
low-to-moderate levels of endemic circulation of rodent-borne viruses and 
bacterial agents (e.g. hantaviruses, flaviviruses, parechovirus, Bartonella, 
Leptospira), there is little evidence to suggest a public health risk 
associated with rodent meat consumption. These ongoing investigations 
and analyses will be discussed.

661
ANTHROPOGENIC DISTURBANCE, SPECIES DIVERSITY AND 
RISK OF RODENT-BORNE DISEASES IN MADRE DE DIOS, 
PERU

Catherine Dupont1, M. Claudia Guezala1, Gabriela Salmon-
Mulanovich1, Christian B. Albujar1, Victor Pacheco2, Valerie 
Paz-Soldan3, Stella Hartinger4, Lineth Garcia5, Philip Cooper6, 
Xiangming Xiao7, A. Townsend Peterson8, James Mills9, Daniel G. 
Bausch3

1U.S. Naval Medical Research Unit - 6, Lima, Peru, 2Museo de Historia 
Natural “Javier Prado”, Universidad Nacional Mayor de San Marcos, Lima, 
Peru, 3Tulane School of Public Health and Tropical Medicine, New Orleans, 
LA, United States, 4Universidad Peruana Cayetano Heredia, Lima, Peru, 
5Universidad Mayor de San Simon, Cochabamba, Plurinational State 
of Bolivia, 6Pontificia Universidad Catolica del Ecuador, Quito, Ecuador, 
7University of Oklahoma, Norman, OK, United States, 8University of 
Kansas, Lawrence, KS, United States, 9Emory University, Atlanta, GA, 
United States

Anthropogenic disturbance of natural ecosystems may result in biodiversity 
loss with altered rodent population dynamics and risk of rodent-borne 
disease to humans. Influencing factors include rodent population density, 
environmental conditions and food availability, and human behavior. Here 
we describe the preliminary findings of a 5-year study on the effects of 
anthropogenic habitat perturbation and risk of rodent-borne diseases 
in 4 communities along a highway recently built through the Madre de 
Dios Region in the southern Amazon Basin of Peru. At each site, live traps 
were placed in six 7x7m grids (49 trap stations per grid) selected, with the 
assistance of satellite imagery, to represent varied habitat disturbance: 2 
in non-disturbed forest, 1 in disturbed areas (crop field, pasture or other) 
and 3 in edge areas. Trapping was conducted every 4 months to cover 
dry, rainy and mid-seasons. Blood was taken before marking and releasing 
rodents, with the exception of the last day of trapping, when necropsies 

were performed and organs obtained. From the first 4 trapping sessions, 
a total of 732 animals were captured, of which 129 were recaptures. The 
603 individual rodents captured comprised 10 genera and 16 species, 
including Oligoryzomys microtis (43.4%), Necromys lenguarum 
(10.4%), Euryoryzomys nitidus (10.0%) and Hyaleamys perenensis 
(8.9%). We found E. nitidus more frequently in edge areas (51/75), 
similarly to N. lenguarum (40/78) and O. microtis (250/324), in contrast 
to H. perenensis which was more frequently found in non-disturbed areas 
(42/67). Simpson’s biodiversity indices were higher for edge areas. The 
highest trap success was in the dry season, when scarce food availability 
likely led rodents to extend foraging into traps. Laboratory testing for 
pathogens is underway but, notably, three of the captured rodent species 
have been previously reported to carry hantaviruses. Full results will be 
presented at the meeting.

662
THE EPIDEMIOLOGY OF Q FEVER IN HUMANS AND CATTLE, 
WESTERN KENYA

Nicola A. Wardrop1, Elizabeth A. Cook2, William A. de Glanville2, 
Lian Thomas2, Peter M. Atkinson1, Claire N. Wamae3, Eric M. 
Fevre4

1University of Southampton, Southampton, United Kingdom, 2University 
of Edinburgh, Edinburgh, United Kingdom, 3Kenya Medical Research 
Institute, Nairobi, Kenya, 4University of Liverpool, Liverpool, United 
Kingdom

Evidence suggests that the intracellular bacterial pathogen Coxiella burnetii 
(which causes Q fever) is widespread, with a near global distribution. 
While there has been increasing attention to Q fever epidemiology in 
high-income settings, a recent systematic review highlighted significant 
gaps in our understanding of the prevalence, spatial distribution and risk 
factors for Q fever infection across Africa. This research aims to provide a 
One Health assessment of Q fever epidemiology in western Kenya in cattle 
and humans. A cross-sectional survey was conducted: serum samples 
from 2113 humans and 983 cattle in 416 homesteads were analysed 
for C. burnetii antibodies. Questionnaires covering demographic, socio-
economic and husbandry information were also administered. These data 
were linked to environmental datasets based on geographical locations 
(e.g. land cover). Multilevel regression analysis was used to assess the 
relationships between a range of socio-economic, demographic and 
environmental factors and sero-positivity in both humans and animals. The 
overall sero-prevalence of C. burnetii was 2.5% in humans and 10.5% 
in cattle. Multilevel modelling indicated the importance of several factors 
for exposure to the organism. Cattle obtained from market (as opposed 
to those bred in their homestead) and those residing in areas with lower 
precipitation levels had the highest sero-prevalence. For humans, the 
youngest age group had the highest odds of seroprevalence, variations 
were observed between ethnic groups, and frequent livestock contact 
(specifically grazing and dealing with abortion material) was also a risk 
factor. These results illustrate endemicity of C. burnetii in western Kenya, 
although prevalence is relatively low. The analysis indicates that while 
environmental factors may play a role in cattle exposure patterns, human 
exposure patterns are likely to be driven more strongly by livestock 
contacts. The implication of livestock markets in cattle exposure risks 
suggests these may be a suitable target for interventions.
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MAPPING LEPTOSPIROSIS HOTSPOTS IN FIJI USING 
ENVIRONMENTAL, SOCIOECONOMIC AND LIVESTOCK DATA: 
AN ECO-EPIDEMIOLOGICAL APPROACH TO EMERGING 
INFECTIOUS DISEASE CONTROL

Colleen L. Lau1, Conall H. Watson2, John H. Lowry3, Michael C. 
David1, Mike Kama4, Eric J. Nilles5

1The University of Queensland, Brisbane, Queensland, Australia, 2London 
School of Hygiene & Tropical Medicine, London, United Kingdom, 
3School of Geography, Earth Science and Environment, The University of 
South Pacific, Suva, Fiji, 4Fiji Centre for Communicable Disease Control, 
Suva, Fiji, 5Emerging Diseases Surveillance and Response, World Health 
Organization, Suva, Fiji

Leptospirosis is an emerging infectious disease in the Pacific Islands. In Fiji, 
two successive cyclones and severe flooding in 2012 resulted in outbreaks 
associated with 10% case-fatality. A seroprevalence study was conducted 
in 2013 to better understand environmental drivers of leptospirosis 
emergence in Fiji. Antibodies indicative of previous leptospirosis infection 
were found in 19.4% of 2152 participants (82 communities on the 3 
main islands). Questionnaires and geographic information systems data 
were used to assess risk factors related to individual behavior, exposure to 
animals, socioeconomics, land use, and natural environment. Significant 
individual-level risk factors include male, ethnicity, working outdoors, 
swimming in rivers, and physical contact with rodents. A multivariable 
logistic regression model was able to correctly classify the presence/
absence of previous infection in >80% of participants using only six 
community-level variables: rainfall in the wettest month (OR 1.004 per 
mm, p <0.01); living <100m from a major river (OR 1.46, p <0.01); 
poverty rate (OR 1.46 for the poorest 25%, p 0.03); living in rural area 
(OR 1.75 compared to urban, p <0.01), pigs in community (OR 1.64, p 
<0.01); and cattle density in district (OR 1.03 per head/sqkm, p 0.02). The 
model was used to predict community-level seroprevalence, and produce 
a predictive risk map of leptospirosis for Fiji to identify hotspots and 
inform public health interventions. Predicted community seroprevalence 
was highly correlated with levels observed in the 2013 field study (cor 
coeff 0.73). Leptospirosis transmission in Fiji is complex and multifactorial, 
disproportionately affecting the poorest. Predictive accuracy of the model 
highlights the importance of environmental and socioeconomic drivers of 
transmission. With global climate change, extreme rainfall and cyclones 
are expected to intensify in the South Pacific. Livestock farming and 
commercial agriculture are also expected to increase with population 
growth. These factors could combine to drive increasing incidence of 
leptospirosis if risks are not properly managed and mitigated against.

664
CHAGAS DISEASE EPIDEMIOLOGY AND OUTREACH IN HIGH-
RISK HUMAN AND CANINE POPULATIONS ALONG THE U.S.-
MEXICO BORDER

Sarah Hamer1, Italo Zecca2, Rachel Curtis-Robles1, Ann Millard2, 
Daniel Goldberg1, Cecilia Giusti1, Charles Criscione1, Gabriel 
Hamer1

1Texas A&M University, College Station, TX, United States, 2Texas A&M 
University, McAllen, TX, United States

Chagas disease is a cardiac disease of humans and dogs caused by the 
parasite Trypanosoma cruzi. The disease is most prevalent across Latin 
America in areas where the Triatomine ‘kissing bug’ vectors colonize the 
home. Despite the recognition of established enzootic cycles of parasite 
transmission involving wildlife in the southern United States, the human 
and veterinary health burden of Chagas disease in this area is largely 
unknown, although there are increasing diagnoses in immigrants and 
locally-exposed persons as well as privately-owned, stray, and working 
dogs. With a One Health framework involving collaborators from the 
medical, veterinary, agriculture, architecture, geoscience, and science 

colleges, we studied the epidemiology of Chagas disease in medically-
underserved human and canine populations in the south Texas colonias. 
Colonias are impoverished communities along the US-Mexico border that 
lack some of the most basic living necessities, such as sewer systems, 
electricity, and sanitary housing, and may therefore be at high risk for 
vector exposure. During the summer activity season of kissing bugs, we 
conducted a cross-sectional study to determine the associations among 
human and animal infection, vector occurrence, and socioeconomic 
and environmental features. We collected human and canine blood 
samples in four colonias using a door-to-door approach that also allowed 
the opportunity for characterization of the peridomestic environment. 
Additionally, we implemented a kissing bug citizen science program 
including a new kissing bug mobile app, given the widespread use of 
smart phones in these communities, to empower the public with Chagas 
disease knowledge while allowing them to submit kissing bugs for 
identification and testing. Preliminary data from the area indicate over 
6% of local dogs arriving at the major animal shelter in the region were 
exposed to T. cruzi. Our citizen science program has resulted in over 2,000 
bugs submitted across Texas, characterized by >60% infection prevalence. 
Key findings, including risk factors for human and canine T. cruzi infection 
will be presented.
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HAS RIFT VALLEY FEVER VIRUS EVOLVED TO INCREASED 
VIRULENCE IN HUMAN POPULATION AFTER EXISTENCE FOR 
A CENTURY IN EAST AFRICA?

Marycelin M. Baba1, Jandouwe Villinger2, Rosemary Sang2, 
Daniel Masiga2

1University of Maiduguri, Maiduguri, Nigeria, 2International Centre of 
Insect Physiology and Ecology, Nairobi, Kenya

Rift Valley Fever (RVF) outbreaks have occurred across East African 
countries from 1912 to 2010 in cycle of 4-15 years. RVF virus becomes 
enzootic/endemic once it is introduced into a certain permissive ecologies, 
causing periodic outbreaks with the potential to spread further to non-
endemic/enzootic environments with favorable conditions. In Kenya, of 22 
RVF outbreaks from 1912 to 2007, 14 were national affecting 3 -38/69 
districts while 8 were localized to 1 - 2/69 districts. Unlike other parts of 
Africa, most of these outbreaks were epizootics in early 1900s and were 
not accompanied by significant epidemics in human populations in East 
Africa. However, in 1998, RVF outbreaks in the horn of Africa led to 478 
deaths, followed by further epidemics a decade later, in 2006-2007, 
during which 1,107 human cases were reported with 350 deaths. In 
2008, comparable epidemics occurred in Sudan (698 human cases; 222 
deaths) and Mozambique (412 human cases, 17 deaths). Comparisons 
between isolates from different outbreaks reveal specific genetic mutations 
and reassortments that have diversified RVF virus genomes over the past 
century. Although genetic diversity of RVF virus appears to be low (∼5%), 
these changes in combination with the accumulation of mutational 
changes over the years could have influenced RVF virus host preference 
and virulence in human populations. Factors such as underreporting, lack 
of appropriate diagnostic kits, under-recognition of clinical signs, changes 
in case definitions could have influenced paucity of information on human 
RVF in early 1900s. However, the explosive nature and pronounced RVF 
epidemics in humans in recent decades became so overwhelming to 
attribute the obvious changes to improvement in the above mentioned 
factors. We speculate that the evolutionary diversification of the virus 
could have resulted in distinct lineages with increased and possibly 
increasing virulence and pathogenicity in humans. The emerging infectious 
disease threats posed by the modern RVF virus strains to humans increases 
the potential public health and socio-economic impacts of future RVF 
epidemics.
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RETROSPECTIVE ANALYSIS OF HUMAN-BONOBO ZOONOTIC 
PATHOGEN TRANSMISSION IN THE DEMOCRATIC REPUBLIC 
OF CONGO

Aleah C. Bowie1, Chelsea McMullen1, Raphael Belais2, Claudine 
André2, Fanny Minesi2, Anne-Marie Ngalulua2, Lawrence Park1, 
Anne Rimoin3, Suzanne Kennedy-Stoskopf4, Brian A. Hare1, 
Christopher W. Woods1

1Duke University, Durham, NC, United States, 2Lola Ya Bonobo Sanctuary, 
Kinshasa, Democratic Republic of the Congo, 3University of California, Los 
Angeles, Los Angeles, CA, United States, 4North Carolina State University, 
Raleigh, NC, United States

Forest destruction and the rampant bushmeat trade in the Democratic 
Republic of Congo (DRC) have increased proximity between human 
and African great ape populations. Because humans and great apes are 
genetically similar, known and emerging pathogens can opportunistically 
transmit between hosts in close contact, further endangering remaining 
ape populations and potentially instigating human epidemics that could 
weaken the DRC’s already fragile healthcare infrastructure. Zoonotic 
transmissions are well documented between chimpanzees and humans, 
but few data exist on transmission between humans and bonobos (Pan 
paniscus), To introduce bonobos, found only in the DRC and the least 
studied of the great apes, into the growing body of zoonotic disease 
research, we examined fifteen years of veterinary records from 125 
rescued orphan bonobos rehabilitated at a sanctuary outside the densest 
city in the DRC. Common clinical syndromes described in the records 
included gastrointestinal illnesses, skin infections, and injury. Respiratory 
illness accounted for 52% of the 1,481 reports and 31% of all deaths 
(n=16) since the sanctuary’s inception. In contrast, respiratory illness is 
infrequent among wild bonobo populations with limited human contact. 
Temporal correlations between bonobo and human respiratory outbreaks 
reported through Ministry of Health surveillance from 2006 to 2011 
suggest transmission of respiratory pathogens from humans to bonobos. 
The results of this study have implications for increased safety and 
hygiene practices at rehabilitative sanctuaries to reduce the introduction 
and spread of respiratory pathogens, with larger implications for limiting 
the increasingly inevitable contact between humans and wild bonobo 
populations as the landscape of the DRC continues to change.

667
INNOVATIVE 2-D AND 3-D IN VITRO CULTURING SYSTEMS 
FOR ONCHOCERCA VOLVULUS 

Sara Lustigman1, Nancy Tricoche1, Olena Kolesnichenko1, Judy A. 
Sakanari2, Michael T. Suderman3

1New York Blood Center, New York, NY, United States, 2University of 
California, San Francisco, CA, United States, 3Cell Systems-3D, LLC, 
Kemah, TX, United States

Elimination of Onchocerciasis where mass drug administration with 
ivermectin is not sufficient (loasis co-endemic regions or areas where 
suboptimal responses to ivermectin are observed) will require a drug 
that kills adult Onchocerca volvulus worms (macrofilaricidal drugs). The 
macrofilaricidal drug discovery efforts are limited in part by having access 
to only surrogate filarial adult worms isolated from infected animals (e.g. 
cows: O. ochengi, O. lienalis, O. gibsoni or O. gutterosa; gerbils: 
Brugia malayi, B. pahangi). Thus far, the life cycles of Onchocerca and 
Brugia spp. have not been completed in vitro. At most, partial molting of 
the infective third-stage larvae (L3) to the fourth-stage larvae (L4) has been 
attained in vitro; within a week for O. volvulus and 2 weeks for Brugia. 
To address the lack of access to adult O. volvulus worms, we developed 
a 2-Dimensional (2-D) in vitro monolayer culture and an innovative 3-D 
culturing system that provided supportive microenvironments for the 
growth and development of O. volvulus L3 to the L5 adult female and 
male stages. Four human cell lines (HUVEC, NHEK, HDFB, and HSMC)
supported the growth and development of O. volvulus L3 (~350 µm) to 

female and male L5 worms after 100 days in 2-D cultures. These worms 
ranged in length from 1400-1800 µm and most likely consisted of both 
sexes since male worms are generally shorter in length compared to 
female worms. The 3-D scaffold was made of PET fibers infused with 
NHNDF, MVE and LMVE dermal cells and supported the growth of L3s 
to L5s that were >2,000 µm in length after 100 days. Initial screening of 
repurposed drugs with such L5s demonstrated that these pre-adult O. 
volvulus could be used to identify novel macrofilaricidal drugs. Once the 
culture system is optimized, we anticipate that we will be able to provide 
large quantities of adult O. volvulus worms to routinely screen for novel 
macrofilaricidal drugs and thereby accelerating the drug discovery program 
aimed to support the elimination of onchocerciasis.

668
TRANSCRIPTOMIC ANALYSIS FOR IVERMECTIN-TREATED 
ADULT BRUGIA MALAYI

Cristina Ballesteros1, Lucienne Tritten1, Maeghan O’Neill1, 
Erica Burkman2, Weam Zaky3, Steven Williams3, Jeff Xia1, Patrick 
Flaherty4, Andy Moorhead2, Timothy G. Geary1

1McGill University, Ste-Anne-de-Bellevue, QC, Canada, 2University of 
Georgia, Athens, GA, United States, 3Smith College, Northampton, MA, 
United States, 4Worcester Polytechnic Institute, Northampton, MA, United 
States

Lymphatic filariasis (LF) is a disabling and disfiguring neglected tropical 
disease caused by three filarial nematodes (Wuchereria bancrofti, 
Brugia malayi and B. timori) which are transmitted by mosquitos. The 
presence of adult worms in the lymphatic system can lead to progressive 
damage and pathology. Presently, 120 million people are infected and 1.4 
billion people are targeted for annual mass drug administration (MDA) 
in an attempt to eliminate this disease by 2020. The MDA strategy is to 
block parasite transmission by using combinations of albendazole and 
diethylcarbamazine or, in areas co-endemic for onchocerciasis, albendazole 
and ivermectin. Paralysis of pharyngeal pumping by ivermectin could result 
in deprivation of essential nutrients, inducing a wide range of starvation 
responses, including altered gene expression and biochemical activities, 
alternative developmental states in intrauterine larvae and altered 
physiological responses. Previous studies have shown that ivermectin 
treatment significantly reduces microfilariae release from females within 
four days of exposure; however, the mechanisms responsible for reduced 
microfilaria production are not well understood. In this study, we analyzed 
transcriptomic profiles from ivermectin-treated and -untreated B. malayi 
adult females using Next Generation RNA Sequencing technology at 
different concentrations (100 nM, 300 nM and 1 uM) and time points 
(24, 48, 72, and 120 hours). Our analysis revealed altered expression of 
multiple genes involved in fertility, embryogenesis and larval development, 
which were significantly down-regulated as early as 24 hours post-
exposure. These changes reflect and provide insight into the mechanisms 
involved in ivermectin-induced reduction in microfilaria output and 
impaired embryogenesis. RNA interference phenotypes of the homologs of 
these genes in C. elegans include maternal sterile, embryonic lethal, larval 
arrest, larval lethal, reduced brood size and egg shape variable.

669
RATIONAL DESIGN FOR OXAMNIQUINE DERIVATIVES THAT 
KILL SCHISTOSOMES

Stacey R. Stahl1, Alexander B. Taylor1, Xiaohang Cao1, P. John 
Hart1, Stanton F. McHardy2, Ambrosio Lopez2, Frédéric D. 
Chevalier3, Timothy J. Anderson3, Philip T. LoVerde1

1University of Texas Health Science Center, San Antonio, TX, United States, 
2University of Texas San Antonio, San Antonio, TX, United States, 3Texas 
Biomedical Research Institute, San Antonio, TX, United States

Human schistosomiasis is a disease caused by species of the genus 
Schistosoma, which globally affects over 200 million people. The 
major species affecting humans are S. mansoni, S. haematobium, 
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and S. japonicum. There is currently only one method of treatment 
(monotherapy), the drug Praziquantel. Constant selection pressure 
through mass chemotherapy - this year alone will see the administration 
of over 250 million doses - has yielded evidence of resistance to PZQ. 
This has been observed in both the laboratory and field. The goal of 
this research is to develop a second drug for use in conjunction with 
PZQ. Previous treatment of S. mansoni included, among others, the use 
of oxamniquine (OXA), a prodrug that is enzymatically activated in S. 
mansoni but is ineffective against S. haematobium and S. japonicum. 
The OXA activating enzyme was identified, described, and crystallized by 
our laboratories as being a sulfotransferase (SmSULT). The focus of this 
research is to reengineer OXA to be effective against S. haematobium 
and S. japonicum. In this regard we isolated the S. haematobium 
(ShSULT) and S. japonicum (SjSULT) sulfotransferases. Thirty OXA 
derivatives were synthesized, of which eight showed schistosomicidal 
activity as good as or better than OXA that may potentially be used to 
treat schistosomiasis mansoni. In vitro tests demonstrated that some 
of these 8 derivatives had activity against S. haematobium and S. 
japonicum. This iterative process of using structural data to inform 
chemical synthesis of derivatives, which are then tested in vitro, continues 
to provide us with novel compounds with improved anti-schistosomal 
activity. The information gleaned from these early studies will be used to 
optimize OXA derivative design. The most active derivatives will be used in 
an in vivo model of schistosomiasis to evaluate efficacy before moving to 
safety and toxicity studies.

670
STAGE-SPECIFIC PROFILING OF THE SOMATIC PROTEOMES 
AND SECRETOMES OF ONCHOCERCA VOLVULUS

Sasisekhar Bennuru1, Jose M.C. Ribeiro1, Fidelis Cho Ngwa2, 
David Abraham3, Sara Lustigman4, Thomas B. Nutman1

1National Institutes of Health, Bethesda, MD, United States, 2Biotechnology 
Unit, Faculty of Science, University of Buea, Buea, Cameroon, 3Thomas 
Jefferson University, Philadelphia, PA, United States, 4Lindsley F. Kimball 
Research Institute, New York Blood Center, New York, NY, United States

Stage-specific proteomes of filarial parasites have thus far been limited to 
Brugia malayi and Onchocerca ochengi as a surrogate for O. volvulus 
(Ov) - the causative organism of onchocerciasis (‘river blindness’). Here 
we report the stage-specific somatic proteomes of the adult male and 
female worms, embryonic stages (EMB), microfilariae, infective L3 larvae, 
larvae undergoing molting and L4 larvae along with the secretomes of 
adult male (OvAM) and adult female parasites (OvAF). Global proteomic 
analyses were performed using Thermo Easy nLC 1000 UPLC interphased 
via a Thermo Easy Spray ion source to a Thermo Q-Exactive quadrupole-
Orbitrap mass spectrometer. Spectral matching with combined databases 
of predicted proteomes of Ov, its endosymbiont Wolbachia (wOv) and 
humans resulted in the identification of ~56% (6821) of the predicted 
proteome of O. volvulus and ~69% (571) of wOv proteome. Though 
relative abundance varied, a small fraction ~ 5% (327) of the identified 
proteins were commonly found across all stages. Preliminary analyses 
suggest immunologically related, detoxification and protein modification 
associated proteins to be differentially expressed and enriched in the L3, 
adult females and microfilarial stages respectively. Surprisingly, despite 
EMB being derived from the adult female uterus, they had the highest 
degree of discrimination power among stages (384) with very few proteins 
unique to both EMB and OvAF being identified (58). Developmentally, 
stage-specific expression of 127 proteins were identified during the L3 
to L4 molting process, some of which are well-characterized cysteine 
proteases, cystatins and serpins. More importantly, over 200 proteins 
were identified as specific to OvAF, proteins that were also identified in 
the secretome of OvAF. These data not only provide a comprehensive 
proteomic resource for understanding host-parasite interactions, but also 
provide a platform for the interrogation of candidate proteins that can 
support the ongoing quest for biomarkers (particularly for viable OvAF) 
during post-control surveillance in Ov-endemic areas.

671
“EXTREME” QTL METHODS FOR GENETIC MAPPING FOR 
DRUG RESISTANCE AND HOST SPECIFICITY IN SCHISTOSOME 
PARASITES

Frédéric D. Chevalier1, Winka Le Clec’h1, Philip T. LoVerde2, 
Timothy J. Anderson1

1Texas Biomedical Research Institute, San Antonio, TX, United States, 
2University of Texas Health Science Center, San Antonio, TX, United States

Classical quantitative trait locus (QTL) analyses, using controlled genetic 
crosses or natural pedigrees, together with phenotyping and genotyping 
of parents and progeny, has been used for QTL localization for almost 
a century and has been applied to multiple species ranging from yeast 
to humans. Extreme QTL (X-QTL) methods, developed by researchers 
working on yeast and malaria parasites, takes several short cuts to simplify 
QTL mapping. Instead of phenotyping, pooled F2 progeny are selected 
for the trait of interest, while instead of genotyping individual progeny, 
pools of selected or unselected progeny are quantitatively genotyped (or 
sequenced) to measure allele frequencies genome-wide. We first applied 
X-QTL to examine the genetic basis of drug resistance in a multicellular 
parasite, Schistosoma mansoni, which infects an estimated 67 million 
people in Sub-Saharan Africa and South America. We conducted genetic 
crosses between oxamniquine resistant and sensitive parasites, and 
selected pools of F2 progeny with oxamniquine while controls were left 
untreated. Surviving drug-treated and control pools were then sequenced 
to high read depth (mean = 95-366×) across the genome using exome 
capture, Illumina sequencing and allele frequencies at 14,489 variants 
were compared between pools. We observed dramatic enrichment of 
alleles from the resistant parent in a small region of chromosome 6 in 
drug-treated male and female pools (combined analysis: Z = 11.07, p 
= 8.74 × 10-29). This region contains Smp_089320 a gene encoding 
a sulfotransferase recently implicated in oxamniquine resistance using 
classical linkage mapping methods, directly validating X-QTL methods for 
schistosomes. Encouraged by this success, we are currently applying the 
X-QTL approach to identify the genes underlying host specificity of larval 
schistosomes to the aquatic snail host.

672
SCHISTOSOMA MANSONI EXPOSURE MODIFIES PLASMA 
EXOSOMAL MIRNAS INTERCELLULAR COMMUNICATIONS 
BETWEEN PARASITE AND HOST

Wannaporn Ittiprasert1, Andre’ Miller1, Chutima Kumkhaek2, 
Josanne Logan1, Sarah Li1, Margaret Mentink-Kane1, Michael 
Hsieh1

1Biomedical Research Institute, Rockville, MD, United States, 2National 
Heart, Lung and Blood Institute, National Institutes of Health, Bethesda, 
MD, United States

Schistosomiasis is a water-borne parasitic disease of major public health 
importance. More than 4.5 million disability adjusted life years (DALYs) 
are lost each year worldwide due to schistosome infection. More 
than 90% of reported cases are from sub-Saharan Africa where both 
Schistosoma mansoni and S. haematobium infections are endemic. 
The major of control programs use the antihelminthic drug praziquantel 
for mass drug administration. MicroRNAs are small non-coding RNAs 
transported in exosomes, and as such schistosome miRNAs may serve as 
an efficient cell-to-cell communication system linked to the host. miRNAs 
also have potential as novel therapeutic tools for diseases associated 
with inflammatory responses. Here we show differential expression of 
schistosome exosomal miRNAs in S. mansoni-infected mouse plasma, 
including miR71, bantam, miR125 and miR-new 1, at various time point 
post exposure up to 7 weeks. Given that S. mansoni infection-associated 
inflammation is thought to potentially increase risk of colorectal cancer, 
we are currently evaluating the expression of putative miRNA biomarkers 
for inflammation/cancer, e.g. miR-let 7a, miR-150, and miR 21. We have 
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found that exosome-associated miRNA profiles shift significantly in mice 
at 2 weeks post exposure. Schistosome-specific miRNAs (miR-bantam and 
miR125) were increased after 2 weeks. On the other hand, miRNA let-7a 
and miRNA 150 were increased during chronic parasite infection. These 
results strengthen the notion that schistosomes secrete miRNA-containing 
exosomes into the host circulation, and that miRNAs may be highly 
sensitive biomarkers for infection status, including in vivo schistosome 
growth, development, and egg production. Our ongoing work may 
facilitate the development of highly sensitive diagnostics, miRNA-based 
blockade of schistosomiasis transmission, and even nanotechnology-
centered therapeutics. Moreover, a deeper understanding of exosomal 
miRNAs as cancer markers would be useful for identifying new therapeutic 
targets for inflammation-induced carcinogenesis in chronic schistosomiasis 
and other helminth infection-associated malignancies.

673
MEASURING POPULATION HEALTH: COSTS FOR 
ALTERNATIVE SURVEY APPROACHES IN THE NOUNA HEALTH 
AND DEMOGRAPHIC SURVEILLANCE SYSTEM IN RURAL 
BURKINA FASO

Henrike Lietz1, Lingani Moustapha2, Ali Sié2, Rainer Sauerborn1, 
Aurélia Souares1, Yesim Tozan3

1University of Heidelberg, Heidelberg, Germany, 2Centre de Recherche en 
Sante de Nouna, Nouna, Burkina Faso, 3New York University, Steinhardt 
School of Culture, Education and Human Development and Global 
Institute of Public Health, New York, NY, United States

To improve data quality and collection efficiency in the Nouna Health 
and Demographic Surveillance System (HDSS) in Burkina Faso, stand-
alone data collection activities of the HDSS and the Household Morbidity 
Survey (HMS) were integrated, and the paper-based questionnaires 
were consolidated into a single tablet-based questionnaire, namely the 
Comprehensive Disease Assessment (CDA). This study aims to assess the 
comparative implementation costs of the two different survey approaches 
to measure health at the population level. Financial costs of stand-alone 
(HDSS and HMS) and integrated (CDA) surveys were estimated from the 
perspective of the implementing agency. Fixed and variable costs of survey 
implementation and key drivers of costs were identified, and costs per 
household visit were calculated for both survey approaches. While fixed 
costs of survey implementation remained similar across the two survey 
approaches, there were significant variations in variable costs, resulting in 
an estimated annual cost-saving of about US$45,000 with the integrated 
survey approach. This was primarily because costs of data management 
for the tablet-based CDA survey were significantly lower than the paper-
based stand-alone surveys. The integrated survey approach was estimated 
to reduce the cost per household visit from US$25 to US$21 to collect 
the same amount of information from 10,000 HDSS households. In 
conclusion, the CDA survey appears to be a feasible and efficient method 
of data collection in the Nouna HDSS in rural Burkina Faso. The tablet-
based data collection platform is likely to increase the quality of population 
and health data collected and this should be further explored.

674
THE MILLENNIUM DEVELOPMENT GOALS AND 
DEVELOPMENT ASSISTANCE FOR HEALTH, 1990-2014

Joseph L. Dieleman, Lavanya Singh, Elizabeth Johnson, Maxwell 
Birger, Casey Graves, Annie Haakenstad
Institute for Health Metrics and Evaluation, University of Washington, 
Seattle, WA, United States

Millennium Development Goals (MDGs) four, five and six focus on health 
in low- and middle-income countries. This presentation will present 
findings related to tracking the development assistance for health (DAH) 
and explore the relationships between the establishment of the MDGs, the 
scale-up in funding, and the attainment of the health targets. We extract 
data from the Institute for Health Metrics and Evaluation’s Financing 

Global Health 2014 report. This report systematically tracks DAH from 
1990 to 2014. We assess the allocation of DAH across 15 health focus 
areas, and compare the DAH received by countries likely to achieve each 
MDG to the DAH received by countries that are unlikely to achieve them. 
We use linear regression to test whether the onset of the MDGs was 
associated with a systematic shift in DAH disbursements. Since 2000, 
$227.9 billion of DAH has been provided for the MDG health focus areas, 
amounting to $24.3 billion in 2014 alone. DAH disbursements for the 
MDG causes grew by 13.9% annually between 2000 and 2010, while 
annual growth for these same health focus areas was only 7.4% from 
1990 through 2000. DAH for HIV/AIDS grew 15.8% over 2000 to 2014, 
amounting to $10.9 billion in 2014. DAH for malaria and tuberculosis 
funding increased annually at 17.4% and 17.7% over the same period, 
reaching $2.4 billion and $1.4 billion, respectively. DAH for maternal, 
newborn, and child health grow at an annualized rate of 6.2%, with 
spending of $9.7 billion in 2014. Countries expected to achieve each 
goal have received on average more DAH for the associated health focus 
areas than those not expected to achieve a given MDG. Linear regression 
shows that in 2000 the annual increase of MDG-related DAH amounted 
to 324%, a statistically significant change. Still, growth slowed in 2010. 
If DAH had continued to climb from 2011 to 2014 as it had the decade 
prior, an additional $27.4 billion of DAH would be available for the MDG 
health focus areas. With the post-MDG era in sight, these trends and the 
concurrent evolution in burden of disease hold lessons for future global 
health ambitions.

675
THE SOCIOECONOMIC IMPACT OF INTERNATIONAL AID: A 
QUALITATIVE STUDY OF AID AND HEALTHCARE RECOVERY 
IN POST-EARTHQUAKE HAITI

Maxwell Kligerman
Stanford University, Menlo Park, CA, United States

International aid spending for healthcare has nearly quadrupled over 
the last two decades, but how these efforts are perceived by the 
recipient country in post disaster settings remains unclear. We assessed 
healthcare provider perspectives of international aid four years after the 
Haiti Earthquake to better understand the impact of aid on the Haitian 
healthcare system and learn best practices for recovery both in Haiti and 
future disaster contexts. We conducted 22 semi-structured interviews with 
the directors of local, collaborative, and aid-funded healthcare facilities 
in Leogane, Haiti, which was the epicenter of the 2010 Earthquake. We 
coded and analyzed the interviews using an iterative method based on 
a grounded theory approach of data analysis. We found that healthcare 
providers identified aid as benefitting the community via acute emergency 
relief, increased long-term healthcare access, and increased referral 
options for local healthcare providers. However, we also found that aid 
had many negatively perceived impacts, including episodes of poor quality 
care, internal brain drain, competition with local facilities, decrease in 
patient flow to local facilities, and forced emigration of Haitian doctors to 
abroad due to loss of economic revenue. As Haiti continues to recover, it 
is imperative for aid institutions and local healthcare facilities to develop 
a more collaborative relationship to transition acute relief to sustainable 
capacity building. Based on our findings, in future disaster contexts, 
we advocate for the use of both acute and long-term quality of care 
metrics, NGO Codes of Conduct, Master Health Facility Lists, and sliding 
scale payment schemes as policies to guide and improve future disaster 
response.
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“WOMEN IN CONTROL FOR TSETSE CONTROL”-COMMUNITY 
LED INTERVENTION INVOLVING INNOVATION

Vanja Kovacic1, Johan Esterhuizen1, Michael Lehane1, Tawona 
Mangwiro2, Alexandra Shaw3, Inaki Tirados1, Stephen Torr1, Helen 
Smith4

1Liverpool School of Tropical Medicine, Liverpool, United Kingdom, 
2Bindura University of Science Education, Bindura, Zimbabwe, 3AP 
Consultants, Andover, United Kingdom, 4University of Manchester, 
Manchester, United Kingdom

Community-based approaches are widely employed in efforts to control a 
variety of neglected tropical diseases (NTDs). Some of the earliest attempts 
at community-based control of NTDs were concerned with controlling 
tsetse flies, the vector of human African trypanosomiasis (HAT). However, 
this approach was never widely adopted and no community-based 
interventions against tsetse have been reported in the past decade. Recent 
developments of cost-effective and simple-to-use tools, particularly ‘tiny 
targets’, provide a new opportunity for communities affected by sleeping 
sickness in Africa. The traditional roles of women (water collecting, 
washing) regularly bring them into the riverine habitats where vectors of 
the Gambian form of HAT concentrate. Women may therefore be able to 
play an important role in community-based interventions against tsetse. 
We used action research to implement and evaluate an intervention led 
by women in two villages in a sleeping sickness area of NW Uganda. 
Feasibility, sustainability, cost-effectiveness and participants’ perceptions 
of managing this intervention were assessed. We ran mentoring meetings 
over three phases: preparation, action (target deployment) and evaluation. 
The community-led intervention was compared with a separate operation 
conducted by an ‘expert’ team in an adjacent area. The community 
deployed 194 targets of which 38% were still functional after 6 months: 
comparable to the professional operation. The women demonstrated 
good planning, leadership and management skills and their perception of 
ownership and empowerment increased during the process. Excluding the 
research component, a community intervention would cost $67 compared 
to $85 per km2 for the expert team operation. Women’s attitudes 
towards the innovation were positive: they were motivated, confident 
and resourceful partners in interventions against tsetse. We suggest that 
promoting their involvement is feasible and will improve sustainability 
and cost-effectiveness of tsetse control. More broadly, women should 
be actively involved in the planning, execution and evaluation of disease 
control programmes.

677
BETTER DATA INTEGRATION AND SHARING CAN 
ACCELERATE RESEARCH AND POLICY FOR GLOBAL 
POPULATION HEALTH

Willem G. Van Panhuis1, Proma Paul1, Claudia Emerson2, Richard 
Wilder3, Abraham J. Herbst4, David Heymann5

1University of Pittsburgh Graduate School of Public Health, Pittsburgh, 
PA, United States, 2St. Michael’s Hospital, Toronto, ON, Canada, 3Bill & 
Melinda Gates Foundation, Seattle, WA, United States, 4The Africa Centre 
for Health and Population Studies, University of KwaZulu-Natal, Somkhele, 
South Africa, 5Chatham House, London, United Kingdom

The vast amount of data that is currently collected by researchers 
and health agencies around the world creates new opportunities to 
improve global population health. Most of these data are stored across 
thousands of different data systems and may never be used for new 
research because data cannot be easily accessed and integrated. Despite 
a global commitment to improve the use and sharing of global health 
data, this can be challenging in reality. We described the entire web of 
barriers to global health data sharing, and evaluated data availability 
and consistency for one example disease: dengue. We systematically 
reviewed documents that described barriers to global health data sharing, 
identified individual barriers, and grouped these in a taxonomy of major 

categories. We also integrated dengue surveillance data provided online 
by various WHO sources. We assessed the availability and consistency 
of WHO data across sources and compared WHO data to data provided 
online by two example countries: Brazil and Indonesia. We identified 20 
potential barriers to global health data sharing and classified these in six 
categories: technical, motivational, economic, political, legal and ethical. 
The first three categories are deeply rooted in well-known challenges of 
health information systems for which structural solutions have yet to be 
found; the last three have solutions that lie in an international dialogue 
on policies and instruments for data sharing. Dengue data from 100 
countries were available from WHO representing 23 million dengue cases 
and 82 thousand deaths reported to WHO since 1955. We found 84% 
agreement between WHO data sources, representing a discrepancy of 
almost half a million cases. The simultaneous effect of multiple interacting 
barriers greatly complicates access and integration of global health data 
for research and policy. The increasing complexity of this data landscape 
causes an urgent need for global coordination to standardize, integrate, 
and disseminate data. A new financial and operational framework should 
ensure the sustained availability of high quality data to improve global 
population health.

678
BIOMEDICAL GRADUATE EDUCATION AND CDC WEBSITES 
PROMOTE INFECTIOUS DISEASES IN THE MEDICAL 
SCHOOL CURRICULUM AT THE JOHN A. BURNS SCHOOL OF 
MEDICINE, HONOLULU, HAWAII

Kenton Kramer, Jourdan Posner, Brooks Mitchell, Nelson Lazaga, 
Glen Chew, Yuki Lloyd, William Gosnell
University of Hawaii, Honolulu, HI, United States

Biomedical scientists bridge the gap between the basic sciences and 
clinical medicine. Teaching medical microbiology to medical students in 
a Problem Based Learning curriculum can be challenging. Appropriate 
information must be conveyed at the appropriate time for maximal 
learning. Although major infectious organisms are covered in health care 
problems and in didactic lectures, many organisms of importance in travel 
and tropical medicine are not covered in the pre-clerkship curriculum 
(Years 01 & 02). To overcome this barrier, we introduced the concept of 
“Parasite of the Week” based on the CDC website: DPDx - Laboratory 
Identification of Parasitic Diseases of Public Health Concern (www.cdc.
gov/dpdx).1 Introduction of relevant parasitic organisms was held during 
normally held pathology laboratory sessions. Before each session, a clinical 
case relevant to the parasitic organism is sent to the students. During the 
laboratory session informational material is offered covering biological 
and clinical aspects that included: 1) a large poster summarizing the main 
aspects of the life-cycle, pathology, diagnosis and therapeutic options, 2) 
informational handouts covering the material in greater depth for future 
reference and 3) microscopic and macroscopic specimens to solidify 
learning. Graduate students are present to explain the material and answer 
questions. The success of these sessions led to the graduate students in 
the Department of Tropical Medicine to developed informational material 
on bacterial infections of importance to travel and tropical medicine based 
on CDC’s Yellowbook (http://wwwnc.cdc.gov/travel/page/yellowbook-
home-2014/). We believe these sessions greatly increase medical student 
exposure to concepts of infectious diseases while providing productive 
interactions between medical and biomedical graduate students. 1. Use 
of visual displays to teach medical microbiology in the preclerkship years. 
WGEA conference, Honolulu, Hawaii. March 23-25, 2014
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PREDICTIVE STATISTICAL MODELLING TO INFORM 
TUBERCULOSIS PREVALENCE ESTIMATIONS

Sandra Alba1, Ente Rood1, Masja Straetemans1, Mirjam Bakker1, 
Charalambos Sismandis2

1Royal Tropical Institute (KIT), Amsterdam, Netherlands, 2World Health 
Organization, Amsterdam, Netherlands

A total of 22 nationally representative tuberculosis (TB) prevalence surveys 
have been conducted between 1990 and 2013, providing direct estimates 
of TB burden. In countries without surveys the World Health Organization 
(WHO) currently estimates prevalence indirectly from estimated incidence 
and disease duration. In order to provide WHO with alternative indirect 
estimates of TB prevalence, an ecological predictive statistical model was 
developed to predict prevalence in low and middle-income countries 
without survey data with an estimated prevalence over 0.1%. We included 
13 nationally representative surveys, 2 district level surveys in India and 
subnational estimates for 5 surveys conducted between 2007 and 2013 
resulting in 30 datapoints for model development (training set). Ecological 
predictors included TB surveillance and programmatic data, co-morbidities 
and socio-environmental factors extracted from online data repositories. 
We fitted a random effects multivariate binomial regression and predicted 
bacteriologically confirmed TB prevalence in 74 low to middle income 
countries across Africa, Asia and South America in 2013. Out of the 166 
ecological predictors considered 37 were retained for model building 
(due to incompleteness or collinearity) and 7 were found significant in 
univariate analyses. The final multivariate model included 3 predictors: 
climate score, laboratory confirmed TB notification rates per 100,000 
population and BCG vaccination coverage. Cross-fold validations in the 
training set suggested average fit (R-sq = 0.57). Out of sample predictions 
(all forms all ages) were on average consistent with WHO estimates 
(average difference -10 cases per 100,000), albeit with considerable 
scatter. Predictive ecological modelling can provide useful complementary 
estimates for TB burden and can be considered alongside other methods 
in countries with limited TB data. The predictive power of the model may 
be improved by including (sub)national estimates of 5 surveys which will 
become available in the coming year and more complex spatial correlation 
structures to the model currently presented.  

680
INSTITUTIONALIZATION OF QUALITY OF CARE IN HEALTH 
FACILITIES IMPROVES MANAGEMENT OF MALARIA IN 
PREGNANCY IN TANZANIA

Jasmine W. Chadewa, Rita Mutayoba
Jhpiego, Dar es Salaam, United Republic of Tanzania

Malaria in Pregnancy (MiP) is one of the contributors to maternal mortality 
in Tanzania which persists at a ratio of 410/100,000 live births. Tanzania 
implements WHO’s three-pronged approach to prevent MiP (use of 
insecticide treated bed-nets (ITNs), intermittent preventive treatment 
(IPTp) with sulfadoxine-pyrimethamine (SP) and prompt diagnosis and 
treatment). Efforts are on-going to improve IPTp and ITN coverage which 
is 33% and 75%, respectively. Jhpiego, in collaboration with the Ministry 
of Health and Social Welfare, worked in 251 health facilities to improve 
the quality of maternal and neonatal health by building the capacity of 
health care providers through training, supportive supervision, mentoring 
and coaching. A total of 7,181 providers and 400 tutors were trained 
on MiP prevention and treatment. A quality of care study used the same 
methodology and sampling approach in 2010 and 2012, combining 
observations of women during antenatal care, inventory and record review 
as well as health worker knowledge. A team of MNH experts underwent 
clinical updates, training and orientation to the study tools. Data collection 
teams visited facilities, made observations and entered data into smart 
phones. The study was conducted in 12 regional hospitals and 38 lower 
level facilities in 12 regions including Zanzibar with a total of 391 and 366 
ANC observations made in 2010 and 2012, respectively. Between 2010 

and 2012, the percentage of women receiving an ITN increased by 26% 
(p-value = <0.0001); the change observed was due to a 33% increase 
in offering ITN vouchers at health centers and dispensaries. A slight 
improvement was seen in provision of IPTp-SP from 62% in 2010 to 65% 
in 2012. In Tanzania, application of the quality improvement approach 
contributed to improving MiP services. Moving forward, there is a need 
for the Ministry to continue strengthening ANC with effective monitoring 
and routine supervision to increase coverage of MiP prevention. Districts 
management teams and facilities need to ensure availability of SP and 
provide regular technical updates on the national service standards 
including counseling at ANC and birth preparedness.

681
ASSOCIATION BETWEEN MALARIA CONTROL SCALE-UP 
AND MICRO-ECONOMIC OUTCOMES: EVIDENCE FROM A 
RETROSPECTIVE ANALYSIS IN ZAMBIA

Anthony Leegwater1, Alison Comfort2, Sharon Nakhimovsky1, 
Benjamin Johns1, Lauren Olsho2, Martin Alilio3, Henry Kansembe4, 
Benson Bwalya5, Kelley Ambrose2, Busiku Haminza6

1Abt Associates, Inc., Bethesda, MD, United States, 2Abt Associates, Inc., 
Cambridge, MA, United States, 3President’s Malaria Initiative/United States 
Agency for International Development, Washington, DC, United States, 
4Ministry of Health, Lusaka, Zambia, 5Abt Associates, Inc., Lusaka, Zambia, 
6National Malaria Control Center, Lusaka, Zambia

While substantial attention has been devoted to understanding the 
effectiveness of malaria control strategies on health outcomes, there 
has been less focus on understanding the economic impact of malaria 
control interventions. As malaria control interventions are scaled up 
and malaria episodes decrease, households may experience economic 
benefits such as improved household income and consumption, worker 
productivity, schooling attendance, and poverty status. This study assesses 
the associations between malaria control scale-up and micro-economic 
indicators in Zambia, where significant progress has been made in scaling 
up effective malaria control strategies, but also where malaria continues 
to be an important public health concern. Using data from 2006 to 2010 
on the distribution of insecticide-treated nets (ITNs) and indoor residual 
spraying (IRS), this study examines whether the scale-up of these activities 
in Zambia is associated with improved micro-economic outcomes at the 
household level. Specifically, do these activities affect household spending 
on food, household spending on medical care, schooling attendance, 
agricultural production, and household savings and borrowing? To 
answer these questions, we will use secondary data collected by multiple 
Zambian ministries and the National Malaria Control Center (NMCC) to 
conduct retrospective, multivariate analyses to match districts at baseline 
in 2006. We will then compare micro-economic outcomes of nearly 
20,000 households at endline in 2010, as a function of malaria control 
activities conducted during that year and preceding years. Study findings 
are expected by August 2015. Particularly in a context of limited resources, 
the results of the study will inform policymakers, donors, and development 
practitioners on the returns to investing in malaria control by considering 
the micro-economic benefits of these strategies.
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ONGOING NEONATAL MORTALITY AUDITS IN MALAWI HELP 
FOCUS MEDICAL AND NURSING EDUCATION

Joshua Grahe1, Yasmin Bahora1, Megan Coe2, Margot Anderson1, 
Ajib Phiri3, Rhoda Chifisi4, Julie Anathan5, Elizabeth Cunningham6, 
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1Global Health Service Partnership and University of Malawi College 
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4Kamuzu Central Hospital, Lilongwe, Malawi, 5Seed Global Health and 
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The WHO estimates a critical shortage of 7.2 million healthcare workers 
globally. Malawi has 2 physicians and 34 nurses/midwives per 100,000 
people, limiting quality of care for patients and quality of training and 
supervision for healthcare students. In Malawi, neonatal mortality accounts 
for 34% of deaths in children under 5 and are a vital target for reducing 
child mortality. Kamuzu Central Hospital (KCH), in Lilongwe, Malawi, is 
a teaching hospital for the University of Malawi College of Medicine and 
Kamuzu College of Nursing, and a placement site for volunteers with 
the Global Health Service Partnership (GHSP), a US-based public-private 
partnership that places US faculty in medical and nursing schools for one-
year. At KCH, the neonatal unit admits more that 2000 sick newborns 
annually. Each month a pediatric intern, together with an intern from 
the obstetrics department, presents the perinatal morbidity and mortality 
data. These presentations have informed educational priorities and helped 
the team focus trainings and protocols on core needs. The most common 
admission diagnoses in 2014 were prematurity (37%), birth asphyxia/
meconium aspiration (27%), neonatal sepsis (14%), and congenital 
anomalies (9%). The average neonatal mortality rate was 20%, with 
prematurity and asphyxia accounting for 75% of deaths. These findings 
highlight the need to emphasize staff training on protocols such as 
neonatal resuscitation, CPAP, kangaroo care, and antibiotic management. 
These skills are also emphasized in both medical and nursing students’ 
curricula, and additional intern trainings have been introduced to ensure 
ongoing quality improvement in the care of neonates. By understanding 
current neonatal mortality statistics at KCH, physician and nurse educators 
can target classroom and clinical education to improve the care of 
neonates and reduce neonatal mortality at our teaching hospital as well as 
impact the care given by our graduates. Additionally, due to the heavy toll 
of birth asphyxia and prematurity, improved outcomes for neonates cannot 
be accomplished without the combined efforts of both the pediatric and 
obstetrics departments.

683
ANTENATAL AND DELIVERY CARE RECEIVED BY WOMEN IN 
BUNGOMA COUNTY, WESTERN KENYA

Peter O. Okuma1, Vincent O. Were1, Mary J. Hamel2, Florence A. 
Were1, Meghna Desai1, Ann M. Buff3, Simon K. Kariuki1
1Kenya Medical Research Institute/Centers for Disease Control and 
Prevention, Kisumu, Kenya, 2Malaria Branch, Centers for Disease Control 
and Prevention, Kisumu, Kenya, 3United States President’s Malaria 
Initiative, Nairobi, Kenya, Kisumu, Kenya

Maternal mortality remains high in sub-Saharan Africa. The Millennium 
Development Goal for maternal health aimed to reduce maternal mortality 
by three-quarters by 2015. However, most countries including Kenya fell 
short of achieving these targets. We describe the status of prenatal and 
delivery care for women in Bungoma county, western Kenya. Between 
September and November 2013, we conducted a household cross-

sectional survey of women who had given birth within the last 4 months 
in Bungoma County, western Kenya. Using a structured questionnaire, 
data were collected on antenatal care (ANC) visits, delivery location and 
service satisfaction of a random sample of women from a demographic 
surveillance system. A total of 748 women had a recent birth; 89% 
(n=667) consented and were interviewed. Ninety-two percent (n=622) 
visited ANC clinic at least once, and 33% (n=223) made the recommended 
four ANC visits. Sixty-one percent (n=278) made the first ANC visit in 
the second trimester. Women who made the first ANC visit in the first 
trimester were more likely to complete ≥4 ANC visits (83.6%; 56/67) 
compared to those starting ANC visits in the second or third trimesters 
(27.3%; 151/557; p=0.0001). There was no significant difference observed 
in the percentage of women making ≥4 ANC visits among those who 
started ANC in the second or third trimesters (p=0.68). Only 45% (n=301) 
of women delivered at a health facility. Satisfaction with ANC services was 
67% (415/622); satisfaction with health facility-based delivery services 
was 67% (203/301). Of the 205 women who made ≥4 ANC visits, 64.4% 
delivered in facilities compared to 37.9% of women who made fewer visits 
(p<0.0001). As the deadline for the Millennium Developmement goal for 
maternal mortality gets closer, Kenya did not achieve the stated targets. 
Over a third of women reported dissatisfaction with ANC and delivery 
services, which might contribute to low service utilization. Strategies to 
increase satisfaction with ANC and delivery services might positively impact 
utilization and improve maternal mortality so as to achieve the newly 
promulgated International health Development Goals.

684
HEALTH FACILITY CASELOAD CHANGES DURING THE 
INTRODUCTION FOR COMMUNITY CASE MANAGEMENT FOR 
MALARIA IN SOUTH WESTERN UGANDA - AN INTERRUPTED 
TIME SERIES APPROACH

Sham Lal1, Richard Ndyomugyenyi2, Mylene Lagarde1, Neal 
D. Alexander1, Lucy Paintain1, Pascal Magnussen1, Daniel 
Chandramohan1

1London School of Hygiene & Tropical Medicine, London, United Kingdom, 
2London School of Hygiene & Tropical Medicine, London, Uganda

Many malaria endemic countries are scaling-up community case 
management (CCM) programmes, which increase access to malaria testing 
and treatment to communities with limited access to health facilities. 
To date, evaluations of CCM programs have centred on community 
health workers (CHWs) compliance to guidelines, but broader effects 
on utilisation of health centres (volume and case mix) have not been 
documented. This analysis was conducted during a community case 
management intervention in Rukungiri District Western Uganda. Out-
patient department (OPD) visit data for children under 5 was collected 
for one year before the trial started (pre-intervention) and during the 
20-month trial (intervention-period) from three health centres serving 
the intervention area. An interrupted time series analysis with segmented 
regression models was used to compare the trends in all-cause and 
malaria-specific OPD visits during the pre-intervention and intervention 
periods. The introduction of the CCM intervention was followed by 
increases in the frequencies of diagnosis of diarrhoeal diseases, pneumonia 
and helminths and fewer malaria diagnoses. In the first month after the 
CCM intervention began all-cause OPD utilisation decreased by 63% 
compared to the pre-intervention period (p<0.001). Malaria-specific visits 
also saw a dramatic drop shortly after the intervention began, with 27 
fewer visits per month during the intervention-period compared with the 
pre-intervention period (p<0.05). The declines in all-cause and malaria 
visits were sustained for the entire intervention period. In conclusion, 
introduction of a community-treatment programme for malaria reduced 
the total caseload seen at local health centres. The subsequent impact 
for health workers and patients in terms of reduced total working hours, 
increased time spent per consultation and/or other health centre duties, 
as well as required changes in stock management and financing, warrants 
further examination in order to fully document the effect of community 
case management programmes on the functioning of health systems.
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685
INTEGRATING GLOBAL HEALTH SURVEILLANCE DATA: AN 
EXAMPLE APPLICATION TO MALARIA SURVEILLANCE IN 
UGANDA

Kate Zinszer1, Anya Okhmatovskaia1, Arash Shaban-Nejad1, 
Lauren Carroll2, Neil Abernethy2, David L. Buckeridge1

1McGill University, Montreal, QC, Canada, 2University of Washington, 
Seattle, WA, United States

The growing volume of data generated by systems around the world 
presents a tremendous opportunity for global health surveillance. These 
data, however, are fragmented in many ways, across diseases, countries, 
governmental and non-governmental organizations, and clinical 
institutions. This fragmentation poses a barrier to analyses that could 
benefit from using multiple data sources as the data must be integrated 
manually for each analysis, requiring a considerable amount of effort. 
Malaria surveillance, including the monitoring and evaluation of malaria 
control activities, is an example of how data fragmentation can hinder 
analyses. Matching effective interventions to specific factors in each 
area requires epidemiological analysis of data integrated across multiple 
sources. This type of data is generally not available to malaria control 
and elimination activities due to the challenges in identifying, accessing, 
and integrating data hosted within the wide range of organizations 
contributing to malaria control efforts. SDIDS (Scalable Data Integration 
for Disease Surveillance) is a software application designed to enable the 
integration and analysis of data across multiple scales to support global 
health decision-making. In this presentation, we present a prototype of 
SDIDS and show how it can be used to integrate malaria surveillance data 
collected by multiple organizations in Uganda. SDIDS is a web-based, 
ontology-driven software platform that automates the integration of 
heterogeneous data from multiple sources, and supports visualization, 
analysis, and sharing of these data. A central characteristic of SDIDS is its 
ability to scale-up and integrate data from other geographical regions and 
for other priority diseases. This scalability means that a wide range of data 
sources can be mapped once to SDIDS and then accessed and analyzed 
repeatedly by a wide range of global health users and applications.

686
INTEGRATED COMMUNITY CASE MANAGEMENT DATA 
QUALITY IN MALAWI

Jennifer Yourkavitch1, Kirsten Zalisk1, Debra Prosnitz1, Misheck 
Luhanga2, Humphreys Nsona3

1ICF International, Rockville, MD, United States, 2Independent Consultant, 
Lilongwe, Malawi, 3Ministry of Health, Lilongwe, Malawi

ICF conducts annual data quality assessments of WHO RAcE projects 
to review accuracy, availability, completeness, reliability, integrity, 
confidentiality and precision of iCCM data and to recommend ways 
to improve data quality. The first RAcE data quality assessment was 
conducted in Malawi in January, 2014. We focus here on findings from the 
data tracing part of the assessment with supporting information from the 
systems assessment and key informant interviews. ICF randomly selected 
10 health facilities from all four RAcE project districts, and collected 
quantitative data with an adapted and comprehensive tool which included 
tracing selected indicators through the reporting system. We calculated 
averages of data agreement between reporting levels for three indicators. 
ICF also conducted key informant interviews with Health Surveillance 
Assistants (HSA), and facility, district and central Ministry of Health staff. 
Data availability was generally high except for supervision data. The 
data verification process identified gaps in completeness, integrity, and 
reliability, particularly in HSA’s record keeping. Cross-checks revealed that 
data recorded by HSAs for new cases and referrals in their registers usually 
did not match the data they reported to health facilities. New cases are 
generally reported accurately from one level to the next in the system 
(e.g. within 10% difference between data at health facilities and districts), 
but referrals and stockouts are underreported from one level to the next. 

There were substantial differences between the number of new cases and 
referrals initially recorded by HSAs and the corresponding number reported 
through the system (ranges: -51 to 183 and -3 to 102, respectively). The 
system lacks some quality controls, including data entry verification, a 
protocol for addressing errors, and written procedures for data collection, 
entry, analysis and management. Staff at all levels would like more training 
in data management. We recommend prioritizing data management 
with documented protocols, additional training, and efficient supervision 
practices to improve iCCM data quality. 

687
BURDEN AND DISTRIBUTION OF MALNUTRITION IN 
GUAYAQUIL, ECUADOR: RESULTS FROM THE ECUADORIAN 
NATIONAL HEALTH AND NUTRITION SURVEY (ENSANUT-
ECU)

Winnie Chu1, Sadie J. Ryan2, Wilma B. Freire3, Anna M. Stewart-
Ibarra4, Washington B. Cárdenas5, Julia L. Finkelstein1

1Cornell University, Ithaca, NY, United States, 2Department of Geography 
and Emerging Pathogens Institute, University of Florida and Center for 
Global Health and Translational Science, SUNY Upstate Medical University, 
Gainesville, FL, United States, 3Ministry of Health of Ecuador and the 
Universidad San Francisco de Quito, Ecuador, Quito, Ecuador, 4SUNY 
Upstate Medical University, Syracuse, NY, United States, 5Escuela Superior 
Politecnica del Litoral, Guayaquil, Ecuador

Guayaquil is the largest urban center in Ecuador (2.3 million), but there 
is little published nutritional data for this population. This study was 
conducted to examine the burden and distribution of malnutrition in 
Guayaquil, using data from the Ecuadorian National Health and Nutrition 
Survey (ENSANUT-ECU). Socio-demographic and anthropometric data 
(n=1,738) and venous blood samples (n=900) were collected. The 
prevalence of anemia, micronutrient deficiencies (zinc, vitamin A, iron, 
vitamin B12, folate), and stunting (LAZ<-2), underweight (WAZ<-2), 
wasting (WLZ1), and obesity (BMIZ>2) were calculated and mapped in 
ArcGIS. Binomial and linear regression models were used to examine 
the associations of socio-demographic characteristics with nutritional 
outcomes. Micronutrient deficiencies were common, including zinc 
deficiency (Zn<65.0 μg/dL; 50%) and anemia (Hb<11.0 g/dL; 13%), 
and the prevalence was significantly higher than the national level data 
(p<0.01). The prevalence of anemia was highest in children (29%; 
RR: 2.35, 95%: 1.55-3.59, p<0.01) and women of reproductive age 
(22%; RR: 2.50, 95%: CI 1.77-3.50, p<0.01), compared to all other 
age groups. Children also had the highest prevalence of vitamin A 
deficiency (serum retinol<20.0 μg/dL; 19%; RR: 3.53, 95% CI: 1.87-6.65, 
p<0.01), compared to all other age groups. Women of reproductive age 
in Guayaquil had lower hemoglobin, zinc, erythrocyte folic acid, and 
serum folic acid levels, compared to the national level data (p<0.01). 
The prevalence of overweight and obesity were high in adults; women 
were less likely to be overweight compared to men (46% vs. 37%; RR: 
0.71, 95% CI: 0.55-0.90, p=0.004), however women were more likely 
to be obese (30% vs. 21%; RR: 1.60, 95% CI: 1.20-2.10, p=0.001). The 
burden of malnutrition is high in Guayaquil Ecuador, including anemia, 
zinc deficiency, and vitamin A deficiency, particularly among women of 
reproductive age and young children. Further understanding of the dual 
burden of malnutrition and its distribution in this population is needed to 
inform preventive interventions and public health approaches in Ecuador.
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688
HEALTHCARE CAPACITY BUILDING IN HAITI: TRAINING 
HEALTHCARE AND NON-HEALTHCARE PROVIDERS IN BASIC 
CARDIOPULMONARY RESUSCITATION

Jerry L. Livingston, Anthony M. Pickrell, Ashkita Kumar, Ruth L. 
Bush, David M. Vanderpool
Texas A&M College of Medicine, Bryan, TX, United States

Following the devastating 2010 earthquake in Haiti, the need for health 
care and support increased as medical schools and hospitals were 
destroyed or severely damaged. Outreach educational programs are 
crucial to decreasing the uneven geographical distribution of healthcare 
workers or skilled laypersons in this impoverished country. A pilot program 
was implemented in 2015 to provide necessary emergency training 
in the basics of adult and infant cardiopulmonary resuscitation (CPR). 
The purpose of this study is to describe our experience establishing an 
innovative educational opportunity for basic skills training in Haiti. A 
team of 4 U.S. providers developed a basic emergency provider program 
including a written guidebook with a French translation and utilized 
standard CPR manikins for training. This program was supported by the 
Haitian government and taught in 2 hour sessions. Training included adult 
and infant CPR and suffocation/ chocking treatment (Heimlich maneuver). 
Competency was assessed via direct observation and oral testing. Over 4 
days, 80 healthcare providers, lay persons, and governmental security staff 
were trained by the international team. Local translation was available. At 
the completion of training, the participants were able to demonstrate skills 
competency and pass an oral quiz. Satisfaction ratings were high as well as 
performance confidence. The need for healthcare capacity building in Haiti 
is well recognized both locally and internationally. This pilot skills training 
program received positive evaluations from trainers and participants. 
Teaching basic healthcare skills and competencies to native Haitians will 
augment the availability of basic services and improve access to quality 
healthcare services to this most vulnerable of populations. Development of 
additional healthcare educational initiatives and curricula are underway as 
well as expansion of this program.

689
SUITE FOR AUTOMATED GLOBAL ELECTRONIC 
BIOSURVEILLANCE (SAGES): SIMPLIFYING INSTALLATION 
AND IMPROVING USE AND SUSTAINABILITY

Timothy C. Campbell, Aaron T. Katz, Charles J. Hodanics, Zarna 
S. Mistry, Richard A. Wojcik, Jacqueline S. Coberly, Shraddha V. 
Patel, Sheryl A. Lewis
Johns Hopkins University Applied Physics Laboratory, Laurel, MD, United 
States

SAGES is a collection of open source software tools designed to create 
or enhance existing electronic disease surveillance systems in resource-
limited settings. The SAGES architecture uses mobile and web-based 
methods to collect structured data via SMS, Wi-Fi, and Internet connected 
devices. The primary data analysis tool, OpenESSENCE, provides a web-
based interface for data analysis, visualization, and reporting for disease 
surveillance. Development of SAGES began in 2008, but significant 
advancements in open source software, data collection technology, 
and user needs instigated a re-engineering of the system. During initial 
development of SAGES customized systems were developed for each user. 
While this technique supplied a near-perfect fit for each installation, it 
also required significant technical support from the SAGES design team 
during installation. It also made independent configuration of SAGES tools 
by the users more difficult. An analysis of alternatives was done for both 
new front-end and back-end open source solutions for SAGES. The results 
suggested that creation of a base set of tools that would meet most users’ 
disease detection needs and was ready ‘out of the box’ would increase 
the utility and usability of the SAGES software. However, this more generic 
version of SAGES also needed to leverage industry standard technologies 

to facilitate expansion of the generic system by users and by the SAGES 
development team. This presentation will describe the re-engineering of 
SAGES that began in 2013. The aim was to improve ease of installation, 
configuration, and use of the system, and to create a system that would 
meet the needs of 80% of users but be flexible enough to allow users 
to expand the system as needed. Particular attention will be paid to the 
trade-offs between designing customized systems versus designing ‘out 
of the box’ ready systems suitable for most users. The challenges of 
designing systems when technology is changing rapidly and where early 
design decisions have long term, and often unexpected, impacts will also 
be discussed, as will the challenges of designing tools for use in resource-
limited setting.

690
TRAUMA EDUCATION FOR MEDICAL STUDENTS: IMPACTING 
THE TRAUMA BURDEN IN ETHIOPIA WITH UNDERGRADUATE 
MEDICAL EDUCATION REFORM

Malena A. Outhay1, Isa I. Wismann-Horther1, Lucy C. Unger1, 
Amina I. Merchant1, Milliard Derbew2, Kelly McQueen1

1Vanderbilt University School of Medicine, Nashville, TN, United States, 
2Addis Ababa University School of Medicine, Addis Ababa, Ethiopia

Ethiopia is a developing nation with a significant trauma burden and a lack 
of policy, infrastructure, and emergency medical services to address this 
burden. Though injury is one of the top causes of mortality in Ethiopia, 
trauma education and management training is not standardized across 
the country. Ethiopian medical school graduates are required to serve 
rural populations as general practitioners, and they often lack skilled 
hospital personnel to assist in managing critical trauma management. The 
purpose of our study is to determine the feasibility of implementing a basic 
trauma triage and resuscitation course for Ethiopian medical students, a 
population that will address trauma in locations where access to supplies 
is limited. Furthermore, we investigate the utility of this course as a 
teaching tool to expand the capacity to impact the trauma burden in low-
resource settings. This modified ATLS-based course focused on the ABCD 
(airway, breathing, circulation, and disability) management of emergency 
care in low-resource settings. The educational session included a pre-
test, educational intervention, and post-test. Two groups of participants, 
medical students (N=39) and laypersons (N=39), completed the entirety 
of the course. Both groups demonstrated an improvement in test scores 
following the education intervention. The medical school students had a 
mean post-intervention test score of 92% (SD = 8) and laypersons had a 
mean score of 75% (SD = 12). A t test for equal variances demonstrated 
significant difference between the post-intervention scores for the two 
groups (p = 0.01), and all 78 participants demonstrated significant 
difference between their pre- and post-test scores based on a paired t 
test (p = 0.01). Furthermore, all 78 participants were able to demonstrate 
the basic skills of the primary and secondary survey in ATLS. Based on this 
study, a basic trauma-training course provides new information for all 
participants and can be used to train a supply of teachers for less skilled 
hospital personnel and laypersons.

691
PREDICTIVE STATISTICAL MODELLING TO INFORM 
TUBERCULOSIS MORTALITY ESTIMATES

Ente J. Rood1, Sandra Alba1, Masja Straetemans1, Mirjam Bakker1, 
Charalambos Sismanidis2

1KIT- Royal Tropical Institute, Amsterdam, Netherlands, 2World Health 
Organization, Geneva, Switzerland

The global task force on tuberculosis (TB) impact measurement is 
mandated to periodically review and update methods to estimate TB 
incidence, prevalence and mortality. This study investigates the value of 
predictive ecological modelling to estimate TB mortality in low-income 
countries. A predictive ecological model was built using civil registration 
and vital statistics (CRVS) data with standard coding of cause of death 
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to World Health Organization (WHO) from 128 countries with quality 
CRVS systems collected between 2004-2012. Independent predictors 
of TB mortality, including TB program performance, TB co-morbidities, 
socio-environmental and climatic factors were extracted from online 
data repositories. A two-step procedure was used to select variables. 
Firstly, the association of each variable to TB mortality was assessed by 
fitting a univariate negative binomial model to the data. When predictor 
variables correlated > 80% the best fitting variable was retained. 
Secondly, a stepwise information based procedure was used to identify 
the multivariate model which best fit the data. Predictions were cross-
validated by comparing model predictions to the WHO measurements. 
Out of the 166 ecological predictors initially considered, 19 were found 
to be uncorrelated and significantly associated to TB mortality in the 
univariate analysis. The multivariate model included 11 predictors including 
male life-expectancy, number of new sputum-smear positive cases, 
proportion population living in urban settings, proportion multidrug 
resistant TB cases among all TB cases notified, national health expenditure, 
prevalence of diabetes, HIV positivity rate among all TB cases notified, 
BCG vaccination coverage, percent of TB retreatments among all TB cases 
notified, treatment success rate among retreatments, annual precipitation. 
Predictive statistical modelling is shown to be valuable to estimate TB 
mortality in countries with limited availability of TB data. The predictive 
power of the model may be improved by considering more complex 
covariate correlation structures (random) to account for region specific 
variations to the model currently presented.

692
GLOBAL QUEST FOR QUALITY AND MRIGLOBAL

Jolanta S. Jacobs, Cao Shi-Nian, Joanne M. Horn
MRIGlobal, Frederick, MD, United States

Laboratory and health care quality is becoming synonymous with 
competency and reliability; accreditation and certification are sought after 
by increasing numbers of facilities in many countries. In January 2008, 
representatives from World Health Organization, US PEPFAR, US Centers 
for Disease Control and Prevention, World Bank, several universities and 
33 countries issued The Maputo Declaration recognizing the need to 
strengthen laboratory services and systems in developing countries. WHO 
and US CDC subsequently issued a statement calling for countries with 
limited resources to establish a path towards laboratory accreditation to 
ISO 15189 standard; as a result, in 2009, WHO AFRO launched Stepwise 
Laboratory Improvement Process Towards Accreditation in the African 
Region (SLPTA) program, making accreditation more accessible, affordable 
and sustainable for African countries. In other regions, Thailand and 
Argentina have been hailed as great examples of developing national 
laboratory quality programs. Republic of Kazakhstan in Central Asia is 
another example of a country that understands the need for accreditation 
and is making great strides in this arena. MRIGlobal, registered to the ISO 
9001 and accredited to ISO 17025, with several ASQ Certified Quality 
Auditors, has contributed to the incorporation of QMS elements and ISO 
15189 laboratory quality standard into the curricula of the Kazakhstani 
National Medical University in the Republic of Kazakhstan. After a 
thorough review of the Medical University curricula, MRIGlobal has 
worked with faculty and administrators to formulate a roadmap to achieve 
the integration of laboratory QMS with medical school coursework. 
This project has enabled the stakeholders to introduce international 
quality standards into clinical laboratory education, which will result in a 
sustainable laboratory quality in RoK.

694
ENGAGING STUDENTS IN ADVOCACY, EDUCATION, AND 
RESOURCE MOBILIZATION TO SUPPORT THE EFFORT TO 
CONTROL AND ELIMINATE NEGLECTED TROPICAL DISEASES: 
THE END7 CAMPAIGN MODEL

Emily Conron
Sabin Vaccine Institute, Washington, DC, United States

In January 2012, the Global Network for Neglected Tropical Diseases 
launched END7, an international advocacy campaign to raise the 
awareness and funding necessary to control and eliminate the seven most 
common neglected tropical diseases (NTDs) through targeted engagement 
with grassroots supporters. Undergraduate and graduate students at 
universities around the world have become a key constituency advancing 
END7’s goals. Through its student engagement program, END7 seeks 
to develop the next generation of scientists, researchers, and advocates 
needed to see the NTD control and elimination effort to its completion. 
END7 works to engage students in the campaign, develop their leadership 
skills, and equip them with the resources necessary to plan advocacy, 
education, and fundraising events on campus. A specific theme, ranging 
from “NTDs and WASH” to “NTDs and Human Rights,” is selected for 
each month of the academic year. The campaign blends digital organizing 
with traditional constituent engagement, complementing social media 
promotion, webinars, online petitions, and other digital tools with 
personal communication with student leaders, on-campus presentations, 
and support for student leaders to attend conferences and policy events. 
This online/offline approach has mobilized a large and growing community 
of students to support the campaign from universities across the United 
States, Europe, and the Middle East. Student groups at more than fifty 
universities have raised nearly $50,000 for NTD treatment programs and 
completed more than 2,500 targeted advocacy actions, ranging from 
online petitions urging the United Nations to include an NTD-specific 
target in the Sustainable Development Goals to meeting with members 
of Congress to advocate for an increase in funding for the United States 
Agency for International Development NTD Program in the U.S. federal 
budget. Through regular access to experts in the field, END7 student 
leaders develop a sophisticated understanding of the science underlying 
the WHO NTD Roadmap and the policy and resource mobilization targets 
that will need to be met in order to implement it - connecting science, 
policy, and program implementation.

695
‘A PEACEFUL PREGNANCY’: THE INFLUENCE FOR CULTURAL 
SCHEMAS ON INTERMITTENT PREVENTION FOR MALARIA IN 
PREGNANCY IN MALI

Emily Hurley, Namratha Rao, Meredith Klein, Steven A. Harvey
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States

Research on intermittent preventative treatment of malaria in pregnancy 
has identified health system, cultural and individual barriers to uptake. 
Few studies have focused on links between such barriers and cultural 
schemas, culturally-shared cognitive systems that influence individual 
decision-making. Our study sought to understand Malian cultural schemas 
of pregnancy and their effect on local concepts of IPTp. We conducted 
interviews and focus groups with women, husbands, mothers-in-law 
and health workers in 4 rural villages in Sikasso and Koulikoro. We also 
observed antenatal care in health centers at each site. Women state 
that malaria is a significant threat to a healthy or “peaceful” pregnancy. 
For prevention, informants mention long-lasting insecticidal nets 
(LLINs), hygiene, nutrition and avoiding heavy work. Few mention IPTp 
spontaneously. When prompted, some recall receiving pills that fit the 
description of sulfadoxine pyrimethamine, but most are unsure of their 
purpose. During observations, SP was administered with little or no patient 
counseling. Some women asked about free LLINs, but none mentioned 
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IPTp or SP. In contrast nearly all recall receiving iron tablets and describe 
them as a key ANC element. Many link them to a Bambara ethnomedical 
concept about the importance of “strong” blood in pregnancy. In ANC 
consults, clinicians often refer to FeSO4 using a local Bambara term 
consistent with this concept. No analogous local term exists for SP or 
IPTp: Clinicians; if they mention it at all, use French. Existence of a linked 
Bambara term and construct may help explain why FeSO4 salience is so 
much higher than that of IPTp, despite women’s view of malaria as a 
serious threat to pregnancy. Rebranding SP to tie it more closely with the 
cultural schema of “peaceful” pregnancy may help increase its salience 
and uptake. Strategies could include coining a meaningful local term 
for SP, administering it concurrent with LLIN distribution, and publicly 
promoting it as a free and valuable benefit. Raising SP’s profile within the 
cultural narrative of “peaceful” pregnancy could increase demand for IPTp, 
thus reducing Mali’s MIP burden.

696
EPISAMPLE: AN ANDROID APP FOR POPULATION-BASED 
EPIDEMIOLOGICAL SURVEYS

Belendia Serda1, Tim McDonald2, John Miller3

1PATH, Addis Ababa, Ethiopia, 2Widenet Consulting, Bellevue, WA, United 
States, 3PATH, Lusaka, Zambia

Household surveys are required for benchmarking many national and 
global indicators such as those used for Millennium Development 
Goals or national malaria control programs. Survey sampling is a critical 
component for household surveys to ensure representativeness but can be 
difficult and expensive for field implementation. EpiSample is an Android-
based application that builds off of ODK 2.0 tools and offers additional 
census, sampling, and survey interviewing capabilities to facilitate the 
implementation of population-based epidemiological surveys using 
Android devices. Features are grouped into the following categories: 
census, sampling, navigation, surveying, and data aggregation. Census 
features include: (a) efficient census listings including the use of GPS 
coordinates of target points, (b) in-field aggregation of lists collected 
on multiple devices onto one device for sampling without the need for 
a laptop, (c) data connection, or cables, and (d) the ability to capture 
additional points of interest that can be excluded from the sampling. 
Sampling features include the application of a random sampling algorithm 
to a listing of points to select: (a) primary points to survey, (b) additional 
or oversampled points (if needed), and (c) replacement points that can 
be used to replace a primary or additional point that cannot be surveyed. 
The number of points selected can be defined in advance and locked 
down via a password-protected configuration or can be defined during 
field implementation. EpiSample allows surveying of points collected 
in the field and sample selection using a random sampling feature or 
points imported from a csv file. Points can be filtered or sorted in various 
combinations based on the type of point, distance from the device, time 
of data entry, interviewer name, Android device identification number, or 
point location. EpiSample can be used to open and manage ODK Survey-
based questionnaires. All census and survey data collected can then be 
sent to a central server where it is aggregated and stored using ODK 2.0 
tools. EpiSample will be used to conduct national malaria indicator surveys 
in Zambia and Ethiopia in 2015.

697
GEOSPATIAL COVARIATES AVAILABLE IN GOOGLE EARTH 
ENGINE FOR DISEASE MODELING

Daniel J. Weiss1, Harry Gibson1, Matthew D. Hancher2, Allison 
Lieber2, Peter W. Gething1

1University of Oxford, Oxford, United Kingdom, 2Google, Inc., Mountain 
View, CA, United States

The Malaria Atlas Project (MAP), University of Oxford has compiled a 
suite of geospatial covariates useful for characterizing the spatiotemporal 
patterns of malaria prevalence via their relationships with vector ecology. 

The covariates consist of metrics that quantify environmental factors (e.g., 
temperature, moisture, and vegetation) known to affect the prevalence 
of numerous infectious diseases. To make these datasets available to the 
wider health research community MAP and Google have partnered to 
add them to the Google Earth Engine platform, which provides an online 
processing environment, data repository, and data distribution system that 
maximizes the utility and exposure of MAP covariates. Currently available 
covariates consist of global grids of land surface temperature (day, night, 
and diurnal flux), enhanced vegetation index, and brightness and wetness 
indices, with a 2.5 arc-minute (~5 km) spatial resolution and a monthly 
temporal resolution, for 2000-2014. These datasets were derived from 
MODIS satellite imagery and gap-filled to remove the effects of cloud 
contamination, thus producing wall-to-wall spatial coverage for the full 
15-year time-series.

698
TESTING DRUG QUALITY AT ALL POINTS IN THE SUPPLY 
CHAIN: INTEGRATION OF TECHNOLOGY AND HEALTH 
SYSTEM

Nga T. Ho1, Darash Desai1, Andrea Fernandes1, Wolfgang Krull2, 
Alfred Banahene3, Geoffrey Togoh3, Lukas Roth4, Kennedy M. 
Chibwe4, Muhammad H. Zaman1

1Boston University, Boston, MA, United States, 2Center for Integration 
of Medicine and Innovative Technology, Boston, MA, United States, 
3Center for Pharmaceutical Advancement and Training, United States 
Pharmacopeia, Accra, Ghana, 4Promoting the Quality of Medicine, United 
States Pharmacopeia, Rockville, MD, United States

Substandard and counterfeit medicines are a major public health threat, 
not only because they cause loss of life and financial burden, but also 
because they lead to long-term drug resistance in vast areas affecting 
millions of people. With the growing global challenges in combat 
substandard and counterfeit medicines, there is an urgent and dire need 
to come up with tools that are not only affordable, but also quantitative, 
easy to use and are able to test drug ingredient and dissolution rapidly at 
multiple points within the health system. Current tools, unfortunately, are 
too cumbersome, expensive or qualitative and hence ill-suited for testing 
drugs at all points in the supply chain. We have developed, within our 
PharmaChk platform to test drugs, rapid luminescent and fluorescent 
assays to quantify Artesunate (ATS) and Amodiaquine in mono and 
combination therapies and are now extending our work to other life 
saving commodities including oxytocin. Here, we will discuss the design 
of the technology, laboratory tests, our field trials in Ghana focusing on 
both tablet and injectable formulations and our overall results which 
show excellent agreement with the gold standard method (HPLC) despite 
orders of magnitude cost difference in the two technologies. Overall, 
our lab results, combined with field studies show high performance and 
substantial improvement over field based methods, both in precision and 
accuracy, of our drug testing platform, PharmaChk. Finally, we will also 
identify areas of growth and improvement and also how we are working 
with partners both in and outside Ghana to integrate the technology 
within the healthcare system to substantially improve drug quality and 
save precious lives.
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699
GENOMICS APPROACH TO IDENTIFY THE 
IMMUNODOMINANT BABESIA MICROTI ANTIGENS FOR THE 
DIAGNOSTICS AND VACCINE USE

Nitin K. Verma, Hong Zheng, Ankit Puri, Catherine Bradley, 
Sanjai Kumar
Laboratory of Emerging Pathogens, Division of Emerging and Transfusion 
Transmitted Diseases, Office of Blood Research and Review, Center for 
Biologics Evaluation and Research, Food and Drug Administration, Silver 
Spring, MD, United States

Babesiosis, caused by infection of erythrocytes by parasitic protozoans 
of genus Babesia, is a major public health concern in many parts of the 
world. In United States, B. microti is the dominant species and about 
1200 clinical cases of babesiosis are reported annually, mostly in the 
endemic areas in Northeastern, Mid-Atlantic and upper Midwestern states. 
In addition, disease is highly underreported and misdiagnosed. There is no 
FDA-licensed diagnostic test or vaccine for B. microti. We have applied 
a genomics approach to identify the novel immuno-dominant B. microti 
antigens to develop novel diagnostic tests and evaluate their efficacy 
as vaccine candidate. Using the B. microti genome sequence database 
(www.piroplasm.org) and B. microti Peabody sequence available in the 
Kumar laboratory, we have identified over 300 genes by bioinformatics 
analyses that meet the criteria for immuno-dominance (surface expression, 
repeat units, high copy number etc.) for recombinant expression, antigenic 
characterization and evaluation as diagnostic and vaccine candidate. 
In addition, in a parallel approach, we have developed more than 14 
unique monoclonal antibodies using spleen cells from mice immunized by 
repeated infections with live B. microti parasites. The characterization of 
these mAbs for antigenic recognition by Western Blot and IFA, and finer 
epitope mapping by the phage display library approach is in progress. 
Whole-genome-fragment-phage-display libraries (GFPDL) expressing the 
open reading frames of B. microti genome were constructed. Each GFPDL 
contains more than 109 individual phages expressing B. microti sequences 
of 50-250 amino acids as fusion proteins with the pIII coat protein of the 
M13 bacteriophage. Anti-B. microti monoclonal antibodies will be used 
to 1) identify the immuno-dominant B. microti antigens, and 2) develop a 
B. microti antigen detection assay for application in acute diagnosis and 
to screen blood donors with low-grade asymptomatic infections. Details of 
these studies will be presented.

700
ECTOPARASITES FROM DOMESTIC ANIMALS DEVOID FOR 
RICKETTSIAL AGENTS, CUZCO, PERU

Carmen Flores-Mendoza1, David Florin2, Steev Loyola1, Frederick 
Stell1, Allen L. Richards3

1U.S. Naval Medical Research Unit - 6, Lima, Peru, 2Uniformed Services 
University of the Health Sciences, Bethesda, MD, United States, 3Naval 
Medical Research Center, Siver Spring, MD, United States

In order to develop effective control measures against arthropod-borne 
diseases, it is very important to identify the pathogens and their vectors. 
In southern Peru, there have been few studies on domestic animal 
ectoparasites and their pathogens. However, there has been evidence 
of spotted fever group of rickettsial infections in patients from the same 
region. The purpose of this study was to detect and identify rickettsial 
agents of ectoparasites collected from domestic animals in southern 
Peru. Ectoparasite collections were performed in 14 sites in Cuzco, Peru 
during August 2013. The study sites were located between 2,938 and 
4,014 m.a.s.l. On average, the min and max temperatures were registered 
between 2C and 24C. All visible ectoparasites were removed with fine 
forceps, preserved in 95% ethanol and transported to NAMRU-6 where 
they were identified using morphological keys. Each specimen was cut 
in half and one half was used for DNA extraction with PrepManTM Ultra, 
followed by detection/identification using a genus -specific qPCR assay 
for Rickettsia targeting the 17-kD antigen gene. A total of 222 animals 

from twelve types of domestic animals (donkeys, burrows, horses, cows, 
pigs, chicken, goats, guinea pig, sheep, llama, alpaca, and vicuña) were 
sampled. From 122 animals, 1657 lice, 39 ticks, and 1 flea were collected. 
A total of 400 (24%) qPCR reactions were performed with DNA from: 
Melophagus ovinus (19.3%, 300), Haematopinus eurysternus (80%, 
4), Bovicola bovis (83%, 10), Otobius megnini (89.7%, 35), Bovicola 
caprae (75%, 3), Linognathus stenopsis (89.5%, 17), Bovicola 
equinus, (80%, 8), Tunga penetrans (100%, 1), and Haematopinus 
suis (50%, 22). All samples tested were negative for rickettsial DNA. 
M. ovinus was the most common ectoparasite (98%, 1563), which 
was collected from sheep (93%, 1551) and donkeys (0.8%, 12), and 
the other nine species of ectoparasites made up only 2% of all the 
ectoparasites collected. There is a possibility that the austere environment 
(high elevation, and low temperature and humidity) may have played 
an important role in the lack of rickettsial agents encountered in the 
ectoparasites assessed from Cusco.

701
EMERGENCE FOR LYME DISEASE IN NORTH DAKOTA: HOW 
DID IT GET THERE AND HOW IS IT BEING SUSTAINED?

Jefferson A. Vaughan, Michael W. Dougherty, Chad A. 
Stromlund, Robert A. Gaultney, Catherine A. Brissette
University of North Dakota, Grand Forks, ND, United States

Northeast North Dakota is highly agricultural with large amounts 
of acreage devoted to industrial scale farming. But lying within the 
expanse of field crops are islands of forested areas. Since 2010, breeding 
populations of deer tick, Ixodes scapularis, have consistently been present 
in the larger (>200 hectares), disjunct ‘forest islands’. So far, the field 
infection rates of Borrelia burgdorferi (agent of Lyme disease) and 
Anaplasmosis phagocytophilum in North Dakota deer ticks have been 
relatively low (3 to 5%) compared to endemic regions to the east. Analyses 
of the mitochondrial DNA of deer ticks collected from different forest 
islands revealed a high haplotype diversity (Hd=0.80), suggesting that the 
forest islands were being colonized continuously from multiple sources. 
The likeliest host candidate to explain such pattern would be birds. 
Therefore in 2014, birds were collected in northwest Minnesota - the 
geographically closest area of Lyme disease endemicity. Of 104 passerine 
birds examined, five (4.8%) tested positive by PCR and sequencing for B. 
burgdorferi, supporting our hypothesis of avian introduction of infected 
ticks into northeastern North Dakota. Nearly half of the small mammals 
captured in forest islands were white-footed mice (Peromyscus - known 
reservoir of Lyme disease) and half were red-backed voles (Myodes 
gapperi). Both voles and mice were parasitized by immature deer ticks. 
A small percentage (ca. 6%) of engorged ticks pulled from voles and 
mice tested positive by PCR for Borrelia and Anaplasma. To determine 
whether voles served as reservoirs for Lyme disease or conversely, as dead-
end hosts (i.e., dilution hosts), a laboratory colony of red-backed voles 
was established. F-1 voles were injected with B. burgdorferi s.s. and at 
2 and 4 weeks, the voles were infested with larval deer ticks. Engorged 
ticks were allowed to molt to nymphs and the nymphs were re-fed on 
naïve laboratory mice to determine if the larval ticks got infected and, as 
nymphs, were able to transmit the borreliae. At the time of this writing 
(April 2014), final data are still forthcoming and will be presented at the 
meeting.

702
CONTROL FOR VISCERAL LEISHMANIASIS: PERCEPTIONS, 
ACCEPTANCE AND WEAKNESSES FOR INDOOR INSECTICIDE 
SPRAYING (IRS) CAMPAIGN

Paritosh Malviya
Banaras Hindu University, Varanasi, India

Visceral Leishmaniasis (VL) is a fatal vector born infectious disease 
transmitted by Phlebotomus argentipes sand flies. The disease is highly 
endemic in Muzaffarpur district of India. The elimination program targets 
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on vector control by indoor residual spraying (IRS) using DDT twice a 
year. The IRS coverage increased from 17% in 2010 to 70% in 2013. 
However, even in the villages with 100% coverage vector density did not 
reduce significantly. With the objectives of determining the perception and 
acceptance by the community and Identifying weaknesses in the current 
IRS practical execution, we conducted 16 focused group discussions 
(FGD) among villagers and spray team members in the five endemic 
villages: three with low coverage (<60%) and two with higher coverage 
(>85%). Male and female households’ heads representing wider section 
of the community in terms of socio-economic status, education, and 
caste formed heterogeneous groups. Our FGDs identified several ditches 
between the planning and monitoring of IRS program including poor 
quality of insecticide, diluted solution, inadequate spraying of wall and 
peri-domiciliary areas and no spraying in remote houses. IRS was done 
only once in a year. Pungent bad odour, stain on the walls, contamination 
of food items and occasional illicit demands from spray team were the 
main factors for the non-acceptance in the low coverage villages. Denial 
of spraying in washrooms, no prior information, unknown team members 
and purdah by the rural women were other common reasons. Spray team 
complaints about refusal by the well-built houses, and resistance from 
Musahar caste. Both the community and the spray team advocated for 
awareness campaign and prior announcement, involvement of ASHAs/
ANMs in IRS activities, spraying at least twice a year and improving 
quality of spray solutions. The spray team demanded increased and timely 
payment and upgraded equipment. We did not observe major trouble 
and discomfort in the community towards the IRS program, however 
people felt IRS grossly ineffective. The program should immediately focus 
on improving IRS campaign as deficient coverage may develop resistance 
against the insecticide.

703
PREVALENCE OF RICKETTSIAE IN FLEAS AND MITES 
COLLECTED FROM WILD RODENTS IN KENYA

David C. Abuom1, Beth Mutai1, Daniel Ngonga1, Bernard 
Agwanda2, Derek Monthei1
1Kenya Medical Research Institute/ United States Army Medical Research 
Unit Kenya, Kisumu, Kenya, 2National Museums of Kenya, Nairobi, Kenya

Rodent-borne diseases pose a public health threat and rodents serve as 
hosts for a number of parasites linked to zoonotic disease. Identifying 
and understanding the epidemiology of rodent-borne diseases associated 
with ectoparasites is important when instituting mitigation strategies. 
Rickettsiae cause significant acute febrile illnesses especially in developing 
countries. Ticks have been incriminated as vectors of rickettsiosis (scrub 
typhus, murine typhus, and tick typhus). Rodent parasites such as fleas 
and mites are also possible vectors that can transmit rickettsiae and could 
possibly play an active role in maintaining and transmitting rickettsiae in 
the absence of livestock. Rodents were collected across three sites with 
varying habitat conditions. Ectoparasites were removed by combing with a 
fine tooth nit comb. The parasites were identified and pooled per rodent 
and per species. Fleas and mites were pooled and total nucleic acids 
extracted from them. The DNA was screened for evidence of rickettsiae 
nucleic acid using two quantitative real time PCR assays that were specific 
to the Rickettsiae genus and Rickettsia felis. A total of 208 rodents and 
small mammals comprising 12 different species were collected. The 
rodents were groomed and 187 mites and 124 fleas were collected. Fleas 
were identified as Dinopsyllus lupus (85/124; 68.5%), Xenopsyllus 
cheopis (35/124; 28.2%) and Leptsylla spp. (4/124; 3.5%). Mites were 
identified as Haemolaelaps spp. Mites had the highest prevalence 
of rickettsiae (13.9%) compared to fleas (10.5%). Several species of 
rickettsiae have been identified in Kenya including Rickettsia typhi, R. 
africae, and R. felis. It is possible that rodents provide stable reservoirs 
for rickettsiae. Detection of rickettsiae in rodents indicates that control of 
rodents could be a possible way of controlling rickettsiae. More genetic 
analysis needs to be conducted to characterize rickettsiae species in 
fleas and mites in addition to studies conducted during over overlapping 
seasons to establish seasonal patterns.

704
UTILITY OF MATHEMATICAL MODELLING OF VECTOR-BORNE 
DISEASE

Steven D. Haenchen, Heidi E. Brown
University of Arizona, Tucson, AZ, United States

Mathematical epidemiology provides a useful toolbox for understanding 
and modeling transmission of vector-borne diseases. By definition, the 
reproduction number, R0, and vectorial capacity present the scientific 
community with easily identified critical thresholds for when cases of 
disease are expected to increase or decrease. However, these models 
make three key assumptions regarding the mechanisms by which 
transmission occurs that may fail to match reality: 1) a single host, single 
vector system, 2) consistency of model parameters over time, and 3) 
homogenous mixing of hosts and vectors. While most disease systems 
will not behave in manner that is as clear and easily interpretable as these 
mathematic equations, the degree to which any individual system breaks 
these assumptions varies. We utilize a complex vector-borne disease 
system, plague in mammalian populations, to demonstrate how each of 
these assumptions could prove invalid. This analysis shows that classic 
models of transmission are useful for making relative comparisons of the 
force of infection given specific differences in a disease system. However, 
the validity of applying these models rests strongly in the assumptions 
made. As a result, the interpretation needs to be carefully considered 
and explicitly presented within the limits of the assumptions. Despite 
these potential limitations, we present situations in which these models 
effectively represent the biological system being modeled and suggest 
alternative methodologies to model more complex disease systems.

705
SEROPREVALENCE AND RISK FACTORS FOR RICKETTSIA AND 
LEPTOSPIRA INFECTION IN PUERTO MALDONADO, PERU

Gabriela Salmon-Mulanovich1, Mark Simons1, M. Claudia 
Guezala1, Carmen Flores1, Tatiana Quevedo2, Mariana Leguía1, 
Steev Loyola1, Enrique Canal1, Matthew Kasper3, Hugo R. Rázuri4, 
Daniel G. Bausch5, Allen L. Richards6

1Naval Medical Research Unit - 6, Lima, Peru, 2Naval Medical Research 
Unit - 6, Puerto Maldonado, Peru, 3Armed Forces Health Surveillance 
Center, Silver Spring, MD, United States, 4McGill University Health Centre, 
Montreal, QC, Canada, 5Tulane School of Public Health and Tropical 
Medicine, New Orleans, LA, United States, 6Viral and Rickettsial Diseases 
Department, Naval Medical Research Center, Silver Spring, MD, United 
States

Rickettsiae and Leptospira are common but often under-recognized 
causes of acute febrile disease. Rickettsiae are characterized into spotted 
fever group Rickettsia (SFGR) and typhus fever group Rickettsia (TGR). 
The distribution of the two groups is closely related to the distribution of 
their arthropod vectors. Conversely, Leptospira comprise a diverse genus 
with global distribution and a wide variety of animal hosts. To determine 
the burden of Rickettsia and Leptospira infections in the Madre de 
Dios Region in the Peruvian Amazon, we evaluated the seroprevalence 
of these two pathogenic genera among participants of an existing 
community cohort study of respiratory disease in Puerto Maldonado, the 
capital city of Madre de Dios. Rickettsia exposure was assessed by ELISA 
and Leptospira by microscopic agglutination testing. We also assessed 
risk factors for infection associated with seropositivity, collected serum 
samples and ectoparasites from domestic animals, and captured rodents 
in and around households. The antibody prevalence in the 353 humans 
tested was 13.9% (95% CI: 10.4, 17.9) for SFGR, 6.4% (95% CI: 3.9, 
9.3) for TGR, and 11.3% (95% CI: 8.2, 15.1) for Leptospira. Associated 
risk factors for SFGR were contact with birds, working in agriculture, 
older age and male gender while the risk factor for TGR was increasing 
age. No specific risk factors were noted for Leptospira. In 65 households 
we sampled 137 domestic animals (59 dogs, 37 chickens, 25 ducks and 
16 cats), captured 30 rodents, obtaining 130 serum samples and 432 
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ectoparasites (45% fleas, 35% ticks, 18% lice and 1% rodent mites). The 
most common ectoparasite species were Ctenocephalides felis (34.0%) 
and Rhipicephalus sanguineus (32.5%). Testing of the samples obtained 
from household animals and ectoparasites is in progress and will be 
presented at the meeting. The study provides valuable information on the 
burden of Rickettsiae and Leptospira in the region as well as shedding 
light on possible transmission route from domestic animals to humans.

706
CRIMEAN-CONGO HEMORRHAGIC FEVER INVESTIGATION - 
GEORGIA, 2014

Ashley L. Greiner1, Stephanie J. Salyer1, Natia Kakutia2, Kendra 
Stauffer3, Marika Geleishvili3, Nana Mamuchishvili2, Khatuna 
Zakhashvili2, Juliette Morgan3

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
2National Centers for Disease Control and Public Health, Tbilisi, Georgia, 
3Centers for Disease Control and Prevention, Tbilisi, Georgia

By September 2014, the country of Georgia’s National Center for 
Disease Control and Public Health reported 22 cases of Crimean-
Congo hemorrhagic fever (CCHF), the highest annual case count since 
surveillance began in 2009. CCHF is a highly-fatal hemorrhagic illness 
naturally transmitted by infected ticks and animal blood. We investigated 
the 12 rural villages reporting at least one CCHF case in 2014; the goals 
were to assess CCHF risk factors (i.e. ticks, husbandry, and slaughtering/
butchering), document CCHF-related knowledge, attitudes, and practices 
(KAP), and determine seroprevalance. A calculated sample size of 904 
participants was proportionally allocated to each village by population size; 
457 households were randomly selected. We enrolled all consenting adults 
(≥18 years old) residing in the households for the preceding two months. 
We performed a KAP/risk factor survey in conjunction with an anti-CCHF 
IgM and IgG serosurvey. We used Epi Info™ for analysis. Of 634 people 
eligible and available to interview, 618 (97%) completed the survey. Mean 
respondent age was 54 years (Range: 18-101); 214 (35%) were male. 
Most (57%) were agricultural workers; 102 (17%) were herders. Of the 
389 (63%) who had tick contact, 286 (74%) handled ticks bare-handed; 
95 (33%) knew the associated risk. Of 605 respondents, 355 (59%) 
reported animal blood exposure; 32 (9%) knew the associated risk. The 
349 (57%) respondents with CCHF risk factor knowledge were more likely 
to have risk factors than others surveyed (OR=3.07, p=0.006). Of 440 
serum samples collected, 13 (3%) were positive (one IgM, 12 IgG); seven 
(54%) were male. Mean seropositive subjects’ age was higher than mean 
seronegative subjects’ (71 vs. 52 years, p<0.001). Eight (62%) seropositive 
subjects had tick contact and four (31%) had fever in the preceding four 
months. In these rural villages, CCHF risk factors are highly prevalent 
but knowledge is limited and does not lead to preventative practice; 
educational campaigns should target these issues. CCHF seroprevalence in 
these villages is similar to the region’s (~3%), thus improved surveillance 
may account for the increased case detection in 2014.

707
CAN BED BUGS MEDIATE AN URBAN CHAGAS EPIDEMIC?

Sherrie Xie
University of Pennsylvania, Philadelphia, PA, United States

Chagas disease, a zoonotic and vector-borne disease caused by the 
protozoan Trypanosoma cruzi, is endemic throughout much of Latin 
America and affects tens of thousands of people in the United States. 
Recently, a study conducted with laboratory mice determined bed bugs 
to be a competent vector of T. cruzi. In light of these results and the 
dramatic rise in bed bug prevalence in many US cities, we examine 
through mathematical modeling whether bed bugs could mediate 
a Chagas epidemic in an urban neighborhood. The probability of 
transmission occurring within a bed bug infested household was modeled 
through simulations in a discrete stochastic model of bed bug feeding 
and bed bug-mediated T. cruzi transmission. This intra-household model 

was then combined with a discrete SEIS contact network model of inter-
household bed bug infestations to determine the conditions under which 
a transmission event between households might occur. Key parameters 
of the inter-household model include network connectivity, visitation rate 
between contacts, and bed bug prevalence. When possible, parameter 
values were drawn from laboratory studies and field observations, and 
where little data was available – parameter ranges were examined via 
sensitivity analysis. A major limitation of this study was a lack of data on 
human movements between households. Our preliminary results suggest 
intra-household transmission is highly probable, and inter-household 
transmission is probable in a neighborhood with a clustered contact 
network, a high contact rate and high bed bug prevalence.

708
INCIDENCE FOR TICK-BORNE INFECTIONS IN A COHORT FOR 
NORTH CAROLINA OUTDOOR WORKERS

Steven R. Meshnick1, John Wallace1, Meagan Vaughn2, Sheana 
Funkhouser1, Sangmi Lee3, Madhavi Kakumanu3, Loganathan 
Ponnusamy3, Charles Apperson3

1University of North Carolina, Chapel Hill, NC, United States, 2Rho, Inc., 
Chapel Hill, NC, United States, 3North Carolina State University, Raleigh, 
NC, United States

Numerous cross-sectional studies have shown that outdoor workers, such 
as park and forestry rangers, have high seroprevalences of tick-borne 
infections. However, the incidences of these diseases in outdoor workers 
are rarely reported. Here, we report the incidence of tick-borne diseases 
in a cohort of North Carolina park and forestry rangers followed over a 
2-year period with repeated serologies. A cohort of 159 outdoor workers 
from the North Carolina State Divisions of Forestry, Parks and Recreation, 
and Wildlife were followed for 2 years as part of a randomized controlled 
trial evaluating the effectiveness of permethrin-impregnated clothing. 
Antibody titers against Borellia burgdorferi, Rickettsia parkeri, R. 
rickettsii, R. amblyommi and Ehrlichia chaffeensis were measured by 
immunofluorescence assay (IFA) or enzyme-linked immunosorbent assay 
(ELISA) at baseline (n=130), after one year 1 (n=82), and after 2 years 
(n=73). An incident infection was defined as a 4-fold increase in IFA titer 
over a 1 year period. At baseline, seroprevalence (IFA titers of 1:128 or 
greater) among the workers were R. parkeri, 24%; R. rickettsia, 19%; R. 
amblyomii, 12%; and E. chaffeensis, 4%. There were no subjects who 
were reactive to B. burgdorferi C6 antigen at any point in the study. Over 
2 years, there was one clinically confirmed case of Ehrlichiosis and one of 
Spotted Fever Rickettsiosis. There were 50 total seroconversions among 37 
individuals to R. parkeri (n=19), R. amblyomii (n=14), R. rickettsii (n=9), 
and E. chaffeensis (n=8). The risk of infection by any pathogen during 
the study period was 0.26. The risk of infection was lower in subjects 
wearing permethrin-impregnated clothing, but not significantly (RR=0.80; 
95% CI: 0.47, 1.39). In summary, outdoor workers in North Carolina are 
at high risk of incident tick-borne infections most of which appear to be 
asymptomatic.

709
MOLECULAR DETECTION AND CHARACTERIZATION 
OF ‘CANDIDATUS RICKETTSIA ASEMBOENSIS’ IN 
ECTOPARASITES FROM DOMESTIC ANIMALS IN IQUITOS, 
PERU

Steev Loyola1, Melanie Melendrez2, Claudine Kocher1, Allen 
Richards3, Mariana Leguia1

1U.S. Naval Medical Research Unit - 6, Callao, Peru, 2Viral Diseases Branch, 
Walter Reed Army Institute of Research, Silver Spring, MD, United States, 
3Viral and Rickettsial Diseases Department, Naval Medical Research Center, 
Silver Spring, MD, United States

While studying rickettsial infections in Iquitos, Peru, we identified 
Candidatus Rickettsia asemboensis sequences in multiple fleas, ticks 
and lice collected from domestic cats, dogs and chickens. Candidatus 
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Rickettsia asemboensis was first isolated in samples from Kenya. Since 
then asemboensis-specific PCR diagnostics have been developed and 
the full bacterial genome has been sequenced. Following the Kenya 
isolation and its complete genomic characterization, there has been a 
single additional report of asemboensis in Ecuador. Specifically, partial 
fragments of the 16S rRNA (1387 bp), gltA (350 bp), and ompB (464 bp) 
genes were amplified by PCR and sequenced. We now report multiple 
asemboensis isolations from Peru that have been fully characterized by 
multilocus sequence typing (MLST) of the 16S rRNA (1506 bp), gltA (1308 
bp), ompA (1047 bp), ompB (4305 bp), and sca4 (1035 bp) genes. We 
are using these sequences, along with additional genomic information 
derived from next-generation sequencing of the Peru asemboensis isolates, 
to infer phylogenetic relationships among asemboensis strains reported 
to date, and further, to infer the molecular timeline of asemboensis 
evolution in the context of other Rickettsial strains. This work should help 
us better understand Rickettsial infections, which are a leading cause of 
undifferentiated febrile illness commonly found throughout Latin America.   

710
USE FOR A NOVEL REAL-TIME FRET PCR ASSAY FOR 
DETECTION FOR TICK-BORNE RELAPSING FEVER GROUP 
BORRELIA FROM IXODES SCAPULARIS TICKS COLLECTED IN 
WISCONSIN (2013-2014)

Harmony L. Tyner1, Lynne M. Sloan1, Susan M. Paskewitz2, Diep 
K. Hoang Johnson3, Xia Lee2, Bobbi S. Pritt1

1Mayo Clinic, Rochester, MN, United States, 2University of Wisconsin, 
Madison, WI, United States, 3Wisconsin Division of Public Health, Madison, 
WI, United States

Tick-borne relapsing fever (TBRF) is caused by at least 15 members of the 
Borrelia genus including several species endemic to the United States. 
Although most species in this group are transmitted through the bite of 
a soft-bodied tick, Borrelia miyamotoi is transmitted by the hard tick 
Ixodes scapularis, the same vector as B. burgdorferi. Human infections 
with B. miyamotoi have been reported from Russia and the northeastern 
United States (US), and DNA has been detected in ticks from Japan, 
Canada and the northeastern and midwestern US. We describe a sensitive 
and specific real-time PCR assay for detection of TBRF Borrelia and the 
results from testing Ixodes scapularis field-collected ticks (2010, 2013, and 
2014) from Wisconsin. The TBRF PCR utilizes primers and fluorescence 
resonance energy transfer (FRET) probes targeting a sequence of the 
GlpQ gene which is specific for Borrelia in the relapsing fever group 
and is not found in the Borrelia sensu lato complex. The assay utilizes 
post-amplification melting temperature (Tm) analysis to differentiate B. 
miyamotoi from other causes of TBRF. Assay validation experiments 
showed that the novel PCR is capable of detecting all TBRF agents tested 
(B. turicatae, B. hermsii, B. parkeri) and has a lower limit of detection 
of 1 gene target per microliter of extracted DNA. The assay did not detect 
16 tested Borrelia sensu lato species, (including B. burgdorferi) or 
multiple other bacterial, parasitic and viral tick-borne pathogens. Five of 
257 I. scapularis tested (1.9%; 1 nymphs, 4 adults) were positive for B. 
miyamotoi which is similar to other reported rates of detection from the 
upper midwestern states. The presence of B. miyamotoi DNA in ticks 
collected in Wisconsin suggests that Borrelia species associated with 
Relapsing Fever may be endemic in Wisconsin in hard-bodied ticks and 
may be predictive of future disease in human populations. This newly 
described real-time PCR assay allows for sensitive detection of TBRF 
Borrelia species and is a useful diagnostic and research tool.

711
ASSESSING DISPERSAL AND DIETARY PATTERNS IN 
BED BUGS (CIMEX LECTULARIUS) FOR VECTOR RISK IN 
PHILADELPHIA, PA

Alexander S. Berry, Dylan M. Tracy, Michael Z. Levy
University of Pennsylvania, Philadelphia, PA, United States

Cimex lectularius, the common bed bug, is abundant across the globe, 
particularly in urban regions. C. lectularius feeds exclusively on blood, 
primarily from humans, posing a risk as a vector of disease. We conducted 
a door to door survey of bed bugs in row homes in Philadelphia. 596 
residents participated, 66(11.1%) of whom reported recent bed bug 
infestations. We confirmed infestations in 15 of these homes by inspection 
and collected insects when possible. Spatial analyses including Ripley’s L 
and Moran’s I were conducted showing that bed bugs may spread to the 
immediate neighboring home (15m). The lack of significant clustering 
on city blocks, however, suggests that the active movement of insects 
between houses is limited, and the presence of insects throughout the 
study area suggests that the rate of active dispersal is overshadowed by 
the rate of passive dispersal. Because bed bugs are competent vectors 
of Trypanosoma cruzi, the etiologic agent of Chagas disease, the high 
prevalence of the insect may facilitate disease transmission between 
human populations. Moreso, bed bugs may serve as a vector between 
animal reservoirs and human hosts by feeding on the various species in 
the same residence. We have used multiplex PCR to detect the presence 
of human, mouse, dog, and cat blood in the gut of each C. lectularius. 
Using C. lectularius samples collected from houses in the survey in 
Southern Philadelphia we will identify the source of each bug’s last blood 
meal. We will use the dispersal and dietary patterns to better assess and 
address the risk bed bugs pose as a vector of disease to Philadelphia 
residents.

712
THE EFFECT FOR LARVAL EXPOSURE TO METAL POLLUTION 
ON THE LIFE HISTORY AND INSECTICIDE RESISTANCE 
PHENOTYPE FOR THE MAJOR MALARIA VECTOR 
ANOPHELES ARABIENSIS (DIPTERA: CULICIDAE)

Shune Oliver, Basil Brooke
National Institute for Communicable Diseases, Johannesburg, South Africa

Anopheles arabiensis is one of the major malaria vectors of Southern 
Africa. This vector has been shown to shown to be strongly affected 
by agriculture, but in this study, the effects of metal pollution on An. 
arabiensis was assessed. In this study,laboratory strains of An. arabiensis 
strains were used to determine whether unselected and strains selected 
for insecticide resistant respond differently to metal pollution. The SENN 
strain is an unselected strain originating from Sennar, Sudan that displays 
baseline resistance. The SENN DDT is selected for DDT resistance and 
displays multiple resistance phenotypes, mediated by the kdr mutation and 
elevated metabolic detoxification enzymes. Hatchling larvae of both strains 
were raised at the maximum acceptable toxicant concentration (MATC) 
of cadmium chloride, copper nitrate and lead nitrate. Development, size 
and subsequent longevity was monitored. The comparative lethal doses of 
the three metals were determined for both strains. Larvae of both strains 
were reared at MATC and the LD50 values for malathion and deltamethrin 
of 4th instar larvae and compared to control larvae. Similarly, the effect of 
rearing SENN DDT larvae at MATC on the insecticide resistance phenotype 
was assessed. The effect of all three metals on detoxification and oxidative 
stress enzymes was assessed. These studies demonstrate a marked fitness 
advantage of the resistant SENN DDT strain over their non-susceptible 
counterparts. The relevance of these findings will be discussed in context 
of increased urban and industrial pollution in Africa.
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713
SUBSTANTIAL FITNESS COSTS FOR WOLBACHIA INFECTION 
ON THE STARVATION RESISTANCE FOR AEDES AEGYPTI 
LARVAE

Perran A. Ross, Nancy M. Endersby, Ary A. Hoffmann
University of Melbourne, Parkville, Australia

The mosquito Aedes aegypti, the principal vector of the dengue virus, 
has recently been experimentally infected with Wolbachia: intracellular 
bacteria that possess enormous potential as dengue biological control 
agents. In order for Wolbachia to spread throughout mosquito 
populations and supress dengue transmission, infected mosquitoes 
must be able to compete with the native inhabitants for access to 
limited resources. Wolbachia depend on their hosts for a wide range of 
nutrients which they are unable to synthesize themselves. Consequently, 
competition between Wolbachia and their hosts for nutrients could 
negatively affect host survival and development under the resource-limited 
conditions commonly experienced by Ae. aegypti larvae in the field. 
We test the tolerance of Ae. aegypti larvae to starvation when infected 
with one of three experimentally-generated Wolbachia strains: wMel, 
wMelPop and wAlbB, and compare their survival to wild-type uninfected 
larvae. We find that all three Wolbachia infections reduce the starvation 
resistance of larvae relative to uninfected. Additionally, the relative costs to 
starvation resistance for each of the three infections are concordant with 
previously characterized fitness costs in other life stages; highly virulent 
strains that reduce adult lifespan and egg viability also substantially reduce 
the starvation resistance of larvae, while benign infections only have a 
small deleterious effect. A reduced ability of Wolbachia-infected larvae to 
survive in resource-limited habitats will limit the potential for Wolbachia 
infections to establish in highly competitive Ae. aegypti populations and 
control the spread of dengue.

714
IS MALARIA VECTORS PEAK BITING TIME CHANGING? THE 
IMPLICATIONS FOR MALARIA CONTROL IN WESTERN KENYA

Lucy A. Abel
AMPATH, Eldoret, Kenya

Malaria is a major cause of morbidity and mortality in Kenya. Prevention 
strategies include vector control efforts such as ITNs and IRS which 
exploit the vectors behavior of feeding and resting indoors. However 
recent studies indicate malaria vectors biting and resting behavior may be 
changing in response to control measures. This study was set up to assess 
the biting pattern, species composition and genetic mutations associated 
with resistance amongst malaria vectors in western Kenya. Mosquitoes 
were collected at 2 hr intervals throughout the night using a rotating 
specimen collector attached to a CDC light trap set in a room with 2 
sleeping spaces covered by ITNs. Collection continued for 11 months. 
Mosquitoes were collected every other week for 4 consecutive nights. The 
first cup collected mosquitoes from 6:30-8:30pm and rotated each 2 hr 
interval thereafter. The last cup remained open from 6:30am until 9:30am. 
A trap set before 6:30pm collected mosquitoes into ‘Cup 0’ until 6:30pm. 
Malaria vectors from each cup were identified and abdominal status 
determined. A total of 1082 mosquitoes were captured; 636 Anopheles 
and 446 Culex. 627 of the Anopheles mosquitoes were female. 5% 
(31/619) of the females were fed and 39% (12/31) of those were gravid. 
Most mosquitoes were caught before 6:30pm and after 6:30am with a 
minor peak between 1030pm-1230am. 494 anopheles were identified 
as either Anopheles gambie ss (48%), An. funestus(33%) or An. 
arabiensis(19%). >50% of An. gambiae ss and An. arabiensis were 
captured before 6:30pm and after 6:30am while 41% of An. funestus 
were captured between 1030pm-0430am. Sporozoite rate was 1%. 
79% of An. gambaie were homozygous for kdr 1014S allele, associated 
with pyrethroid resistance. There was increased activity of malaria vectors 
between 6:30-8:30pm and 6:30-8:30am, which could suggest early 
and late biting as well as exophily and endophagy in malaria vectors. 

There are significant levels of pyrethroid resistance in An. gambiae. This 
could greatly compromise the effectiveness of current vector control 
interventions and thus alternative efforts are needed to address this 
behavioural change.

715
EXPLOITING THE ‘KIDNEYS’ FOR MOSQUITOES FOR THE 
DEVELOPMENT FOR NOVEL INSECTICIDES

Peter M. Piermarini1, Klaus W. Beyenbach2, Jerod S. Denton3

1The Ohio State University, Wooster, OH, United States, 2Cornell University, 
Ithaca, NY, United States, 3Vanderbilt University, Nashville, TN, United 
States

New insecticides are needed to improve our capabilities for mosquito 
control due to the emergence of resistance to conventional control 
agents (e.g., pyrethroids). Here we describe our efforts to develop new 
insecticides that disrupt the renal functions of mosquitoes by inhibiting the 
activity of inward-rectifier K+ (Kir) channels expressed in the Malpighian 
tubules. We show that the Malpighian tubules of adult female mosquitoes 
(Aedes aegypti) express 3 Kir subunits (Kir1, Kir2B, Kir3) that exhibit cell 
and membrane specific localizations within the epithelium. Furthermore, 
we report the discovery of small molecule inhibitors of mosquito Kir1 
channels that disrupt the capacity of isolated Malpighian tubules to 
secrete fluid in a manner consistent with the disruption of Kir-mediated 
K+ secretion. Lastly, we show that the small molecule inhibitors of Kir1 
elicit toxic effects on adult female mosquitoes in part by disrupting their 
excretory capacity and/or regulation of hemolymph K+ homeostasis. Our 
data indicate that the mosquito Malpighian tubules and Kir channels 
are valuable physiological and molecular targets, respectively, for the 
development of novel insecticides.

716
LABORATORY EVALUATION FOR A MIXTURE FOR 
CLOTHIANIDIN AND DELTAMETHRIN AGAINST TWO 
RESISTANT ANOPHELES STRAINS

Karin Horn, Dagmar Gasten
Bayer CropScience, Monheim, Germany

Resistance to currently available insecticides is a major threat to the 
continued success in the fight against malaria. There are few insecticides 
which exhibit desirable features for vector control in their own right; 
however insecticide mixtures present interesting alternatives to explore. 
A mixture containing the neonicotinyl, clothianidin, and the pyrethroid, 
deltamethrin was compared in bioassays against both insecticides applied 
alone at equivalent rates, on wood, concrete and mud. Efficacy was 
investigated with the Anopheles gambiae RSP-H strain (100% kdr 
pyrethroid resistant) and Anopheles funestus FUMOZ-R (elevated levels 
of P450 - resistant to pyrethroids and carbamates). Against FUMOZ-R; 
deltamethrin efficacy was between 60% and 80% on wood, concrete 
and mud at 7, 5, and 5 months, respectively. Clothianidin alone failed 
to fully control FUMOZ-R on any of the treated substrates and efficacy 
remained below 60% except for few readings at 9 months. The mixture 
achieved a higher level of mortality and better overall residuality across 
all tested surfaces with smaller variations between evaluations. The 
mixture achieved efficacy of 80%-100% for 9, 8, and 6 months on wood, 
concrete, and mud, respectively. Against RSP-H, deltamethrin performed 
surprisingly well, with efficacy above 80% up to 9 months on all surfaces; 
Clothianidin performed well initially on wood and remained between 
60%- 80% (with high variability and few readings above 80% ) for 7, 
4 and 4 months on wood, concrete and mud, respectively however the 
mixture achieved 100% efficacy throughout 9 months on all surfaces. This 
study suggests that the mixture performs more reliably against pyrethroid 
resistant mosquito strains on a range of surfaces than either insecticide 
applied alone at equivalent rates. Further studies are underway to confirm 
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this finding in other mosquito strains and under field conditions. The 
implications and potential relevance of such a mixture for indoor residual 
spray application is discussed.

717
CHARACTERIZATION FOR GLUTATHIONE-S TRANSFERASE 
EPSILON 2 (GSTE2) ISOFORMS IN ANOPHELES STEPHENSI

Cherry L. Dykes1, Mark J. Paine1, Martin J. Donnelly1, Om P. 
Singh2

1Liverpool School of Tropical Medicine, Liverpool, United Kingdom, 
2National Institute of Malaria Research, Delhi, India

Glutathione-S transferase belongs to a multifamily gene responsible for 
metabolism and detoxification of endogenous and xenobiotic compounds 
by catalyzing the conjugation of glutathione (GSH) with electrophilic 
compounds resulting in products with greater water solubility easing 
excretion. Amongst the many cytosolic GST classes, Delta and Epsilon are 
specific to insects and show a relationship with resistance. Metabolization 
of DDT due to enhanced DDT dehydrochlorinase activity by enzyme 
glutathione-S-transferase (GST) is one of the mechanisms known in 
insecticide resistance, which is due to qualitative or quantitative changes, 
in particular, overexpression of GST epsilon2 (GSTe2) gene. Here we report 
the occurrence of multiple GSTe2 isoforms in the Asian malaria vector 
Anopheles stephensi. Cloning and sequencing of full GSTe2 gene from 
this vector revealed the presence of four isoforms. The two most abundant 
isoforms GSTe2_1 and GSTe2_2, differed by six amino acids arising from 
12 bp insertion and four bases substitutions. These genes were expressed 
in E. coli for functional analysis. In vitro assays showed that these two 
recombinant isoforms are efficient in metabolizing DDT showing 83% and 
68% DDT depletion, respectively, after 1 hour in the presence of cofactor 
glutathione. Other two isoforms (GSTe2.3 and GSTe2.4) are rare and found 
in DDT-susceptible mosquitoes.

718
DISTRIBUTION OF ANOPHELES GAMBIAE S.L. AND 
ITS INSECTICIDE RESISTANCE PROFILE IN TANZANIA: 
IMPLICATIONS FOR MALARIA VECTOR CONTROL

Bilali Kabula1, Patrick Tungu2, Johnson Matowo3, Robert Malima2, 
Bernard Batengana2, William Kisinza2, Stephen Magesa4, Martin 
Donnelly5, Franklin Mosha3

1Kilimanjaro Christian Medical University College/NIMR, Moshi, United 
Republic of Tanzania, 2National Institute for Medical Research, Muheza, 
Tanga, United Republic of Tanzania, 3Kilimanjaro Christian Medical 
University College, Moshi, United Republic of Tanzania, 4RTI International, 
Dar es Salaam, United Republic of Tanzania, 5Liverpool School of Tropical 
Medicine, Liverpool, United Kingdom

The Anopheles gambiae species complex exhibits an enormous diversity 
in its biology which impacts greatly on its importance as a vector of 
malaria. This study investigated the distribution of members of the An. 
gambiae complex and their insecticide resistance profile relative to the 
ecological differences found across Tanzania. Indoor-resting Anopheles 
mosquitoes were collected from 14 districts located across various 
ecological settings of Tanzania. These were morphologically identified 
and tested for their susceptibility to deltamethrin, lambdacyhalothrin, 
permethrin, propoxur, fenitrothion and DDT using standard WHO 
methods. Molecular diagnostics were used to genotype mosquitoes and 
screen for resistance mechanisms. A total of 7,596 mosquitoes were 
morphologically identified as An. gambiae s.l. of which 2,947 were 
identified to their species level. Out of these, 69% and 31% were An. 
arabiensis and An. gambiae s.s. respectively. Overall An. arabiensis 
predominated and was distributed widely across all ecological zones. The 
distribution of resistance was not homogenous. The species complex was 
resistant to the three pyrethroids tested (mortality rate < 90%) in Moshi, 
Arumeru, Muheza and Muleba. Resistance to DDT was recorded in Dar 
es Salaam and Muleba (mortality rate< 90%). There was no resistance 

to propoxur or fenitrothion. Knock down resistance mutations L1014S 
and L1014F were detected in some parts of the country in both species 
with varying allelic frequencies (4-41%). L1014S mutations were found 
most frequently in An. gambiae s.s. (p<0.05). The cytochrome P450s; 
cyp6p3, cyp6m2, cyp6z1 and cyp6z3 were significantly overexpressed 
in An. gambiae s.s. resistant to DDT. We have demonstrated the 
predominance and wide distribution of An. arabiensis in Tanzania. We 
have also demonstrated that An. gambiae s.l. is becoming resistant to 
pyrethoids and DDT in several parts of the country. This appearance of 
resistance mandates close monitoring and adoption of rational resistance 
management strategies in the country if the gains so far made in malaria 
control are to be sustained.

719
BEHAVIORAL CHARACTERISTICS FOR MALARIA VECTORS IN 
A HIGH INSECTICIDE TREATED NET COVERAGE AREA FOR 
WESTERN KENYA

Andrew Obala1, Judy Mangeni1, Lucy Abel2, Kristin Corey3, Alyssa 
Platt3, Daniel Aswa2, Wendy O’Meara4

1Moi University, Eldoret, Kenya, 2Academic Model Providing Access to 
Healthcare, Moi Teaching and Referral Hospital Complex, Eldoret, Kenya, 
3Duke Global Health Institute, Duke University, Durham, NC, United States, 
4Academic Model Providing Access to Healthcare, Moi Teaching and 
Referral Hospital Complex, Duke Global Health Institute, Duke University, 
Eldoret, Durham, NC, United States

The scale-up of ITN coverage to control malaria hasreturned mixed 
resultsdue to over exposure of malariavectors to insecticides. The 
aim of this study was to determine factorsresponsiblefor continued 
malaria transmission in spite of wide ITN coverage in western Kenya.
Malaria vectors were captured usingCDC light trap, PSC and window 
exit traps. Anopheles gambiae group were identified to species using 
PCR while the sporozoites rate was determined by ELISA method, and 
kdr genotyping was used to determine L1014S and L1014F alleles.
Window exit traps collected fewer mosquitoes; only 15 over 329 nights of 
collection compared to 1061 in 1598 nights of CDC light trap collections 
and 269 in 178 PSCcollections. Amongst anopheline vectors identified 
(n=1,044), 68.2% were An. gambiaess, 20.1% were An. arabiensis 
and An. funestus comprised 11.7%. The proportion of An. gambaiess 
was slightly higher in CDC light traps, althoughthese differences were 
not statistically significant (72% v 67%, p=0.27). 26.4% of anopheles 
mosquitoes were fed, but the sporozoite positivity was only 1%. There 
were significant differences in feeding status by type of collection 
technique; 70% of collections by PSC were fed compared to only 18% of 
those in the light trap. 255 An. arabiensis and 817 An. gambaie were 
genotyped at kdr allele as LL (wildtype), LS or LF (heterozygous resistant), 
and SS or FF (homozygous resistant). A small number of mosquitoes 
carried the F allele; 2.1% An. gambaie and 5.1% An. arabiensis were 
heterozygous LF and 0.4%An. gambaiesswere homozygous FF. 67% of 
An. gambaiess were homozygous resistant (SS) compared to 14% An. 
arabiensis. Homozygous resistant An. gambaiess were slightly more 
likely to have fed (30% vs. 23%, p=0.10), but homozygous resistant An. 
arabiensis were slightly less likely to have fed (18% vs. 40%, p=0.058).
Low proportion of An. arabiensis captured indoors confirms this 
mosquito bites indoors but rests outdoors, which is a challenge to malaria 
control. We report both L1014S and L1014F kdr alleles; these could have 
negatively impacted vector competence and hence low sporozoite rate 
reported here.
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720
EVIDENCE OF MIXED FUNCTION OXIDASES MECHANISM IN 
ANOPHELES GAMBIAE S.L. WITH PYRETHROID RESISTANCE 
IN MALI

Moussa Bm Cisse1, Dereje Dengela2, Bradford Lucas2, Jules 
Mihigo3, Allison Belemvire4, Kristen George4, Christen Fornadel4, 
Suzanne Powell5, Raymond Beach5

1PMI Africa Indoor Residual Spraying Project, Abt Associates, Mali, 
Bamako, Mali, 2PMI Africa Indoor Residual Spraying Project, Abt 
Associates, Bethesda, MD, United States, 3U.S. President’s Malaria 
Initiative United States Agency for International Development, ACI2000, 
Bamako, Mali, 4U.S. President’s Malaria Initiative United States Agency 
for International Development, Washington, DC, United States, 5Malaria 
Branch, Division of Parasitic Diseases and Malaria, Center for Global 
Health, Centers for Disease Control and Prevention, Atlanta, GA, United 
States

There is a growing concern that the spread of vector resistance to 
pyrethroid insecticides (PYs) may compromise the effect of long lasting 
insecticidal nets (LLINs). The only alternative products available for use 
in areas of pyrethroid resistance (pyrR) are LLINs treated with PYs plus 
piperonyl-butoxide (PBO), a synergist that inhibits the activity of mixed 
function oxidases (MFOs) in the mosquitoes. Therefore the President’s 
Malaria Initiative supported a field evaluation of LLINs with PYs plus PBO in 
Mali. One of the activities in this study was verifying the role of the MFO 
mechanism in Anopheles gambiae s.l. with pyrR. An. gambiae s.l. larvae 
were sampled in 38 villages from 2 Districts in southern Mali from August 
to September 2013. The distance of the villages in the same district is 5 
to 10 Km. Local vector populations were screened with the Centers for 
Disease Control and Prevention bottle bioassay test for permethrin and 
deltamethrin resistance. Bottle assays with PBO as a synergist were used 
to determine the association between reduced survival and elevated 
levels of MFOs. Taxonomic identification to species as well as presence 
of the L1014F kdr (knock down resistance) mutation were determined 
by the polymerase chain reaction. According to WHO 2013 resistance 
classification there was evidence of high pyrR in all 38 villages tested. 
After exposure to PBO, the mortality increased significantly (P<0.05) in 18 
out of 38 villages showing evidence of a MFO-based metabolic resistance 
mechanism involved in pyrR. There was high variability both in resistance 
and the effect of PBO on mortality from one village to another. The 
L1014F kdr allelic frequencies were also high: 25%-100% in An. coluzzii, 
69%-100% in An. gambiae s.s. This study confirmed the presence of 
high variability of the MFO mechanism in wild-caught mosquitoes with 
pyrR from one village to another in southern Mali.

721
ENHANCING ENTOMOLOGICAL MONITORING FOR 
THE NATIONAL MALARIA CONTROL PROGRAM IN THE 
DEMOCRATIC REPUBLIC OF CONGO

Seth Irish
Centers for Disease Control and Prevention, Atlanta, GA, United States

Since 2012, the United States President’s Malaria Initiative (PMI) 
has supported the National Malaria Control Program (NMCP) in the 
Democratic Republic of Congo (DRC), one of the highest malaria burden 
countries, by financing malaria key interventions including entomological 
monitoring through the Africa Indoor Residual Spray (AIRS) Project. The 
NMCP has set the objective to regularly monitor vectors throughout 
the country, and be able to have in the near future a well-defined map 
with vectors classification, their behavior, density, and even resistance to 
insecticides. The (INRB), with the close support of PMI, has conducted 
this monitoring in sentinel sites throughout the Democratic Republic 
of Congo. In 2014, entomological monitoring was conducted in seven 
sites in five provinces: Kinshasa, Kisangani, Lodja, Tshikaji, Mikalayi, 
Fungurume, and Kapolowe. In each site, human landing catches and 

pyrethrum spray catches were conducted to determine biting rates and 
to find the species present in each site. Furthermore, resistance tests were 
conducted using WHO tube tests and mosquitoes were analyzed for 
presence of resistance mechanisms (specifically kdr). Anopheles gambiae 
s.l. was the primary malaria vector in DRC, but several other malaria 
vectors were collected (An. funestus, An. moucheti, An. nili, and An. 
paludis). The detection of large numbers of An. paludis has led to a 
separate study to evaluate its importance as a vector in Lodja. Resistance 
to dichlorodiphenyltrichloroethane (DDT) has been widely detected (as was 
resistance to permethrin in 2013), deltamethrin resistance was suspected 
in some cases, and little resistance to carbamates and organophosphates 
was found. The sentinel site system continues to be improved and 
harmonized with the epidemiological sentinel site system. The regular 
collection of entomological data provides useful information to the NMCP 
to inform its vector control decisions and research priorities. Results from 
the newly implemented surveillance system will be shown.

722
A NOVEL LARVICIDE DELIVERY SYSTEM FOR ARTHROPODS

Scott Matthews1, Ivy Hurwitz1, Julin Wang2, Marcelo Ramalho-
Ortigao2, Ravi Durvasula1

1University of New Mexico School of Medicine, Albuquerque, NM, United 
States, 2Kansas State University, Manhattan, KS, United States

For many of the world’s most dangerous vector-borne diseases, larvicides 
are essential to effective disease control. Regrettably, larvicides in common 
use are limited by toxicity, degradation of aquatic resources, evolution 
of resistance, and cost. We have developed a novel approach to larval 
eradication designed to overcome these limitations: use of Baker’s yeast 
(Saccromyces cerevisae) as a delivery vehicle for essential oils. Our 
method of loading essential oils produces a yeast cell continent to the 
entrapped oil but no longer viable. Essential oils are produced by plants 
to combat larval and adult insects and are not toxic to mammals. They are 
lethal to mosquito larvae at low concentrations (50 ppm), but have not 
been tested against the larvae of leishmaniasis vectors. We hypothesized 
that (a) larvae of the leishmaniasis vector Lutzomyia longipalpis would 
consume yeast loaded with an essential oil and (b) consumption of these 
loaded yeast cells would be fatal to the larvae. To test this hypothesis 
we fed 3rd instar L. longipalpis larvae yeast loaded with lemongrass oil, 
an essential oil with established cidal activity against mosquito larvae. 
We completed two trials, with experimental and control groups of 
approximately 30 larvae each. The experimental group was fed a mixture 
of loaded yeast cells and fish meal (95:5 w/w %). The control group was 
fed a mixture of yeast cells free of essential oils and fish meal in the same 
ratio. After 24 hours all larvae fed essential oil-loaded yeast had been 
killed, with only one death occurring in the control group. Although 
the sample size is small, these results argue lemongrass oil is cidal to L. 
longipalpis larvae and that essential oil entrapped in a yeast delivery 
vehicle merits investigation as a novel approach to disease control. It is 
worth noting that preparation of the essential oil-loaded yeast cells is 
low in cost, requiring no specialized equipment or technical skill. These 
attributes, combined with evidence that lemongrass oil is cidal to the 
larvae of multiple arthropods, suggest that the essential oil -yeast system 
may be a viable platform technology for control of multiple vector borne 
diseases.
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723
FINE SCALE HETEROGENEITY OF KDR FREQUENCIES AND 
DELTAMETHRIN RESISTANCE IN AEDES AEGYPTI IN MEXICO

Anna Trett1, Marissa Grossman2, Anuar Medina-Barreiro3, Edgar 
Koyoc-Cardena3, Azael Che-Mendoza4, Jo Lines1, Pablo Manrique-
Saide3, Gonzalo Vazquez-Prokopec2, Audrey Lenhart5

1London School of Hygiene & Tropical Medicine, London, United Kingdom, 
2Emory University, Atlanta, GA, United States, 3Universidad Autonoma 
de Yucatan, Merida, Mexico, 4Secretaria de Salud de Yucatan, Merida, 
Mexico, 5Centers for Disease Control and Prevention, Atlanta, GA, United 
States

Insecticide resistance is a widespread concern in the control of vector 
borne diseases, including dengue fever. Insecticide resistance monitoring is 
most often carried out at sentinel sites, and outcomes are extrapolated to 
describe vector populations over a large geographical scale. The accuracy 
of these extrapolations can be called into question if insecticide pressures 
are heterogeneously applied on a finer scale, as is often the case with 
reactive insecticide spraying targeting Aedes aegypti around the houses 
of reported dengue cases in Mexico. To determine the scale at which 
heterogeneity could be detected in insecticide resistance phenotypes as 
well as kdr molecular markers, a cross-sectional entomological study was 
conducted in two small dengue-endemic towns located on the Yucatan 
peninsula of southern Mexico. Five blocks were sampled in each town. 
Ovitraps were placed in ten randomly selected houses on each side of the 
blocks, and a minimum of ten houses on each block were selected for 
adult mosquito collections. Adult female Ae. aegypti collected from inside 
houses were genotyped to determine kdr allele frequencies and insecticide 
bioassays were performed on mosquitos reared from field-collected eggs 
to determine phenotypic resistance. Significant differences between blocks 
were detected in deltamethrin susceptibility (p<0.0005) and F1534C 
allele frequency (p<0.0001). No significant evidence for the stability of 
heterogeneity was observed when comparing town level resistance data 
over the time period of a year (p>0.1). Fine scale variability of insecticide 
resistance is a particular concern from an operational perspective, since 
the ability to tailor vector control interventions at such a scale is limited 
for many vector control programmes. The operational implications of 
such fine-scale variability in Ae. aegypti insecticide resistance will be 
discussed, with particular reference to limitations in the ability of vector 
control programmes to conduct insecticide resistance management and 
monitoring on a small scale.

724
A NOVEL VIDEO-TRACKING SYSTEM TO RECORD BEHAVIOR 
FOR NOCTURNAL MOSQUITOES ATTACKING HUMAN HOSTS

Natalia Angarita-Jaimes1, Josephine Parker2, Mayumi Abe2, 
Gregory Murray2, Fabian Mashauri3, Jackline Martine3, Catherine 
E. Towers1, Philip J. McCall2, David Towers1

1Optical Engineering Group, School of Engineering, University of Warwick, 
Coventry, United Kingdom, 2Liverpool School of Tropical Medicine, 
Liverpool, United Kingdom, 3National Institute for Medical Research, 
Mwanza, United Republic of Tanzania

The mosquitoes that transmit malaria and many other vectors spend most 
of their adult life within human homes. It is here that they bloodfeed 
and transmit infections and also where vector control, via residual 
insecticides, is most effective in preventing transmission. Knowledge of 
vector behavior in this environment is limited, particularly when describing 
how mosquitoes attack a human host and how insecticides impact on 
such behavior. This is partly because satisfactory technology for tracking 
these small nocturnal insects in traditional dwellings in disease endemic 
communities has never been available. As better knowledge of such 
behavior is a pre-requisite for rational design of novel interventions, we 
have developed a novel camera tracking system that allows the real-
time observation of nocturnal mosquitoes and records their behavior 
when attacking human hosts, within or without a bednet. The system 

addresses the requirements for high resolution over a substantial volume 
(approximately 2.0 x 2.4 x 1.0m) under nocturnal conditions. We describe 
the data processing strategies required to extract individual mosquito 
trajectories and the algorithms to derive insights into mosquito behavior 
as they approach, search and interact with a bednet baited with a human 
host. The high resolution of the system has revealed different behavioral 
modes in mosquitoes attacking a human-occupied bednet, and enabled 
detailed quantification of flight activity, velocity and contact duration 
at precise locations. The complete tracking device has been deployed 
successfully at a remote location in rural Tanzania, enabling the behavior of 
wild mosquito populations to be investigated. The system has considerable 
potential for use in behavioral studies of mosquitoes and many other 
vector groups, and it may provide a new route for investigations ranging 
from fundamental questions on basic behavior to the evaluation of vector 
control tools.

725
LABORATORY STUDIES FOR VECTOR COMPETENCE OF 
CULEX ERRATICUS FOR EASTERN EQUINE ENCEPHALITIS 
VIRUS

Andrea Bingham1, Nathan D. Burkett-Cadena2, Hassan K. Hassan3, 
Thomas R. Unnasch3

1Florida Department of Health, Tallahassee, FL, United States, 2Florida 
Medical Entomology Laboratory, Vero Beach, FL, United States, 3University 
of South Florida, Tampa, FL, United States

Field studies of the ecology of Eastern Equine Encephalitis virus (EEEV) in 
the Southeastern USA have demonstrated that Culex erraticus is among 
the most common mosquitoes at many EEEV endemic sites. Cx. erraticus 
is often infected with EEEV, implicating it as a potential vector in this area. 
However, the competence of Cx. erraticus for EEEV has not been explored 
in detail, though early data have suggested that it might serve as a vector. 
To further explore the competence of this mosquito species for EEEV, Cx. 
erraticus females were collected from wetlands in Tampa, Florida and 
used in laboratory transmission studies. To confirm that females were not 
previously exposed to EEEV in nature, mosquitoes were first allowed to 
feed upon a droplet of honey that was then tested for presence of EEEV. 
Females were then starved for 48 hours before being allowed to feed 
upon chickens infected with EEEV (log10 PFU = 4.17-5.39 PFU/ml). Blood-
engorged mosquitoes were then placed into individual containers and 
maintained for 14d. The rearing containers contained honey droplets to 
provide nutrition for the mosquitoes and to monitor for the presence of 
EEEV in mosquito saliva. The honey was changed out every other day. At 
14d post feeding, mosquitoes were frozen, dissected and examined for 
the presence of EEEV by RT-PCR and IFA. Nucleic acids were also extracted 
from the honey samples and screened for the presence of EEEV RNA. EEEV 
RNA was detected in 89% of the bodies of the infected Cx. erraticus and 
in the legs of 64% of the individuals, providing evidence of a disseminated 
infection. Of the 19 individuals that survived for the entire study period, 16 
(84%) of the mosquito heads were IFA positive for EEEV antigen; of these 
EEEV RNA was detected in the honey from 15 (79%), indicative of EEEV in 
the saliva. Together, these data suggest that Cx. erraticus is a competent 
vector of EEEV.
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EVIDENCE FOR AEDES AEGYPTI OVIPOSITION ON BOATS IN 
THE PERUVIAN AMAZON

Sarah Anne Guagliardo1, Amy Morrison2, Jose Luis Barboza3, 
Dawn Wesson4, Loganathan Ponnusamy5, Helvio Astete6, Gonzalo 
Vazquez-Prokopec1, Uriel Kitron1
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Carolina State University, Raleigh, NC, United States, 6U.S. Naval Medical 
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The dengue vector Aedes aegypti is invading peri-urban and rural areas 
throughout Latin America. Our previous research in the Peruvian Amazon 
has shown that river boats are heavily infested with immature and adult 
Ae. aegypti, likely playing a major role in their long-distance dispersal 
and successful invasion. However, the presence of immature mosquitoes 
provides no information about the timing of oviposition, and whether it 
took place in the boats. Here, we used baited ovitraps deployed on river 
boats to test the hypothesis that Ae. aegypti oviposition occurs during 
boat travel. We deployed a total of 360 ovitraps on 60 different barges 
during August and October of 2013, and February of 2014 (with 20 
barges sampled during each month). We found Ae. aegypti mosquitoes 
in 22 individual ovitraps from 15 out of 60 barges (Premise Index 25%) 
across all sampling dates. Further, the distribution of Ae. aegypti egg 
abundance was highly aggregated: 2.6% of traps (N=7) were responsible 
for 71.8% of eggs found, and 1.5% of traps (N=4) were responsible for 
all (100%) of the larvae found. Similarly, 5% of boats were responsible 
for 71.5% of eggs. To complement our findings that a few boats are 
responsible for most mosquito production and movement over long 
distances, we now add the observation that a few oviposition sites are 
responsible for much of the larval production. When oviposition data are 
considered together with transportation data, we found that 1) large 
barges are a significant source of propagule pressure (the frequency and 
intensity of new introductions) for Ae. aegypti mosquitoes at all life 
stages 2) potential mosquito introductions may occur more frequently at 
different times of the year, as human transit in the Amazon is seasonal 
(even though mosquito oviposition is not). Our results provide strong 
evidence that Ae. aegypti oviposition commonly occurs during boat 
travel, and that the whole life cycle may be completed during a large 
barge voyage. Baited ovitraps targeted to specific boats, sites within a 
boat, and times of year are a potential cost-effective means of monitoring 
and controlling mosquito populations on boats, and introduction to new 
sites.

727
INTEGRATED ENTOMOLOGIC, PARASITOLOGIC AND 
IMMUNOLOGIC SURVEILLANCE FOLLOWING CESSATION FOR 
MDA IN SENTINEL COMMUNITIES IN SIKASSO, MALI

Yaya I. Coulibaly1, Siaka Y. Coulibaly1, Housseini Dolo1, 
Siaka Konate1, Abdallah A. Diallo1, Salif S. Doumbia1, Lamine 
Soumaoro1, Michel E. Coulibaly1, Ilo Dicko1, Moussa B. Sangare1, 
Modibo Sangare1, Massitan Dembele2, Yeya T. Touré3, Louise 
Kelly-Hope4, Katja Polman5, Dominique Kyelem6, Sekou F. Traore1, 
Moses Bockarie4, Amy D. Klion7, Thomas B. Nutman7
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After 7 years of annual albendazole/ivermectin mass drug administration 
(MDA) in 6 Wuchereria bancrofti (Wb) previously highly endemic villages 
in Mali when WHO stopping criteria were met in 2008, surveillance was 
instituted over the subsequent 5 years using a variety of methods that 
included; circulating filarial antigen (CFA) tests (both ICT and ELISA) 
and antibodies to the Wb-specific antigen (Wb123) in all 6-7 year old 
children. Entomological surveillance was also performed using dissection 
of Anopheles gambiae complex.vectors collected monthly (from July to 
December) by human landing catch (HLC) and an additional pyrethrum 
spray catch (PSC) mosquito collection that relied on screening pools of 
Anopheles gambiae complex.using reverse-transcriptase polymerase 
chain reaction (RT-PCR) for infection/infectivity. Data from the children 
demonstrated increases in CFA prevalences over time with 0% (0/289) in 
2009, 2.7% (8/301) in 2011, 3.9% (11/285) in 2012 and 4.1% (13/318) 
in 2013(Trend Chi2= 10.19, p= 0.0014). In 2012 when Wb123 antibody 
was assessed concurrently, there was a reported prevalence of positive 
responses of 1.8% (5/285) that was similar to that of the CFA prevalence 
(5/285). For the entomologic assessments, over the various sampling 
times using HLC, only two Wb-infected Anopheles were observed 
despite 14,575 mosquitoes dissected. Using the PSC method and RT-
PCR technique, no positive pools were observed.Although CFA positivity 
in children was used as the major surveillance tool, adults (8-65 years 
old) were also assessed. Unlike the children, adults showed a decrease 
of the CFA prevalence from 4.9% (39/800) to 3.5% (28/795) and 2.8% 
(50/1,812) respectively in 2009, 2011 and 2012 (Trend Chi2= 7.361, 
p=0.0067) though microfilaremic adults were found within ICT positive 
subjects 2.6% (1/39) in 2009 and 8.3% (3/36) in 2011. These data are 
consistent with a small but real degree of Wb transmission 5 years after 
cessation of MDA in a previously highly endemic area of Mali that met 
the stopping criteria. Most of this transmission appears to be driven by a 
relatively few microfilaria carriers among the adult population.

728
DEVELOPMENT AND OPTIMIZATION OF THE SENTINEL 
MOSQUITO ARBOVIRUS COLLECTION KIT (SMACK)

Brian J. Johnson1, Tim Kerlin2, Sonja Hall-Mendelin3, Jamie 
McMahon3, Giles Cortis4, Gerhard Ehlers5, Scott A. Ritchie1
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Sentinel animals have long been are used throughout the world to 
monitor arbovirus activity in remote areas. However, there are ethical and 
safety implications associated with using the animals, and cross-reactions 
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in serological assays make it difficult to distinguish closely related viruses. 
Mosquito traps are a viable alternative, but most require batteries and are 
often set overnight, thus making them unsuitable for remote locations. 
To overcome these challenges, our goal was to develop a passive sentinel 
mosquito arbovirus collection kit (SMACK) that allows for the detection 
of arboviruses on honey-baited nucleic acid preservation cards (Flinders 
Technology Associates; FTA) that can compete with standard battery-
powered light traps. The efficacy of the SMACK as a mosquito trap was 
tested against the CDC light trap, EVS light trap, and CDC blacklight (UV) 
trap in a field trial conducted in tropical north Queensland, Australia. The 
SMACK caught comparable numbers to both CDC traps when CO2 was 
supplied either by a gas cylinder (500ml/min) or dry ice (1kg), and captured 
significantly more mosquitoes (pooled data) (t7=0.98, P=0.02) than the 
EVS trap. Daily survival of field-collected mosquitoes was significantly 
greater (t12=2.68, P=0.01) in the SMACK (93.1±3.6%) compared to a 
standard passive box trap (PBT) (31.4±5.4%). This increased survivorship 
will maximize the number of sugar-feedings on honey-baited FTA cards as 
it was determined that 66.8±16% of field-collected mosquitoes sugar-feed 
at least twice over a period of 72hr. We are currently testing the ability of 
the SMACK to serve as a sentinel arbovirus surveillance platform at three 
locations in the remote Cape York area of northern Australia. Thus far, 7 
FTA cards have tested positive for Kunjin virus (KUNV) and 2 have tested 
positive for Murray Valley Encephalitis (MVEV), with both MVEV and KUNV 
virus being detected from a single trap on one occasion. The simplicity 
and longevity of the SMACK, combined with its ability to detect arbovirus 
activity in remote locations, makes it a viable alternative to sentinel animal 
programs and a practical substitute for standard light traps.

729
EXPERIMENTAL HUT ENTRANCE AND RESTING BEHAVIOR OF 
ANOPHELES DARLINGI FROM ZUNGAROCOCHA, LORETO, 
PERU

Fanny Castro-Llanos1, Nicole L. Achee2, John P. Grieco2, Karin 
Escobedo-Vargas1, Victor López1, Craig A. Stoops1, Frederick M. 
Stell1, Gissella Vásquez1
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Anopheles darlingi is the most important malaria vector in the Amazon 
region, therefore rigorous characterization of factors contributing to 
its vector competence is vital to its control and prevention of human-
vector contact. Patterns of An. darlingi human landing rates (inside and 
outside of homes), house entry, and indoor resting were described using 
experimental huts located in Zungarococha village, a malaria-endemic 
area in Loreto, Peru. Landing rates (mosquitoes caught/person/hour) were 
evaluated for three days each month during a 12-month experimental 
period. Entry behavior (mosquitoes caught/trap/hour) was evaluated 
for six days each month during the same time period using interception 
traps placed on experimental huts windows and doors. Indoor resting 
behavior of wild-caught and colonized adult females was observed for 
six days each month during a 3-month period using a mark-release study 
design to record preferences on wall, ceiling, window, door, floor and 
other sites within huts. Results of these studies indicated a primarily peak 
in landing rates inside and outside of homes between 2100h to 2300h, 
and occasionally between 1800h-2000h outside homes; no defined peaks 
in hut entry were recorded. In fact, entry rates were very low compared 
with landing rates inside homes. The peak of indoor resting behavior for 
both wild-caught and colonized An. darlingi occurred between 1800h 
to 2100h with a preference for resting in the lower part of hut surfaces 
(door and wall) in both populations. Results from this study provide useful 
insights into the behavior of An. darlingi in malaria-endemic area in the 
Peruvian Amazon, which can help guiding vector control strategies in the 
region.

730
BRUGIA MALAYI INFECTION INFLUENCES VECTOR 
LONGEVITY, FECUNDITY AND HOST-SEEKING BEHAVIOR

Lisa Reimer, Katherine Gleave, Darren Cook, Mark Taylor
Liverpool School of Tropical Medicine, Liverpool, United Kingdom

Understanding vector-parasite interactions is increasingly important as 
we move towards the eradication of lymphatic filariasis. While mass drug 
administration is reducing the parasite burden within populations to low 
levels it is necessary to determine the effects of reduced microfilaria (mf) 
density on disease epidemiology and vector behavior. Aedes aegypti 
mosquitoes were exposed to the filarial parasite Brugia malayi at low 
(5,450 - 7,750 mf/ml), moderate (10,550 - 15, 400 mf/ml) and high 
(15,900 - 17,900 mf/ml) levels of microfilaremia, while control mosquitoes 
were fed uninfected blood. The effect of an infection on host-seeking 
behavior was examined using a short range host assay. The proportion 
of mosquitoes responsive to a human host at different developmental 
periods in the parasite life cycle was recorded and a subset dissected to 
determine parasite prevalence and mean intensity. Volume of ingested 
blood and fecundity were also compared between infected, exposed and 
control mosquitoes. Mosquito mortality was observed for 16 days post-
exposure, and each mosquito dissected to record infection status. We 
observed a 5 fold increase in host receptivity when infective stage larvae 
(L3) were present as opposed to developing stage (L1 and L2) (p<0.001). 
In control mosquitoes, a reduction in receptivity was observed during 
the same period. Furthermore, receptivity was density dependent with 
non-receptive mosquitoes harboring a greater burden of L1 and L2 while 
receptive mosquitoes harbored a greater number of L3 (p<0.001). Density 
dependent decreases in mortality (p<0.001) and fecundity (p<0.01) were 
observed, but the ability of mosquitoes to feed to repletion remained 
unaltered.
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TESTING THE EFFECTS OF LATITUDE ON LIFE HISTORY 
OF ARBOVIRAL VECTORS CULEX PIPIENS AND CULEX 
QUINQUEFASCIATUS
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The mosquito species Culex pipiens and Cx. quinquefasciatus (Diptera: 
Culicidae) are important vectors of arboviruses worldwide, including West 
Nile Virus. Together, these sibling species span the entire United States 
and, where they overlap geographically, there is evidence for hybridization 
between the two. We conducted laboratory experiments to investigate the 
adaptability of mosquito populations to temperature, in order to examine 
population differentiation. Culex egg rafts were collected from 6 sites 
spanning three regions along the Eastern U.S. coast (north, central, south). 
These eggs were reared at two fixed temperatures (16°C and 26°C). Three 
life history traits were analyzed: larval growth rate (days to pupation), adult 
body size (correlated with pupal weight), and preadult developmental 
time (days to emergence). Mosquitoes from the three regions differed 
significantly in pupal weight, with southern mosquitoes smaller than 
the others (p = 0.009). Region effects on development time and growth 
rate were marginally significant, with generally faster development and 
higher growth rates for northern mosquitoes (p = 0.099). Both rearing 
temperature and sex were highly significant for all three traits (p < 
0.001). Highly significant interactions between region and temperature 
for all three traits (p < 0.001) indicate a region-specific plastic response 
to temperature variation. In conclusion, these experiments highlight the 
plasticity of these two vector species. Their individual abilities to adapt to 
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different temperatures may help elucidate the impacts of climate change 
on the biological traits of these mosquitoes associated with vectorial 
capacity and arbovirus transmission.

732
POPULATION ECOLOGY OF A RIFT VALLEY FEVER 
VIRUS VECTOR: A COMPREHENSIVE ANALYSIS OF 
ENVIRONMENTAL DRIVERS OF AEDES MCINTOSHI 
ABUNDANCE IN KENYA

Lindsay P. Campbell
University of Kansas, Lawrence, KS, United States

One disease of great economic and human health importance in East 
Africa is Rift Valley Fever virus (RVFV). Current mosquito forecasting 
models focus on climate and vegetation monitoring at broad temporal 
scales, but this approach assumes mosquito population dynamics are 
homogenous between species, and many questions remain regarding 
environmental drivers of individual species emergence. One example is 
the mosquito species Aedes mcintoshi, identified as the primary vector 
of RVFV in East Africa. We hypothesized that environmental drivers at fine 
temporal scales contribute to Ae. mcintoshi counts at specific locations 
and that these drivers can be measured using existing remotely-sensed 
environmental data. We analyzed relationships between Ae. mcintoshi 
abundance counts from repeat sampling conducted by the United States 
Army Medical Research Unit - Kenya (USAMRU-K) at 28 georeferenced 
locations across Kenya and a suite of remotely sensed environmental 
data, using a generalized linear mixed modeling (GLMM) approach. 
Specifically, we analyzed the contributions of Moderate Resolution Imaging 
Spectroradiometer Land Surface Temperature data, Normalized Difference 
Vegetation Index data, daily Climate Hazards Group InfraRed Precipitation 
with Station data, and SPOT Vegetation Small Water Bodies Africa data 
to abundance. Preliminary results indicated that a relationship exists 
between Ae. mcintoshi counts and elevated precipitation approximately 
2 weeks prior to the sampling date and elevated LST values up to 32 
days prior to the sampling date. Relationships between total area of free 
water, humid vegetation, or dry land and Ae. mcintoshi counts was not 
detected surrounding sampling sites. Future directions include analyses of 
additional RVFV vectors and spatio-temporal interactions between species. 
Knowledge of these factors will contribute to a better understanding 
of the disease ecology of RVFV and complement current forecasting 
methods, contributing to more efficient vector control applications and 
distribution of public health resources.

733
ENHANCEMENT OF PLASMODIUM VIVAX OOCYST 
PRODUCTION IN ANOPHELES DARLINGI EXPERIMENTAL 
INFECTIONS 
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Because in vitro Plasmodium vivax gametocyte culture is not possible, 
obtaining infective P. vivax sporozoites for drug screening and other 
studies remains a challenge. The recently reported establishment of an 
Anopheles darlingi colony in Peru—freely mating and currently in its 24th 
generation—in proximity to P. vivax-infected humans has the potential 
to provide stable sporozoite production. This study evaluated methods 
for standardizing and maximizing the production of P. vivax sporozoites 
in laboratory-reared An. darlingi. With regard to enhancing P. vivax 
mosquito infected, we tested 1) the effect of anticoagulants EDTA, citrate, 
and heparin in donor blood samples; 2) the effect of adding penicillin/
streptomycin to membrane feeds of mosquito in terms of infection and 

survival. Non-blood-fed adult female An. darlingi mosquitoes 3 to 7 days 
post-emergence were fed on P. vivax-infected blood and maintained up 
to 15 days on 10% sugar at 27°C and 80% humidity in 12 hour light/
dark cycles. Oocysts were enumerated by midgut light microscopy on 
day 8; whole body sporozoites were quantified in a Neubauer chamber 
on day 15. P. vivax midgut infection (N=150) assessed by oocyst counts 
were significantly correlated with donor gametocyte densities. Sporozoite 
production was highly variable (range 75-21,954 ± 331.6) and was not 
associated either with oocyst density or with donor sexual or asexual 
parasitemia. With 3 donors, mean oocyst per mosquito midgut was 
significantly higher with heparin (90.4) compared to EDTA (59.7) or citrate 
(42.56). Use of penicillin/streptomycin (20 μg/ml in blood mean; and in 
10% sugar solution after blood feeding) (N=6440) did not significantly 
increase oocyst density but did increase female An. darlingi survival 
(54% to 76%) at day 14. The effect of these interventions on sporozoite 
production is being evaluated.

734
MOSQUITO SALIVA PROMOTES A TH1 IMMUNE RESPONSE 
IN HUMANIZED NOD-SCID IL2RGAMMA-NULL MICE

Kassandra L. Peterson, Megan Vogt, Mayra Hernandez-
Sanabria, Enid Mondragon, Anismrita Lahon, Ravi Arya, Silke 
Paust, Rebecca Rico-Hesse
Baylor College of Medicine, Houston, TX, United States

Aedes aegypti mosquito saliva increases dengue virus pathogenesis in 
humanized mice. Since mosquito saliva also acts as a vasodilator and 
conveys various advantages to mosquito blood feeding, we investigated 
whether Ae. aegypti mosquito bite stimulates an immune response in 
humanized mice. To answer this question, we used flow cytometry to 
monitor human innate immune responses in the skin, spleen, blood, and 
bone marrow of humanized mice post mosquito bite. We found that saliva 
alone increases activation of human dendritic cells in the bone marrow 
and natural killer cells in the peripheral blood 24 hours post bite. Also, 
we observed increases in both IL12 and IFN, which lead to a dominant 
Th1 immune response. These results suggest that Ae. aegypti mosquito 
saliva preferentially promotes a Th1 immune response in humans to avoid 
a Th2 response. Because a Th1 response promotes an antiviral state, 
whereas a Th2 response promotes an allergenic state, viruses dependent 
on mosquitoes for transmission may have developed mechanisms to 
counteract the saliva-induced Th1 immune response. In the future, we 
will use the same approaches to study these human immune responses in 
humanized mice bitten by mosquitoes infected with dengue virus.
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THE HOST FEEDING PATTERNS OF ANOPHELES MOSQUITOES 
FROM MALARIA ENDEMIC VILLAGES IN MADANG 
PROVINCE, PAPUA NEW GUINEA
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Vector-human contact during the blood-feeding event, where malaria 
parasites are exchanged between the two hosts, is an important factor 
that determines malaria transmission. However, in addition to humans, 
mosquitoes may feed on other vertebrates. The choice of a vector to feed 
on alternative hosts or to feed only on a subpopulation of humans can 
influence malaria transmission. Here, we investigated the host-feeding 
pattern of Anopheles mosquitoes from five different villages in Madang 
Province, Papua New Guinea. Mosquitoes were sampled using the barrier 
screen sampling method. DNA was extracted from blood-fed specimens 
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and host species were identified by sequencing the mitochondrial 
cytochrome B gene or a multiplex PCR using host-specific primers. 
Mosquitoes confirmed to have fed on humans were further evaluated by 
DNA profiling to determine molecular fingerprints of the individual people 
from whom they fed. The high human blood index (HBI) for An. koliensis 
(HBI = 0.91), An. punctulatus (HBI = 0.84), and An. farauti s.s (HBI = 
0.63) was consistent with previous findings that showed them to be highly 
anthropophagic. An. longirostris (HBI = 0.76), which was considered 
zoophagic, appeared here to be anthropophagic. An. bancrofti (HBI = 
0.23) appeared consistent with previous findings as a zoophagic species 
and An. farauti No. 4 (HBI = 0.58) is reported here for the first time as 
a generalist feeder. Despite strong preference for humans, these vectors 
are not strictly anthropophagic as pigs and dogs were also fed upon. 
Increasing the number of pigs and dogs as alternative hosts along with 
long-lasting insecticide-treated nets may help reduce malaria transmission 
in these villages. The DNA fingerprint data based on analysis of 212 
human-fed An. farauti s.s from one village showed that these mosquitoes 
obtained their bloodmeals from a pool of 69 individual humans (81% 
males and 19% females). In addition, only 7/69 individuals (10%) 
contributed to 53% of the bloodmeals. These results showed evidence 
of aggregated feeding on a subpopulation of humans, a phenomenon 
that plays an important role in the sustenance and resurgence of malaria 
transmission.
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HOUSEHOLD-LEVEL ENVIRONMENTAL CHARACTERISTICS 
ASSOCIATED WITH ANOPHELES SPECIES ABUNDANCE IN 
MALARIA-ENDEMIC BLANTYRE, MALAWI
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Terrie E. Taylor2, Mark L. Wilson3
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Malaria is holo-endemic in southern Malawi, and many cases are reported 
among residents of Blantyre City. Virtually nothing is known about the 
Anopheles spp. present in that setting, including their space-time patterns 
of abundance and associated peridomestic environmental characteristics. 
We systematically sampled adult mosquitoes at 64 locations (5 households 
per location) along 8 transects radiating outward from the city center 
(~18 km distance) during the rainy and dry seasons of 2015. Each house 
(n=320) was aspirated and light-trapped, house characteristics (size, 
construction, screens, room use, animals) were recorded and people were 
questioned about demographics and anti-malaria efforts (ITNs, treatment). 
Anopheles funestus were most abundant; only a few An. aegypti s.l. 
were found. Light-traps captured ~58-fold more adults than did aspiration. 
Considerable variation in abundance among households was found, both 
within- and among the 64 locations. Sporozoite infection prevalence 
determined by PCR was low, and also varied among households. PCR-
based analysis of blood meals, targeting the vertebrate cytochrome B 
gene, demonstrated that engorged females mostly fed on human blood. 
House construction was generally predictive of mosquito abundance, 
with closed eaves and bed net use being protective. Peri-domestic (<50m) 
habitats with any type of vegetation (vs. buildings or bare ground) were 
predictive of Anopheles abundance. These results suggest that fine-scale 
spatial heterogeneity in malaria risk is determined by complex relationships 
at the household level across a range of habitat characteristics traditionally 
considered to be urban.
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FILLING IN THE VECTOR MAP WITH A LARGE SCALE 
SURVEILLANCE FOR FIELD-COLLECTED MOSQUITOES IN 
LIBERIA

Joseph W. Diclaro1, Reham Tageldin1, El-Shiamaa M. El-Din1, 
Nermeen T. Fahmy1, James C. Dunford2, Desmond H. Foley3, Peter 
J. Obenauer4, Fatorma K. Bolay5, Lawrence S. Fokoli5
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A large-scale mosquito surveillance study in Liberia aimed at determining 
the prevalence of malaria and arboviruses from field-collected mosquitoes 
was initiated in 2010. Mosquitoes were collected in five counties of 
Liberia, for seven consecutive days and nights. Collection sites included 
coastal, forest, urban, and mountain / savannah terrains. At each site, 
three different traps were used: a CDC UV trap baited with CO2, a Gravid 
Trap baited with 50% hay infusion, and a Biogent-Sentinel (BGS) Trap 
baited with a lure. A comprehensive literature search of 37,000 specimens 
comprised of 70 species and 11 genera were collected and identified. An 
additional 70 species and three genera were gleaned from the literature, 
yielding a total of 140 species and 14 genera currently known to occur 
in Liberia. During this survey, 30 out of the 70 collected species are new 
records, with the majority of the new records belonging to the genera 
Culex and Coquillettidia. Due to the morphological indistinguishability of 
Anopheles gambiae sensu lato (Giles) complex, DNA was extracted from 
legs of each specimen with species identification determined by multiplex 
polymerase chain reaction using specific primers revealing 72.6, 25.5, 
and 1.9% of A. gambiae s.s specimens were S, M, and hybrid forms, 
respectively. Additionally insecticide resistance PCR assays demonstrated 
92% RR, 6% SR, and 2% SS from the collected samples. Selected 
Anophelinae species were also screened for the presence of malaria 
causing sporozoites using enzyme-linked immuno assay, which showed 
4% infection rate. Culicinae mosquitoes were analyzed by performing 
RNA extraction in the attempt to detect RNA corresponding to DENV 1-4, 
CHIKV, YFV, RVFV, WNV or families Flavivirus, Alphavirus, Buyavirus will be 
detected using protocols for realtime or conventional RT-PCR. However no 
arboviruses were detected in the collected mosquito specimens during this 
time period.

738
DEVELOPMENT FOR A WEB SYSTEM THAT FACILITATES THE 
COLLECTION AND ANALYSIS FOR DENGUE RISK FACTORS 
USING OPEN-ACCESS GEOGRAPHIC INFORMATION SYSTEM

Clara B. Ocampo1, Neila J. Mina1, Maria I. Echavarria1, Ana L. 
Estrada1, Neal Alexander1, Miguel Acuna2, Jorge I. Ramirez2, Liliana 
Estupinan2, Alexi Caballero2

1CIDEIM, Cali, Colombia, 2Corporación para la investigación de la corrosión 
CIC, Santander, Colombia

In Colombia, the decentralized health system requires local authorities to 
take important decisions about the prevention and control of dengue. 
But actions are generally reactive, i.e. undertaken principally in response 
to disease outbreaks, limiting the opportunity for preventive actions. 
Additionally, methods of data collection and design of intervention 
strategies do not involve joint analysis of the biological, ecological, and 
social needs of each locality. Consequently, at the local level, there is 
no specific initial assessment which would allow proactive actions and 
adequate prevention in terms of intervention and control strategies, 
as well as a lack of continuity in personnel. We are developing a web 
system that facilitates the collection and analysis of entomological, 
epidemiological and social data using open-access geographic information 
systems, allowing spatial analysis of transmission. We will share the 
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identification of risk factors associated with dengue transmission locally 
from two intermediate cities in Colombia. We expect that the introduction 
of local analysis, integrating the various determinants of dengue 
transmission, and taking advantage of technological tools that facilitate 
entomological studies and disease surveillance, will allow appropriate 
prevention and control strategies; giving a greater chance of long-term 
sustainability. This system will empower dengue surveillance and control 
programs at the local, provincial and national levels.

739
EMERGING OF CHIKUNGUNYA VIRUS CLADE WITHIN ASIAN 
GENOTYPE IN THE PHILIPPINES

Chonticha Klungthong, Wiriya Rutvisuttinunt, Prinyada 
Rodpradit, Piyawan Chinnawirotpisan, Wudtichai Manasatienkij, 
Maria Theresa Alera, Butsaya Thaisomboonsuk, Anon 
Srikiatkhachorn, Louis R. Macareo, Jens W. Levy, Stefan 
Fernandez, In-Kyu Yoon
U.S. Army Medical Component-Armed Forces Research Institute of 
Medical Sciences, Bangkok, Thailand

Chikungunya virus (CHIKV) is a mosquito-borne pathogen that can cause 
epidemic fever, rash, and arthritis. In the Philippines, sporadic outbreaks 
have been reported for several decades with increasing numbers during 
the 2012-2013. CHIKV has recently spread to the Americas during the 
2013-2014. The Asian genotype has been identified in specimens collected 
during the outbreaks in the Americas and the Philippines. Obtaining 
more genetic information on Asian genotype will provide more insight 
into the genetic changes that may have led into the most recent CHIKV 
epidemic patterns. In this study, we analyzed the complete genomes 
of five CHIKV isolates from acute illness blood samples collected from 
a prospective longitudinal cohort study of febrile illnesses conducted in 
Cebu City, Philippines during 2012-2013. Phylogenetic analysis of the two 
concatenated open reading frames revealed two clades within the Asian 
genotype: an older clade (1958-1995) and a modern clade (2006-2014). 
The modern clade appeared in Malaysia in 2006 and has expanded since 
2007 into two separate sub-clades. The five new sequences from the 
Philippines fell into the newer sub-clade of the modern clade, containing 
the CHIKV strains found recently on St. Martin, British Virgin Islands, 
and Mexico. The mutations in each clade of Asian genotype are further 
described in this study. Our findings increase our understanding of the 
molecular epidemiology of CHIKV strains responsible for recent geographic 
spread of chikungunya.

740
IMPORTED CASES OF CHIKUNGUNYA INFECTION AMONG 
CANADIAN TRAVELERS IN 2014

Michael Drebot, Kimberly Holloway, Kristina Dimitrova, Kai 
Makowski, Maya Andonova, Robbin Lindsay
Public Health Agency of Canada, Winnipeg, MB, Canada

Since the spring of 2014, a large increase in travel-related Chikungunya 
cases have been diagnosed in Canada. As of April 1, 2015 over 400 
confirmed Canadian cases of imported Chikungunya associated illness 
had been diagnosed in 2014 with the majority of Canadian provinces 
identifying at least one imported case. As well, approximately 100 
probable and confirmed cases had already been diagnosed among 
Canadian travellers in early 2015 (as of April 1). Suspect case serum 
samples from provincial public health laboratories across Canada were 
screened using a CDC based IgM ELISA. Specimens positive for IgM 
were confirmed for presence of viral specific antibody using a plaque 
reduction neutralization test. Serum samples were also tested by real time 
and conventional RT-PCR for the presence of viral RNA. The confirmed 
numbers of imported Chikungunya infections identified in 2014 is a 
significant increase in documented cases as compared to past years when 
case rates ranged from 1-20 cases a year. Cases in which travel histories 
were available indicated that the majority of Canadian exposures resulted 

from travel to the Caribbean where the virus recently emerged, however, 
cases were also identified in travellers to the Asia – Pacific region where 
outbreaks are also occurring. Approximately 20 % of the cases were 
viremic indicating the possibility of local transmission if primary mosquito 
vectors become established in Canada. Given the continuing expansion of 
Chikungunya throughout the Americas and Asia a heightened awareness 
of Chikungunya among clinicians and the public in Canada and other 
countries is key. Ongoing communications regarding preventative 
measures when travelling to endemic areas is required to decrease risk of 
exposure to this emerging mosquito-borne pathogen.

741
DEVELOPMENT OF A QUANTITATIVE, REAL-TIME REVERSE-
TRANSCRIPTASE PCR FOR O’NYONG-NYONG VIRUS AND 
ABSENCE OF VIRUS DETECTION AMONG FEBRILE KENYAN 
CHILDREN

Jesse J. Waggoner1, Claire J. Heath1, Alisha Mohamed-Hadley1, 
Julie Brichard1, Lark L. Coffey2, A. Desiree LaBeaud1, Benjamin A. 
Pinsky1

1Stanford University, Palo Alto, CA, United States, 2University of California 
Davis, Davis, CA, United States

O’nyong-nyong virus (ONNV) is a unique alphavirus as it is transmitted by 
Anopheles mosquitoes. ONNV has been detected in two large outbreaks 
centered in Uganda, and in a recent serological study, high rates of ONNV 
and chikungunya virus (CHIKV) transmission were detected in villages 
of coastal Kenya. However, little is known about intra-epidemic ONNV 
transmission or its contribution to acute febrile illnesses in this region. 
The purpose of this study was to develop a real-time reverse transcriptase 
PCR (rRT-PCR) for the detection and quantitation of ONNV and to use this 
assay to screen acute-phase serum samples from febrile Kenyan children. 
For assay design, we aligned the complete genomes of available ONNV 
stains, including one strain of Igbo Ora, in the NCBI Nucleotide database. 
Highly conserved regions of the non-structural protein 1 gene were 
selected for primer and probe design. Primer and probe concentrations 
were optimized using synthesized ssDNA containing the ONNV target, 
and performance was confirmed with extracted genomic RNA. The assay 
had a linear range from 8.0 to 2.0 log10 copies/µL with a lower limit of 
95% detection of 22.4 copies/µL. Performance was similar when run with 
only ONNV primers and probe or as an ONNV-CHIKV multiplex. The ONNV 
assay showed no signal when tested using genomic RNA from dengue, 
chikungunya, or West Nile viruses. We then randomly selected serum 
samples from 200 children who were enrolled in an ongoing, acute febrile 
illness surveillance study in coastal and western Kenya. Patients presented 
within the first 3 days of fever. No patients had detectable ONNV or CHIKV 
RNA. Sixty-five patients (32.5%) had malaria by PCR, indicating exposure 
to Anopheles mosquitoes. Nucleic acid extraction and the absence of 
PCR inhibitors were confirmed for all samples in a separate reaction for 
RNase P. In conclusion, we developed a new rRT-PCR for the detection and 
quantitation of ONNV. Among 200 febrile Kenyan children, who presented 
during a non-outbreak period, no cases of acute ONNV infection were 
identified.

742
ASIAN GENOTYPE DETECTED IN IMPORTED CHIKUNGUNYA 
CASES IN ARGENTINA, 2014-2015: A CHALLENGE FOR 
LABORATORY SURVEILLANCE

Victoria C. Luppo, Cintia Fabbri, Silvana Levis, Delia Enria, Maria 
Alejandra Morales
Instituto Nacional de Enfermedades Virales Humanas, INEVH, Pergamino, 
Argentina

Chikungunya virus (CHIKV) is a mosquito-borne pathogen that was 
endemic in Africa and south Asia until 2005 and 2006, when the virus 
spread into the Indian Ocean islands, Europa and Asia. In 2013, it emerged 
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in America as an important public health problem. All the pre-requisites for 
autochthonous activity of CHIKV are present in Argentina. The objective 
of this work is present the virological, serological and molecular studies for 
CHIKV detection in Argentina, during 2014 -2015. A total of 460 patients 
with signs and symptoms were notified. Acute sera samples were tested 
using qRT-PCR for CHIKV (nsp1 Asian genotype) and nRT-PCR (degenerate 
oligonucleotides, nsp4). Virus isolation in VERO C76 cells was attempted in 
a selection of samples. IgM antibodies were detected by ELISA according 
whit the algorithm recommended by PAHO. Serological confirmation and 
cross reactions with Venezuelan Equine Encephalitis virus, Eastern Equine 
Encephalitis virus, Western Equine Encephalitis virus, Mayaro virus and 
Una virus were performed by PRNT in VERO C76. CHIKV was detected 
in 62 patients, 97% (60/62) of them had recent travel to other countries 
(Dominican Republic, Venezuela, Colombia and Trinidad and Tobago). 
Cases were classified as confirmed (26, 42%) and probable (36, 58%). 
No cross-reactions were detected between the Alphaviruses evaluated by 
PRNT. Nucleotide sequencing of two fragments (155 bp nsp4 gene and 
1200-bp E gene) in 3 viral strains isolated was performed and compared 
to other sequences available in Genebank. The sequences were aligned 
by the Clustal W method (BioEdit). Phylogenetic tree was performed 
by Neighbour Joining (MEGA 5) and Bayesian (Mr.Bayes) analysis. The 
topology of the tress were similar, the strains belong to Asian genotype 
currently circulating in other Latin American countries. Our results support 
the hypothesis that a single CHIKV strain introduction of Asian genotype 
on the Caribbean islands later spread to other American countries. The 
findings highlight the risk of introduction of this Alphaviruses in Argentina 
and the need for the health system prepared to give timely and efficient 
response to potential emergency.

743
EVOLUTION FOR CHIKUNGUNYA VIRUS IN WOLBACHIA-
INFECTED MOSQUITOES

Matthew T. Aliota1, Alexander Uribe Yepes2, Ivan Dario Velez2, 
Jorge E. Osorio1

1University of Wisconsin, Madison, WI, United States, 2Universidad de 
Antioquia, Medellin, Colombia

New approaches to preventing chikungunya virus (CHIKV) are needed 
because current methods are limited to controlling mosquito populations, 
and they have not prevented the invasion of this virus into new locales. 
A promising candidate for arbovirus control and prevention relies on 
the introduction of the intracellular bacterium Wolbachia into Aedes 
aegypti mosquitoes. Wolbachia biocontrol has advanced from laboratory 
experiments demonstrating that Wolbachia reduces virus replication in 
mosquitoes to deploying and evaluating this strategy in six countries. This 
primarily has been proposed as a tool to control dengue virus (DENV) 
transmission; however, Wolbachia infections confer protection for Ae. 
aegypti against CHIKV. Although this approach holds much promise 
for limiting virus transmission, at present our understanding of the 
evolutionary consequences of Wolbachia on any arbovirus is limited; 
therefore, anticipating evolutionary changes of CHIKV-Wolbachia-
mosquito interactions is an important component involved in validating 
the safety and viability of this approach as a biocontrol mechanism. 
Herein, we present data assessing the ability of CHIKV to adapt to 
Wolbachia-mediated suppression in mosquitoes. The choice of CHIKV 
is timely due to the massive CHIKV epidemic occurring in the Americas. 
To assess this, we have developed a tractable, laboratory model to 
begin to understand the selective pressures associated with Wolbachia-
mosquito-CHIKV co-adaptation. Wolbachia-infected Ae. aegypti have 
been established as part of a complementary Eliminate Dengue Program 
project in Colombia, and preliminary data suggest that the wMel strain of 
Wolbachia in these mosquitoes blocks CHIKV infection and also reduces 
the transmission potential of these mosquitoes. As such, we are evaluating 
the specific CHIKV phenotypes that arise during alternate passage 
between Wolbachia-infected Ae. aegypti and mice. The demonstration 

that Wolbachia is effective against CHIKV and that the strategy will 
not be undermined by virus evolution will represent a significant new 
development in the fight against Ae. aegypti transmitted arboviruses.

744
EPIDEMIOLOGICAL AND VIROLOGICAL FEATURES FOR 
CHIKUNGUNYA VIRUS INFECTIONS AMONGST TRAVELERS 
RETURNING TO SPAIN, 2008-2014

Leticia Franco1, Maria Dolores Fernandez2, Mathieu Bangert1, 
Jean Paul Carrera3, Fernando de Ory1, Anabel Negredo1, Arantxa 
Potente1, Lourdes Hernandez1, Laura Herrero1, Fatima Lasala1, 
Maria Paz Sanchez1, Hospitales del Sistema Nacional de Salud
1ISCIII, Majadahonda, Spain, 2Institute Pasteur, Dakar, Senegal, 3Gorgas 
Institute, Panama, Panama

 Chikungunya fever used to be only endemic in some parts of Africa, 
Southeast Asia and in the Indian subcontinent. In late 2013, the first 
documented autochthonous transmission of chikungunya virus was 
reported in the Caribbean island of Saint Martin and since then the 
infection has spread quickly in countries and territories in the Caribbean 
region, North, Central and South America. With the ongoing outbreak 
in the Caribbean, chikungunya virus is increasingly becoming a European 
public health threat. Transmission of chikungunya virus to humans occurs 
through bites of Aedes aegypti and Ae. albopictus mosquitoes. In 
Europe, Ae. albopictus is established primarily around the Mediterranean 
basin and has been demonstrated its competency for virus transmission. 
This resulted in locally-acquired infections in Italy, and in France, as rported 
previously. In this study, we analyzed six years of imported chikungunya 
infections in Spain. During the study period (2008-2014), a total of 1311 
suspected chikungunya infections were studied and more than half were 
in 2014 alone. From 2008 to 2013, 30 laboratory-confirmed ( PCR, IgM/
IgG) chikungunya infections were imported whereas in 2014 there were 
195 confirmed cases. Majority of chikungunya cases with known travel 
history in the period 2008-2013 reported travel to Asia whereas in 2014 
the main travel destination were the Americas (Dominican Republic, 
Haiti and Venezuela). Virus sequencing revealed that all samples from 
Americas felt into Asian genotype (Caribbean Clade), although Indian 
ocean genotype was detected in cases imported from Asia and Africa 
.Most of the positive samples in 2014 clustered around May and October, 
the activity period for the vector present in Spain. Chikungunya virus is 
an emerging public health threat to Spain because the conditions for 
autochthonous transmission are met: presence of competent vector and a 
large number of travelers returning from affected areas like the Caribbean 
and northern South America. 

745
SCREENING TESTS DURING CHIKUNGUNYA OUTBREAK IN 
CARTAGENA DE INDIAS, COLOMBIA

Margarita Maria Ochoa, Yéssika De León, Benjamin Mendoza, 
Doris Gómez
Universidad de Cartagena, Cartagena, Colombia

Chikungunya virus (CHIKV) and Dengue virus (DENV) are mosquito-
borne viruses. Both have similar clinical manifestations including 
hemorrhagic fever except for the arthralgia more related to CHIKV. Clinical 
differentiation between dengue and chikungunya from other causes of 
febrile illness is difficult to achieve during early stages of the illness. In 
Colombia, access to laboratory tests is limited and diagnosis may rely solely 
on clinical symptomatology. The aim of this study was to describe clinical 
manifestations of acute febrile illness and apply a screening test for CHIKV 
and DENV during an outbreak of Chikungunya fever in Colombia. For this 
study patients were enrolled during a Chikungunya outbreak in Colombia 
that began in august of 2014 and persists nowadays. Patients who lived 
in Cartagena, had a history of fever ≤7 days were eligible. A commercial 
screening test for CHIKV IgG/IgM Ab and DENV IgA/IgG/IgM and NS1 
antigen was performed for each patient at the beginning (acute phase) 
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and up to 30 days after the onset of the illness (convalescent phase). A 
total of 38 patients were enrolled, most patients were between 18 and 
45 years old (57,9%) and females (55,3%). The duration of the fever 
during the episode was between 3-7 days (51,7%). Arthralgia (97,4%), 
chills (81,6%), malaise (81,6%), headache (76,3%), pruritus (60,5%), rash 
(60,5%) and myalgia (55,3) were the most frequent. Of the total, 53% 
of the patients had IgM antibodies for CHIKV; 63% had IgG antibodies 
for DENV; 31,6% had both CHIKV (IgM) and DENV (IgG) Ab and 21% of 
the samples had both tests negative. No one had NS1 Ag positive. Acute 
febrile syndrome in tropical areas is always related to arboviral diseases. 
We found, even when most patients fulfilled the criteria for CHIKV 
fever, not all of them had a positive result on the rapid test, and a high 
percentage had IgG Ab for DENV. We are aware that screening test are 
not approved as diagnostic tools for these diseases, this is why we suggest 
confirmatory tests. In patients who tested positive for IgG Ab against 
dengue we concluded that this could be a sign from a past episode not 
related to the current one, more when nobody one tested positive for NS1 
Ag.

746
MOSQUITO SALIVA ENHANCES EARLY ARBOVIRUS 
INFECTION WITH DIFFERENTIAL CLINICAL OUTCOMES

Alan M. Watson1, LK Metthew Lam1, Michael J. Conway2, Tonya 
M. Colpitts3, William B. Klimstra1, Kate D. Ryman1

1University of Pittsburgh, Pittsburgh, PA, United States, 2Central Michigan 
University, Mount Pleasant, MI, United States, 3University of South 
Carolina, Columbia, SC, United States

Mosquito-borne viruses like those in the Togaviridae (Alphavirus genus) 
and Flaviviridae (Flavivirus genus) families are introduced into the 
vertebrate host along with saliva from the mosquito vector. Such viruses 
have evolved infection strategies that leverage salivary proteins to alter 
the early events in infection and may influence the progression of long-
term disease. We have previously demonstrated in a murine model of 
dengue virus infection that Aedes aegypti salivary gland extract (SGE) 
results in an early enhancement of infection. We have now evaluated 
two additional viruses vectored by Ae. aegypti, yellow fever (YFV) and 
chikungunya (CHIKV) viruses, in order to understand the short- and long-
term implications that SGE plays in pathogenesis and disease. Following 
infection in the presence of SGE, early YFV replication was as much as 
40,000-fold greater in the draining lymph nodes and visceral tissues. In 
addition, in vivo imaging studies of CHIKV revealed an enhancement of 
infection at the site of subcutaneous inoculation and evidence of more 
rapid dissemination of virus distal to the site of inoculation. Enhanced 
replication of both viruses was sustained for at least four days following 
infection. Surprisingly, clinical disease in YFV-infected animals was similar 
regardless of SGE administration, although animals infected with YFV in 
the presence of SGE were statistically more likely to survive. Preliminary 
results of long-term CHIKV studies indicated that mice receiving SGE 
presented with a more severe musculoskeletal disease as measured 
by foot-pad swelling. Moreover, SGE may play a role in exacerbating 
chronic CHIKV disease. Our data suggest that diverse arboviruses may 
have independently evolved mechanisms to enhance and sustain early 
replication in the vertebrate host perhaps to increase the efficiency of 
infection or facilitate the acquisition of progeny by additional vectors. 
These studies emphasize the importance of developing animal models of 
mosquito-borne virus infection that consider the effect of the vector on 
pathogenesis.

747
VENEZUELAN EQUINE ENCEPHALITIS VIRUS INFECTION 
INDUCES OXIDATIVE STRESS AND LEADS TO ALTERATIONS 
IN MITOCHONDRIAL DYNAMICS

Moushimi Amaya, Forrest Keck, Aarthi Narayanan
George Mason University, Manassas, VA, United States

The multi-faceted organelles, mitochondria, have been shown to play roles 
in maintaining cellular metabolism, innate immunity and multiple signaling 
pathways. Composed of a population of organelles the mitochondria are 
actively and continuously dividing and elongating (mitochondrial dynamics) 
and undergoing controlled turnover. Recent studies have demonstrated 
that viruses have developed mechanisms to modulate the mitochondrial 
dynamics to facilitate viral replication. We have previously shown that 
Rift Valley Fever Virus induced oxidative stress activated transcription 
factors (p65 and p53), which in turn modulated cytokine secretion and 
apoptotic gene expression profiles leading to cell death. In this study we 
are investigating the new world alphavirus belonging to the Togaviridae 
family, Venezuelan Equine Encephalitis Virus (VEEV) where we hypothesize 
that VEEV infection induces oxidative stress which will interfere with 
mitochondrial dynamics thus impacting generic mitochondrial processes. 
Initial experiments using the MitoSOX red reagent indicated that 
VEEV induced the production of superoxide species in infected cells. 
Confocal microscopy analysis demonstrated that there is a differential 
“concentrating” mitochondrial phenotype observed in VEEV infected 
cells, which was not observed in uninfected cells. Ongoing studies entail 
defining a putative mechanism to the mitochondrial phenotype observed 
in VEEV infected cells. This work will aid in future investigations of the 
effect of mitochondrial dynamics in other alphaviruses and their role in 
pathogenesis, thus creating an avenue for therapeutic design as there are 
currently no approved vaccines or therapies to treat the disease.

748
EILAT VIRUS INDUCES BOTH HOMOLOGOUS AND 
HETEROLOGOUS INTERFERENCE

Farooq Nasar, Jesse Erasmus, Andrew D. Haddow, Robert B. 
Tesh, Scott C. Weaver
University of Texas Medical Branch, Galveston, TX, United States

Most alphaviruses are mosquito-borne and exhibit a broad host range, 
infecting many different vertebrates including birds, rodents, equids, 
humans, and nonhuman primates. Occasionally alphaviruses can spill 
over into the human population and cause clinical disease characterized 
by debilitating arthralgia or fatal encephalitis. Recently, we described 
a unique alphavirus, Eilat virus (EILV), that readily infects mosquito but 
not vertebrate cell lines. Here, we investigated the ability of EILV to 
induce homologous and heterologous interference in vitro and in vivo. 
Prior infection of C7/10 (Aedes albopictus) cells with EILV reduced virus 
replication of superinfecting homologous and heterologous alphaviruses. 
Virus titers of heterologous viruses were reduced by 10-10,000 fold and 
replication kinetics were delayed by 12-48 hrs. Similar to in vitro infection, 
prior in vivo EILV infection of Aedes aegypti mosquitoes prevented 
dissemination of chikungunya virus for 3 days. This is the first evidence of 
alphavirus-induced heterologous interference in mosquitoes, suggesting 
that EILV could be developed to reduce and/or prevent alphavirus 
transmission.
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749
EILAT VIRUS DISPLAYS A NARROW MOSQUITO VECTOR 
RANGE

Farooq Nasar, Andrew D. Haddow, Robert B. Tesh, Scott C. 
Weaver
University of Texas Medical Branch, Galveston, TX, United States

Most alphaviruses are arthropod-borne and utilize mosquitoes as vectors 
for transmission to susceptible vertebrate hosts. This ability to infect 
both mosquitoes and vertebrates is essential for maintenance of most 
alphaviruses in nature. A recently characterized alphavirus, Eilat virus 
(EILV), isolated from a pool of Anopheles coustani s.I. is unable to 
replicate in vertebrate cell lines. The EILV host range restriction occurs at 
both attachment/entry as well as genomic RNA replication levels. Here we 
investigated the mosquito vector range of EILV in species encompassing 
three genera that are responsible for maintenance of other alphaviruses 
in nature. Susceptibility studies were performed in four mosquito species: 
Aedes albopictus, A. aegypti, Anopheles gambiae, and Culex 
quinquefasciatus via intrathoracic and oral routes utilizing EILV and EILV 
expressing red fluorescent protein (-eRFP) clones. EILV-eRFP was injected 
at 107 PFU/mL to visualize replication in various mosquito organs at 7 
days post-infection. Mosquitoes were also injected with EILV at 104-101 
PFU/mosquito and virus replication was measured via plaque assays 
at day 7 post-infection. Lastly, mosquitoes were provided bloodmeals 
containing EILV-eRFP at doses of 109, 107, 105 PFU/mL, and infection and 
dissemination rates were determined at 14 days post-infection. All four 
species were susceptible via the intrathoracic route; however, replication 
was 10-100 fold less than typical for most alphaviruses, and infection 
was limited to midgut-associated muscle tissue and salivary glands. A. 
albopictus was refractory to oral infection, while A. gambiae and C. 
quinquefasciatus were susceptible only at 109 PFU/mL dose. In contrast, 
A. aegypti was susceptible at both 109 and 107 PFU/mL doses, with body 
infection rates of 78% and 63%, and dissemination rates of 26% and 
8%, respectively. The exclusion of vertebrates in its maintenance cycle 
may have facilitated the adaptation of EILV to a single mosquito host. As 
a consequence, EILV displays a narrow vector range in mosquito species 
responsible for the maintenance of other alphaviruses in nature.

750
THE SEROPREVALENCE FOR DENGUE FEVER IN SOLOMON 
ISLANDS IN 2014

Jih-Jin Tsai1, Tenneth Dalipanda2, Silent Tovosia3, Albino 
Bobogare2, Hadi Namo4, Ricky Eddie5, Yu-Hsuan Wang6, Ping-
Chang Lin1, Po-Chih Chen1, Wen-Ter Lai1
1Kaohsiung Medical University Hospital, Kaohsiung, Taiwan, 2Ministry 
of Health and Medical Services, Honiara, Solomon Islands, 3Mission of 
Seven-day Adventists, Honiara, Solomon Islands, 4Kilu’ufi Hospital, Malaita 
Province, Solomon Islands, 5Gizo Hospital, Western Province, Solomon 
Islands, 6Taiwan Health Center, Honiara, Solomon Islands

There was a large scale dengue outbreak in Solomon Islands in 2013. 
In order to fight against dengue fever, Taiwan government built up the 
first bio-safety level 2 (BSL-2) laboratory at National Referral Hospital in 
Honiara, Solomon Islands. This laboratory was designed by the Tropical 
Medicine Center of Kaohsiung Medical University Hospital. In 2014, 
we conducted the seroprevalence survey in Solomon Islands under the 
entrustment of Solomon Islands Government. Under IRB approval, we 
collected 1079 samples from the community in three different provinces 
(Guadalcanal Province, Western Province, Malaita Province) in Solomon 
Islands from September to November. We used dengue Capture IgG 
ELISA (Standard Diagnostics (SD), Korea) to detect the seroprevalence 
of dengue fever. The age of enrolled subjects ranged from 18~42 years 
old with median age of 38 years old. 72.4 % of them are female. The 
education level of them is the Elementary school (39.1%), Junior high 
school (26.3%), and Senior high school (22.5%). Only 3.4% of them 
recalled they ever got dengue fever. 62.2% of them had ever contracted 

malaria before. Different provinces had different seroprevalence rates of 
dengue fever. In Guadalcanal Province, we enrolled 306 subjects from 
different areas, and the mean seropositive rate is 46.4%. The distribution 
of the seropositive rate in Guadalcanal Province is as the following: Visale 
62.5% (80/128), Burns Creek 34.6% (18/52), Betikama 30% (15/50), and 
Wanderer Bay 38.2% (29/76). In 2013, the dengue fever outbreak was 
chiefly located in Guadalcanal Province. The seroprevalence of dengue 
fever in Western Province is 34.1% (217/636) and 12.4% (17/137) in 
Malaita Province. In Western Province, two areas, Gizo (38.2%, 29/76) 
and Munda (38.7%, 184/476) are slightly higher than the other areas in 
seroprevalence. Malaita Province is the relatively lower seroprevalent in 
dengue fever and the residents might be more susceptible to the infection 
in the future. The dengue cases in Western Province might be under-
estimated and should be more carefully diagnosed.

751
THE EFFECT FOR LAND COVER ON THE ABUNDANCE AND 
DISTRIBUTION FOR SYLVATIC DENGUE VIRUS VECTORS IN 
MALAYSIAN BORNEO

Katherine I. Young1, Steve G. Widen2, Thomas G. Wood2, Jane 
Cardosa3, David Perera3, Nikos Vasilakis2, Kathryn A. Hanley1

1New Mexico State University, Las Cruces, NM, United States, 2University of 
Texas Medical Branch, Galveston, TX, United States, 3Universiti of Malaysia 
Sarawak, Kuching, Malaysia

Mosquito-borne dengue virus has emerged from a sylvatic cycle, 
maintained in non-human primates and arboreal Aedes mosquitoes, to 
establish the human-Aedes aegypti cycle that results in nearly 400 million 
infections annually. The sylvatic ancestors of human-endemic dengue virus 
continue to circulate in peninsular Malaysia and Borneo, with continual 
spillover into humans, sometimes causing severe disease. Systematic 
studies of sylvatic dengue virus in Southeast Asia, conducted in the 
1960s-1970s, detected dengue virus in mosquitoes only once, in Aedes 
niveus sensu lato. In recent decades, Malaysian Borneo has experienced 
intensive forest clearing, a potential risk factor for spillover of zoonotic 
viruses. How such clearing may affect sylvatic dengue spillover is unclear 
due to our incomplete understanding of dengue virus vectors in regard 
to identity and distribution. To bridge this knowledge gap, we conducted 
mosquito trapping in rural Sarawak, Borneo during two field seasons, 
2013 and 2014, in three land cover types: homestead, agriculture and 
forest. Specifically, we tested the hypotheses that 1) Ae. niveus would be 
most abundant in forests compared to other land cover types, 2) In other 
land cover types, Ae. niveus would be most abundant at forest edges, 
and 3) compared to Ae. niveus, Ae. albopictus, a secondary vector of 
human-endemic dengue virus and a putative vector of sylvatic dengue 
virus, would be more evenly distributed throughout all land cover classes. 
Over 2,000 mosquitoes were sampled, identified morphologically and 
pooled by location, trap, day and species. Pooled samples were screened 
for arbovirus infection and used for molecular identification of mosquito 
species. Over 70% of the mosquitoes sampled in both field seasons were 
Aedes species; of these, 70% were Ae. albopictus in 2013 and 95% in 
2014. Insect-specific viruses, including Euprosterna elaeasa virus, were 
detected in 7 Ae. albopictus pools, but sylvatic dengue virus was not 
detected in any pool. The complete analysis of the relative distributions of 
Aedes mosquitoes in this region will be presented.
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MOLECULAR EPIDEMIOLOGY FOR DENGUE VIRUS IN THE 
LATIN AMERICAN REGION: A SYSTEMATIC REVIEW

José Ramos1, Flavia Barreto dos Santos2, Ruth Martinez1, Joselito 
Araujo3, Elsa Sarti4

1National Institute of Public Health, México City, Mexico, 2Laboratório 
de Flavivirus, Instituto Oswaldo Cruz/Fundação Oswaldo Cruz, Rio de 
Janeiro, Brazil, 3Laboratório de Flavivirus. Instituto Oswaldo Cruz/Fundação 
Oswaldo Cruz, Rio de Janeiro, Brazil, 4Sanofi Pasteur, México City, Mexico

Dengue is the predominant arthropod-borne viral disease affecting 
humans. The four serotypes of Dengue virus are antigenically and 
genetically distinct. The basis of DENV genetic diversity is still under 
research, but it seems that human and vector infections impose different 
selective pressures, moreover, epidemiological and enviromental conditions 
could affect the population structure of the DENV in a particular setting. 
This study was developed to describe the molecular epidemiological trends 
of Dengue virus and knowledge generated in specific molecular topics 
in Latin America and Caribbean islands from 2000 to November 2013. A 
systematic literature review of molecular epidemiology was conducted. 
391 sources were identified, from those, 51 were included as relevant 
citations. Hyperendemicity arising from circulation of different serotypes 
in a region may be a factor in the association between dengue infection 
and severity of disease.Intra-serotype antigenic variation and the resulting 
differential generation of protective antibodies and immune responses are 
postulated as one of the reasons for high epidemiological impact of certain 
DENV serotypes. Distinct lineages with different dynamics were identified 
in each of the countries and coexistence, extinction and replacement of 
lineages occurred over the review period, and changes occurred have 
resulted in substantial genetic diversity with emergence of endemic 
and epidemic strains in different parts of the region. The extinction of 
earlier strains and appearance of new epidemic strains suggests genetic 
bottleneck as a cause of regional replacement. Reasons for the re-
emergence of dengue in the Americas: spread of different DENV serotypes 
in bordering countries; permanent migration flow of viremic travelers, and 
increase in vector infestation due to inconsistent vector-control strategies. 
DENV seem to take advantage of diverse mechanisms to generate genetic 
diversity via genetic variability and host travel, as well as exploiting the 
increasing density of human hosts and urbanization.

753
DENGUE VIRAL PERSISTENT INFECTION

Guey Chuen Oscar Perng
National Cheng Kung University, Tainan, Taiwan

 Dengue has been recognized to be one of the most important vector-
borne human viral diseases in recent years globally. Dynamic clinical 
presentations in dengue virus (DENV) infected patients, ranging from 
asymptomatic, mild dengue fever, and dengue hemorrhagic fever 
associated with dengue shock syndrome, have been registered. Recently, 
it has been reported that infectious DENV can be recovered from healthy 
blood donors and that asymptomatic human beings could be accounted 
for the spread of dengue. This line of evidence implies that persistent 
DENV infection may exist in the natural setting. We utilized fresh HBM to 
establish humanized model to investigate the persistent infection of DENV. 
DENV was administered to 8 weeks old humanized mice by IV injection 
with 104 PFU. Peripheral blood was obtained at multiple time points, 
with two week intervals. With a FACS panel to assay the cells of human 
origin along with the identification of the infected cell, combined with 
plaque assay and immunohistochemistry to locate the virus in organs. We 
showed that the percentage of human cells in circulation was on average 
at 35% and that viral titers were seen starting from the second week of 
the infection and reached a mean peak titer at 103 PFU/ml, with each peak 
lasting for about two weeks. The viral titers were fluctuated after the peak, 
but maintained at a detectable level (above 500 PFU/ml) for 3 months 
until the mouse died, suggesting that it could be maintained if mice 

health conditions sustained. FACS analysis indicated that the phenotypes 
of cells harvesting the dengue viral antigen were of the megakaryocytic 
lineage, CD45+CD41a+CD61+. Autopsy on the DENV infected deceased 
mice revealed that DENV was present in multiple organs, including liver, 
spleen, bone marrow, and brain by plaque assay. The highest viral titer was 
observed in the brain and especially in the region of hippocampus. Results 
indicated that DENV could reside in the brain of infected humanized 
mice. The results suggest that persistent infection may exist in the natural 
life cycle of DENV and that those of the megakaryocytic lineage cells in 
asymptomatic individuals may become a DENV carrier.

754
SEQUENTIAL INFECTION WITH INFLUENZA AND DENGUE 
VIRUSES HINDERS IMMUNE CELL RECRUITMENT AND 
CAUSES LETHAL DISEASE

Michael Schmid1, Karla Gonzalez2, Sanjana Shah1, José Peña3, Eva 
Harris1

1Division of Infectious Diseases and Vaccinology, School of Public Health, 
University of California Berkeley, Berkeley, CA, United States, 2Laboratorio 
Nacional de Virología, Centro Nacional de Diagnóstico y Referencia, 
Ministerio de Salud, Managua, Nicaragua, 3Lawrence Livermore National 
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Both influenza and dengue are major health problems worldwide. In 2009, 
Nicaragua experienced a massive and atypical dengue epidemic, even 
though the dominant dengue virus serotype (DENV3) was the same as in 
2008 and 2010. The only identifiable epidemiological difference in 2009 
was the influenza A-H1N1 pandemic, which was prolonged, compared 
to seasonal influenza, and overlapped with the dengue epidemic. We 
hypothesized that sequential or co-infection of influenza H1N1 and DENV 
contributed to the atypical and potentially more severe dengue disease. 
We established a mouse model of dual infection with a Nicaraguan 
pandemic H1N1 influenza virus isolate and the virulent DENV2 strain 
D220. DENV suppresses the interferon response, replicates, and causes 
disease in humans but not wild-type mice; therefore, we used mice lacking 
the interferon-α/β receptor (Ifnar-/-) that are susceptible to both DENV2 
and influenza virus infection. Sequential infection with influenza virus 
followed two days later by DENV2 caused 90% mortality in Ifnar-/- mice 
at virus doses that induce mild disease during infection with either virus 
alone. The DENV viral load was significantly increased in the lung, liver, 
and spleen of sequentially infected mice compared to mice infected with 
only one virus, while influenza viral load was similar. We analyzed the host 
RNA response using nCounter technology and observed dramatic changes 
in chemokine and cytokine mRNA expression levels that suggested 
differences in immune cell recruitment in the lungs. Flow cytometry 
revealed impaired recruitment of monocytes, neutrophils, NK cells and 
T cells to the spleen and lung of sequentially infected mice compared 
to mice infected with only one virus. We are currently manipulating 
recruitment of different subsets of immune cells to determine the cause of 
immunopathology in sequentially infected mice. These studies will inform 
the development of potential treatment and vaccine strategies in endemic 
areas where dengue and influenza viruses co-circulate.

755
VIRAL REPLICATION AND IMMUNOGENIC POTENTIAL 
DIFFERENCES BETWEEN TWO DENGUE 1 LINEAGES CO-
CIRCULATING IN BRAZIL

Mauricio L. Nogueira1, Tauyne M. Pinheiro1, Danila Vedovello1, 
Joice Matos M. Biselli-Périco1, Aripuanã S. Watanabe1, Mânlio T. 
Mota1, Bárbara A. Chaves2, Paulo F. Pimenta2, Izabella C. Batista2, 
Carlos E. Calzavara-Silva2

1Faculdade de Medicina, Sao Jose do Rio Preto, Brazil, 2CpqRR - FIOCRUZ, 
Belo Horizonte, Brazil

Dengue virus comprises four distinct serotypes (DENV-1-4). Within the 
serotype 1, previous genetic studies demonstrated the existence of 
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different lineages grouped into five genotypes. Phylogenetic analysis of 
the E gene showed that two lineages of DENV-1 (L1 and L6) co-circulated 
in São José do Rio Preto, São Paulo state, Brazil at least, between 2010 
and 2012. This study has compared biological properties of these two 
lineages. Five cell lines (C6/36, Aag-2, Vero E6, LLC-MK2 and HepG2) have 
been infected with two DENV-1 isolates representatives of each lineage, 
at a MOI of 0.1 for growth curves. Additionally, one hundred forty adult 
female mosquitoes from two populations (PPCampos and Dom Pedro) 
and C57BL/6 mice have been experimentally infected with the same 
isolates. Later, qPCR was used to detect these viruses in supernatant of 
cells and in body and head samples of mosquitoes. FACS was used to 
analyze mice spleen cells. In silico epitope prediction was performed to 
evaluate the binding of B and T cell receptors to epitopes of the E gene 
using bioinformatics tools. Analysis of the growth curves showed that L1 
replicated at higher level comparably to L6 in all cell lines tested as well 
as in Ae. aegypti mosquitoes. L1 presented a viral cDNA copies number 
significantly higher than L6 in both mosquitoes populations and also 
exhibited statistically significant higher rates of IR, VC and DIR. IR varied 
from 92.5% to 100% (L1) and 37.5% to 73.33% (L6). VC ranged from 
85.01% to 100% (L1) and 30% to 43.34% (L6). DIR oscillated from 
91.9% to 100% (L1) and 59.1% to 80% (L6). L6 had less antigenic 
potential to B cells while L1 had more antigenic potential to T cells in silico. 
L6 seemed to suppress B cells activation while L1 was a T cell activator in 
vivo. These two lineages showed differences in their biological properties. 
Despite the better growth rate, L1 may elicit a better immune response 
while L6 with a lower growth rate might evade better the immune 
system, leading to an equilibrium and co-circulation of these lineages. 
Further analyses should be conducted to better understand how these 
characteristics correlate with epidemiological findings in subsequent years.

756
ACCESSING HEALTH CARE IN VENEZUELA: A COMMUNITY 
BASED MIXED-METHOD SURVEY ON HEALTH CENTER 
ATTENDANCE FOR DENGUE AND FEVER

Jelte Elsinga1, Maria F. Vincenti1, Erley Lizarazo1, Luzlexis Arias2, 
Masja Schmidt1, Adriana Tami1
1Department of Medical Microbiology, University of Groningen, University 
Medical Center Groningen, Groningen, Netherlands, 2Instituto de 
Investigaciones Biomédicas, Universidad de Carabobo, Maracay, Bolivarian 
Republic of Venezuela

Dengue is a major public health problem in Venezuela. Timely health 
centre (HC) attendance is crucial in reducing mortality and severity of 
dengue. The health care system in Venezuela comprises a public and 
a private sector. The public system includes the traditional primary/
secondary (Ambulatorios), and tertiary level HCs (Hospitals) and is 
usually free of charge. To improve limited access to care for the poorer, a 
parallel public health care system (“Mission Barrio Adentro”) was set up 
in 2003. We assessed the intended HC attendance in the case of fever 
and suspected dengue in an urban area of high dengue transmission. 
Between September 2013 and February 2014 a cross-sectional household 
survey was performed in Maracay, Venezuela. Intended HC attendance 
and the perceived barriers in the case of fever and dengue of adults and 
parents/guardians of children were assessed. Data was collected through 
structured questionnaires from 105 individuals. We show that people 
would visit several different HCs if needed, and that the health preferences 
differed throughout the community. The most frequent first choice of 
health centre was an Ambulatorio, in the case of fever (n=82; 78.8%) 
and dengue (n=84; 80.8%). Several economic, ethnic, logistic, and quality 
aspects influenced the preference to access the HCs. Individuals preferred 
to first attend traditional HCs as they trusted the care given at these 
institutions, but a barrier was the lack of treatment supplies. Although the 
lack of supplies was mentioned to a lesser extent in the case of the parallel 
HCs, people reported not to trust the medical staff, nor the diagnosis and 
treatment given in these HCs. Furthermore, the private care, which was 
considered best, was mainly accessible for those with a health insurance. 
A higher education (fever/dengue: p=0.001/p=0.001) and a non-manual 

occupation (fever/dengue: p=0.007/p=0.016) were associated with more 
intended private HC attendance. Access to care in Venezuela is currently a 
complex situation where individuals need to juggle between the different 
available public and private HCs in order to obtain proper/timely care and 
medical supplies.

757
RELATIONSHIP BETWEEN MATRIX METALLOPROTEINASE 
EXPRESSION AND VIRULENCE FOR DENGUE VIRUS TYPE-2 
INFECTED MOSQUITO AND MAMMALIAN CELLS

Pornsawan Leaungwutiwong1, James F. Kelley2, Aucha Sachair3, 
Akanitt Jittmittraphap3, Natthanej Luplertlop3
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Program, John A. Burns School of Medicine, University of Hawaii at 
Manoa, Honolulu, HI, United States, 3Department of Microbiology and 
Immunology, Faculty of Tropical Medicine, Mahidol University, Bangkok, 
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Dengue virus infection is mostly asymptotic or produces a mild self-limiting 
acute febrile illness, dengue fever, or life threatening severe illness, dengue 
hemorrhagic fever, which is associated with increased vascular permeability 
in part as the result of elevated matrix metalloproteinases (MMPs). 
Herein, we characterized MMP-2 and MMP-9 production in mosquito 
and mammalian cells after infection with three strains of dengue virus 
type-2 ranging in virulence: the prototype New Guinea C (NGC), 16681, 
and PDK53 vaccine strain to test variations in viral properties in vaccine 
candidates and confirm the production of MMP as a possible marker for 
virulence. A zymogram gelatinolytic activity assay was employed to assess 
MMP-2 and MMP-9 production. We demonstrated that dengue infected 
mosquito and mammalian cell lines had unique MMP-2 and MMP-9 
production patters depending on the virulence of the dengue strain and 
time after infection. MMP levels were highest after infection with the 
known virulent strain D2-16681, followed by the prototype NGC strain 
in both cell lines. The amounts of MMP appeared to correspond with the 
relative amount of infectious virions produced later in infection. These 
findings may contribute to understanding dengue pathogenesis and 
selecting markers to assist in the development of dengue vaccines.

758
ANTIBIOTICS WITH UNEXPECTED TALENTS: EFFICACY AND 
MECHANISM FOR ACTION FOR FLUOROQUINOLONES 
AGAINST FLAVIVIRUSES

Stacey L. Scroggs1, Christy A. Andrade2, Ramesh Chinnasamy1, 
Jeffrey B. Arterburn1, Kathryn A. Hanley1

1New Mexico State University, Las Cruces, NM, United States, 2Willamette 
University, Salem, OR, United States

Flaviviruses are positive-sense, single stranded RNA viruses, many are 
transmitted by arthropod vectors. Flaviviruses are responsible for some of 
the most significant vector-borne diseases worldwide, including dengue 
fever, yellow fever, West Nile encephalitis, and Japanese encephalitis. 
There are currently no antiviral drugs approved for the treatment of any 
flavivirus. Repurposing an FDA-approved drug as an antiflaviviral therapy 
would substantially reduce the time required to bring such a therapy 
to market. Several fluoroquinolones (FQ), which are broad-spectrum 
antibacterial drugs, are known to enhance RNA interference (RNAi), an 
intrinsic antiviral defense. We therefore hypothesized that these drugs 
might also show antiviral efficacy. To test this hypothesis, HEK-293 cells 
were inoculated with dengue virus serotype 4 (DENV-4) one virus per cell, 
after 2 hours the virus was removed and a FQ (enoxacin, ciprofloxacin, 
and difloxacin) was added using a serial dilution series. After 5 days, 
the cell supernatant was collected and titered on HEK-293 cells. The 
effective concentration 50 of these fluoroquinolones against DENV-4 in 
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HEK-293 cells was 7.6μM, 19.6μM, and 10.1μM, respectively, while the 
cytotoxic concentration 50 of these drugs was 545.2μM, 753.5μM, and 
1513μM. To formally test whether inhibition of dengue virus by these 
fluoroquinolones is attributable to enhancement of RNAi, we investigated 
whether drug efficacy was lost when the RNAi pathway was knocked 
down. We first demonstrated, using Western blotting, that introduction of 
siRNAs targeting Argonaute 2 (Ago-2), a key effector in the RNAi pathway, 
depleted this protein in HEK-293 cells and persisted at least 6 days. We 
next demonstrated, using resazurin dye to assess cell viability, that Ago-
2 siRNAs were not toxic to HEK-293 cells alone or in combination with 
enoxacin, ciprofloxacin, or difloxacin. Presently, we are testing the efficacy 
of each of the three fluoroquinolone drugs to inhibit DENV-4 replication in 
HEK-293 cells that have been pre-treated with either an anti-Ago-2 siRNA 
or a negative control siRNA; results of these experiments will be presented.

759
DEVELOPMENT OF A PAN-DENGUE DIAGNOSIS PLATFORM 
USING DIRECT SERUM SAMPLES

Zhuoyu Ni1, Regina Heineman1, Theron Gilliland, Jr.2, Allison 
Dauner2, Subhamoy Pal2, Robert D. Hontz3, Shuenn-Jue Wu2

1Agave BioSystems, Ithaca, NY, United States, 2Naval Medical Research 
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A single-tube reverse transcription loop-mediated isothermal amplification 
(RT-LAMP) assay has been developed to detect all four serotypes of dengue 
virus (DENV) in serum. Transmitted by the Aedes mosquito vector, DENV 
is the causative agent of dengue fever with symptoms ranging from mild 
to severe, accompanied by debilitating and potentially fatal outcomes. 
There is no available vaccine or specific treatment for dengue, and early 
diagnosis is critical to providing appropriate supportive therapy to manage 
the disease. Pan-dengue LAMP primer mixtures and reaction compositions 
were optimized to detect viral RNA of all four dengue serotypes with 
similar efficiency. The analytical limit of detection (LOD) is 10^4 DENV 
RNA copies /mL in virus spiked serum. Serum samples from patients with 
acute dengue infection have about 10^3-10^8 RNA copies /mL, making 
the RT-LAMP LOD relevant to capturing a majority of clinical cases. With 
a blind test of 60 clinical serum samples, our assay reached sensitivities 
and specificities of 96.7% using conventional RT-PCR as the benchmark. 
The RT-LAMP reaction was performed on a companion portable prototype 
device with an 8-reaction capacity, thermal control, real-time fluorescence 
monitoring, and an interactive user interface. The entire assay can be 
completed in less than 60 minutes with the readout of dengue-positive 
or dengue-negative results available immediately at the conclusion of 
the test. The protocol requires minimal sample input (2 µL) and no RNA 
extraction step, which is another advantage to this method. Our assay 
represents a major advance in dengue diagnosis, as it combines the 
specificity and sensitivity of nucleic acid-based technology with the point-
of-care diagnostic format.

760
DENGUE-SPECIFIC ANTIBODY AND MEMORY B CELL 
RESPONSES FOLLOWING IMMUNIZATION WITH V180 
TETRAVALENT RECOMBINANT SUBUNIT DENGUE VACCINE

Sheri A. Dubey1, Jeffrey J. Sachs2, Andrew J. Bett1, Kalpit A. 
Vora1, Beth-Ann G. Coller3, Danilo R. Casimiro1

1Merck & Co., Inc., West Point, PA, United States, 2Merck & Co., Inc., 
Rahway, NJ, United States, 3Merck & Co., Inc., North Wales, PA, United 
States

A Dengue vaccine that induces long-lasting protection against all four 
types of Dengue virus (DENV) is needed to protect against Dengue-induced 
disease. Following vaccination or infection, Dengue-specific humoral 
immunity is typically measured by IgG binding ELISA and antibody-
mediated virus neutralization assay. Measurable antibody titers often wane 
over time and may become undetectable in the peripheral blood without 

a booster vaccination or virus exposure. Antibody levels are dependent 
on the number of memory B cells, and therefore assessment of memory 
B cells may be a better measure of long term immunity. For this purpose, 
we developed a sensitive memory B cell ELISPOT assay for each of the four 
DENV and we employed this assay to evaluate serotype-specific memory 
B cell levels following vaccination with V180 Tetravalent Recombinant 
Subunit Dengue Vaccine. In the V180 Phase I vaccine study, flavivirus-
naïve subjects received three doses of recombinant envelope glycoprotein 
(DEN-80E) for all 4 DENV types at three dose levels, with or without 
adjuvant. Serum was collected at multiple times, including prior to and 
28 days after each vaccination, and evaluated for DENV-specific antibody 
binding and virus neutralization. Prior to first vaccination and at the 
primary immunogenicity timepoint (28 days post dose 3, PD3), PBMC were 
collected for memory B cell analysis in a cohort of 18 study subjects in the 
high dose vaccine group. Preliminary data shows that V180 formulated 
with ISCOMATRIX™ adjuvant was highly immunogenic as measured in 
the serum antibody assays and the memory B cell assay, with an apparent 
balanced response across all 4 DENV types. We will present a comparison 
of these immunogenicity assays to (1) assess correlation among the assays, 
(2) analyze balance of immunogenicity in light of possible cross-reactivity 
between serotypes, and (3) analyze the time course and longevity of the 
immune response measured by each assay across vaccine groups. Our 
analysis will explore the relationship between DENV-specific memory B cell 
levels at 28 days PD3 and long term immunity as measured by antibody 
titers at 6 and 12 months PD3.

761
HUMAN CD8 T CELL RESPONSES AGAINST THE FOUR DENV 
SEROTYPES ARE ASSOCIATED WITH DISTINCT PATTERNS FOR 
PROTEIN TARGETS

Alessandro Sette1, Cristhiam Cerpas2, Michael A. Angelo3, Derek 
J. Bangs3, John Sidney3, Bjoern Peters3, Esper G. Kallas4, Lionel 
Gresh5, Angel Balmaseda2, Eva Harris6, Daniela Weiskopf3

1La Jolla Institute for Allergy and Immunology, La Jolla, CA, United States, 
2Centro Nacional de Diagnóstico y Referencia, Managua, Nicaragua, 3La 
Jolla Institute for Allegy and Immunology, La Jolla, CA, United States, 
4University of São Paulo, Sao Paulo, Brazil, 5Sustainable Sciences Institute, 
Managua, Nicaragua, 6University of California Berkeley, Berkeley, CA, 
United States

All four dengue virus serotypes are now simultaneously circulating 
worldwide being responsible for 400 million human infections each year. 
Previous studies of CD8 T cell responses in HLA-transgenic mice and 
vaccinees demonstrated a different hierarchy in immunodominance of 
structural versus non-structural proteins as a function of the infecting 
serotype. This led to the hypothesis that there are intrinsic differences in 
the serotype-specific reactivity of CD8 T cell responses. We tested this 
hypothesis by analyzing serotype specific CD8 T cell reactivity in naturally 
infected human donors from Sri Lanka and Nicaragua using ex vivo IFNγ 
ELISPOT assays. Remarkably similar and clear serotype-specific patterns 
of immunodominance in both cohorts have been identified. Pooling of 
epitopes that accounted for 90% of the IFNγ response in both cohorts 
resulted in a global epitope pool. Its reactivity was confirmed in naturally 
infected donors from Brazil, demonstrating its global applicability. This 
study provides new insight in differential serotype-specific immunogenicity 
of DENV proteins. It further provides a potentially valuable tool for future 
investigations of CD8 T cell responses in the typically small sample volumes 
available from acute fever patients and/or children without requiring prior 
knowledge of either infecting DENV serotype or HLA type.
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ANTIVIRAL SMALL INTERFERENCE RNA PROFILES FROM LOW 
AND HIGH VECTOR COMPETENT MOSQUITO LINES FROM 
MEXICO UPON DENV-2 INFECTION

Selene M. Garcia Luna, Nathan D. Grubaugh, Irma Sanchez-
Vargas, Joseph R. Fauver, Gregory D. Ebel, William C. Black
Colorado State University, Fort Collins, CO, United States

The small interference RNA (siRNA) pathway is the major antiviral innate 
immune response in the DENV vector, Aedes aegypti, and may control 
the outcome of transmission upon infection (i.e. vector competence). 
The aim of the work is to determine whether viral siRNA profiles from 
mosquitoes contribute to the vector competence phenotype. Aedes 
aegypti isofemale lines were derived from collections from the state of 
Veracruz, Mexico, and were assessed for vector competence by plaque 
assay and RT-qPCR. Three isofemale lines were chosen based on different 
vector competence phenotypes: isofemale line C/Z 9 does not have a 
midgut infection or midgut escape barrier (MIB and MEB, respectively) 
and has a high vector competence phenotype, C/Z 12 has a low vector 
competence phenotype due to a MEB, and C/Z 22 has a low vector 
competence phenotype due to a MIB. The isofemale lines were then orally 
infected with a low passaged Mexican DENV-2 strain, after 14 days post 
infection (dpi), midguts were dissected, and RNA from individual midguts 
were screened by RT-qPCR to determine infection status. 46, 48 and 17% 
of midguts were positive for DENV from the isofemale lines C/Z 9, C/Z 
12, and C/Z 22, respectively. siRNA libraries were prepared from infected, 
exposed but uninfected, and unexposed midguts using the TruSeq small 
RNA library prep and were sequenced on the Illumina HiSeq platform. 
We expect to find similar antiviral siRNA profiles between the isofemale 
lines without a MIB (C/Z 9 and C/Z 12) and without a MEB (C/Z 9 and C/Z 
22). This work will help us understand how the Aedes aegypti antiviral 
innate immune system contributes to the outcome of infection and DENV 
transmission.

763
ENHANCING ANTI-DENGUE VIRUS ANTIBODIES TARGETING 
THE FUSION LOOP DELAY AND UPREGULATE PRO-
INFLAMMATORY CYTOKINE PRODUCTION BY FCΓR-BEARING 
CELLS IN VITRO

John S. Schieffelin, Lindsey Bazzone, James E. Robinson
Tulane University, New Orleans, LA, United States

Secondary dengue infection with a heterologous serotype can lead to 
severe disease characterized by vascular leakage. Antibody-dependent 
enhancement (ADE) occurs when pre-existing, cross-reactive antibodies 
enhance viral infectivity. This phenomenon may be responsible for severe 
disease during secondary infections. The ADE hypothesis has been 
expanded to include the idea that FcγR-mediated viral entry into host cells 
can result in suppression of the cellular antiviral response. FcγRIIA-bearing 
K562 cells were infected with DENV that had been pre-incubated in the 
presence or absence hMAbs at neutralizing or enhancing concentrations. 
Infection kinetics were determined over a 120 hour period by plaque 
assay and qRT-PCR. Cytokine profiles were determined by cytometric bead 
array (CBA) assay. DENV-specific cytokine production was determined by 
subtracting the amount of cytokine (pg/ml) produced by mock-infected 
cell culture supernatants from the amount of cytokine (pg/ml) produced 
by infected cell culture supernatants. With the exception of cells infected 
with DENV plus a neutralizing concentration of HmAb 1.6D, all groups 
exhibited similar infection kinetics with viral titers peaking within 48 
hours post-infection. Cells infected under enhancing conditions had 
viral titers approximately 100-fold higher than those infected without 
HmAbs present. In addition, cells infected under enhancing conditions 
significantly greater viral replication as measured by genomic copies than 
those cells infected under non-enhancing conditions. When compared 

to K562 cells infected with DENV alone, cells infected under enhancing 
conditions exhibited delayed pro-inflammatory cytokine production. 
However, the peak production of these cytokines was greater relative to 
cells infected with DENV alone. Enhancing hMAbs lead to increased viral 
replication after dengue infection of FcγRIIA-bearing cells. In addition, 
hMAbs targeting the fusion loop delay but increase the production of pro-
inflammatory cytokines.

764
DENGUE CHAT: AN INFORMATION AND COMMUNICATION 
TOOL TO PROMOTE COMMUNITY-BASED DENGUE VECTOR 
CONTROL

Josefina Coloma1, Eva Harris1, Harold Suazo-Laguna2, James 
Holston3

1Division of Infectious Diseases and Vaccinology, School of Public Health, 
University of California, Berkeley Berkeley, CA, United States, 2Sustainable 
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Integrated vector control strategies that incorporate community-based 
interventions are currently considered a sustainable approach to try to 
curb the expansion of dengue. The best agents to eliminate potential 
and active mosquito breeding sites are the residents of communities 
affected by dengue. We report the development of Dengue Chat, an 
interactive cell phone and web platform that combines mobile technology, 
information, and evidence with game concepts to motivate community 
residents to report and eliminate mosquito breeding containers. Dengue 
Chat was developed with a capillary strategy of software production 
that involved young user-residents in Brazil, Mexico and Nicaragua in 
the researching, designing, and testing of the application. Dengue Chat 
crowd-sources the identification and mapping of breeding sites through 
photographic evidence, generating data that is returned as visual graphs 
and information to motivate the active management of dengue vector 
foci. The elimination of the breeding containers is documented by a 
second photograph. The app and web interface are interactive, allowing 
residents to create their own profiles and exchange information regarding 
dengue in their neighborhoods. Dengue Chat also has an educational 
and social network component that relates to other relevant issues in the 
community. Players participate in teams and earn badges and points for 
their documented efforts in eliminating breeding sites. Dengue Chat is 
being piloted in 5 communities in Managua, Nicaragua, that are heavily 
affected by dengue and chikungunya. Baseline entomological surveys were 
carried out prior to implementation. The app is being deployed by teams 
of volunteer youth brigades under the supervision of a project facilitator 
and within the intrinsic community health leadership. Preliminary data 
demonstrates that Dengue Chat has high acceptability and is an effective 
communication and community engagement tool for dengue control. 
Results from the pilot studies are informing app re-design and providing 
direct feedback regarding the limitations and benefits of Dengue Chat, 
while potential scale-up is considered.
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SEROSURVEY OF DENGUE, ZIKA AND OTHER MOSQUITO-
BORNE VIRUSES IN FRENCH POLYNESIA

Maite Aubry1, Anita Teissier1, Claudine Roche1, Sylviane Teururai1, 
Sylvie Paulous2, Philippe Desprès2, Henri-pierre Mallet3, Sébastien 
Merceron4, Michael Huart5, Sébastien Sicard5, Xavier Deparis5, 
Didier Musso1, Van-Mai Cao-Lormeau1
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France, 3Direction de la Santé de la Polynésie française, Papeete, French 
Polynesia, 4Institut de la Statistique de la Polynésie française, Papeete, 
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Since the 40s, dengue virus (DENV) has been the only mosquito-borne 
virus actually considered as major public health concern in the Pacific 
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region and more particularly in French Polynesia (FP). In 2013, Zika 
virus (ZIKV) was detected in FP for the first time and caused the largest 
outbreak ever reported. In order to anticipate the possible burden 
of arthropod-borne viruses (arboviruses), we conducted a serosurvey 
intended to identify the viruses the French Polynesian population is mostly 
immunologically naïve for or has already been exposed to. During the first 
semester of 2014, serum samples were collected from 196 participants 
aged 7-86 years (median 41 years) living in the most inhabited islands of 
the five archipelagoes of FP, and from 476 school children aged 6-16 years 
(median 11 years) living on the main island, Tahiti. Serum samples were 
tested for the presence of specific IgGs against the four different DENV 
serotypes, ZIKV, Chikungunya virus (CHIKV), Japanese encephalitis virus 
(JEV), West Nile virus (WNV) and Ross River virus (RRV). Seropositivity rates 
found among residents and school children were respectively 88% and 
50% for DENV-1, 51% and 0% for DENV-2, 67% and 15% for DENV-
3, 61% and 15% for DENV-4, 50% and 66% for ZIKV, 3% and 1% for 
CHIKV, 10% and 1% for JEV, 8% and 3% for WNV, and 35% and 1% for 
RRV. The level and distribution by age of the seropositivity for the different 
DENV serotypes is overall consistent with epidemiological data. Most 
notably, the lower level of seropositivity for DENV-2 compared to the other 
3 serotypes may be associated with a higher risk of re-emergence of this 
serotype in FP. At least half of the residents and children have ZIKV IgGs, 
showing that most people were immunized during the 2013 epidemic. 
The results also suggest that RRV may have circulated in FP although it has 
never been reported. The low level of immunization (10% or less) against 
CHIKV, WNV and JEV may be associated with a high risk of emergence 
of these viruses in FP, as confirmed by the occurrence of a large CHIKV 
outbreak that started in FP in October 2014.

766
LOW VECTOR COMPETENCE OF LOCAL AEDES ALBOPICTUS 
TOWARDS DENGUE VIRUS TYPE 1 STRAINS IN HAWAII

Estelle Martin1, Shannon N. Bennett2, Deon Canyon1, Allison 
Imrie3, Vivek R. Nerurkar1

1University of Hawaii, Honolulu, HI, United States, 2California Academy 
of Sciences, San Francisco, CA, United States, 3University of Western 
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Dengue is the most important arthropod-borne viral infection of humans, 
with an estimated 350 million cases reported each year in tropical 
countries. Dengue virus (DENV) is transmitted primarily by Aedes aegypti 
and to a lesser extent by Ae. albopictus, which is associated with small 
and mild outbreaks. Two different DENV-1 genotypes, I and IV, were 
introduced in Hawaii in 1943 and 2001, respectively. Ae. albopictus 
is the most abundant Aedes species in the Hawaiian Islands. Given its 
abundance, increased global travel and spread of the virus, the vectorial 
capacity of Ae. albopictus towards dengue virus has major epidemiologic 
significance. However, there is no scientific data on how effective local Ae. 
albopictus are at transmitting DENV strains. In this study we investigated 
the competency of Ae. albopictus in transmitting DENV-1 strains isolated 
in Hawaii. Two Ae. albopictus mosquito populations trapped in Central 
Oahu (CO) and Southern Oahu (SO) were fed infectious blood meals of 
DENV-1 from Maui and Oahu isolated in 2001, and DENV-1 from Oahu 
isolated during the 1943 DENV outbreak. A subset of exposed mosquitoes 
was examined for virus levels by organ (body, legs/wings, saliva) at day 7 
and day 14 after infection, and infection, dissemination and transmission 
rates were assessed. High levels of infection and dissemination were 
observed for the two 2001 viral strains from Maui and Oahu, whereas 
moderate level of infection was observed for the Oahu 1943 strain with 
low level of dissemination showing a differential response according to the 
genotype. Overall, low level of transmission was found for all viral strains 
suggesting the presence of a salivary gland barrier. These results can 
explain the limited size of the 2001 DENV outbreak in Hawaii. Phylogenetic 
evidence suggests introduction of DENV-1 from French Polynesia where 
a large outbreak driven by the vector Ae. aegypti was occurring at the 
same time. Interestingly no difference in the DENV genome between 

the Hawaii and the Polynesian strains were observed suggesting that 
the mild and small outbreak in Hawaii is directly linked to the low vector 
competence of the secondary vector Ae. albopictus.

767
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PREVENTION AND CONTROL ACTIVITIES IN URBAN SRI 
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Dengue has become a major public health problem in Sri Lanka; however, 
the economic impact of the disease has not been studied in this setting. 
This study assessed the costs of dengue prevention and control activities 
and the direct medical costs of dengue hospitalizations in the Colombo 
District, the most affected district with the highest dengue caseloads 
in the country. The study was conducted in the epidemic year of 2012. 
Using information from the official databases of governmental agencies 
in charge of the dengue prevention and control activities in each 
administrative unit, we calculated the total financial costs of these activities 
and the average cost per capita. The direct medical costs of hospitalized 
dengue cases in the public health sector were derived using operational 
budgets and a sample of bed head tickets of adult and pediatric patients 
available from six secondary level hospitals. In 2012, the total financial 
cost of dengue prevention and control activities in the Colombo District 
was about $998,000, or $0.43 per capita. The mean direct medical costs 
to the public health care system per case of hospitalized dengue fever (DF) 
and dengue haemoraggic fever (DHF) were $221 and $316 for paediatric 
partients, respectively, and $203 and $272 for adult patients, respectively. 
These preliminary results highlight the high economic burden of dengue 
to the public health sector in the Colombo district in Sri Lanka during an 
epidemic year and contribute to the sparse literature on the economic 
burden of dengue in affected countries. This research was funded by 
“DengueTools” of the 7th Framework Programme of the European 
Community.
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Dengue is endemic in Bangladesh; however, seroprevalence studies in 
the capital city of Dhaka and one rural area suggest that there is spatial 
variation in risk. There is limited data on individual- and community-level 
risk factors in Bangladesh and the epidemiology is poorly understood. To 
address this gap we conducted a nationwide seroprevalence study during 
August to December 2014. We randomly selected 70 communities and 
visited up to 15 randomly selected households within each community. 
All household residents were asked to provide a blood sample and socio-
demographic information. Indirect PanBio IgG ELISAs were used to identify 
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past dengue infections. ELISA optical densities separated individuals into 
two distinct groups of persons with and without past dengue exposure. 
We used bivariate analysis to identify individual risk factors associated with 
past dengue infection. In total, 2,911 individuals participated in the study 
with a median age of 26 (range 0 - 90) years. Prevalence of IgG against 
dengue was 11% in individuals aged ≤10 years, which increased to 18% 
in individuals aged 11-20 years (p-value=0.002), then further increased 
to 30% in individuals aged 21-50 years (p-value≤0.001), and remained 
at 30% in individuals ≥51 years of age. Males were 1.3 (95% confidence 
interval [CI] 1.1-1.5) times more likely to have been infected than females. 
Dengue seropositivity was higher in urban areas compared to rural areas 
(43 vs 19%, risk ratio = 2.2, 95% CI 1.9-2.5). Twenty-five percent of all 
communities had seroprevalence <10% and 10% had seroprevalence of 
>50%. Adults were more likely to be previously infected than children, 
but there were no meaningful differences after age 21, suggesting 
that endemic transmission may be relatively new to Bangladesh. Urban 
residents appear to be at much higher risk than rural residents with 
some rural areas having little evidence of previous dengue transmission. 
Additional studies to understand community-level differences in vector 
habitat and human movement could help predict which populations are at 
highest risk for future dengue outbreaks.
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PREDICTING POTENTIAL LINEAR B-CELL EPITOPES ON E 
GLYCOPROTEIN OF DENGUE VIRUS THROUGH IN-SILICO 
APPROACHES

Mahesha N. Nadugala, Pradeep D. Pushpakumara, Prasad H. 
Premaratne, Charitha L. Goonasekara
Institute for Combinatorial Advanced Research and Education, General Sir 
John Kotelawala Defence University and Faculty of Medicine, Ratmalana, 
Sri Lanka

B-cell epitopes on the E protein of Dengue virus (DENV),the major 
target of neutralizing antibodies (NAb) and vaccine development for 
DENV were predicted by in-silico approaches. These bioinformatics 
analyses are attractive as a first line of screening, in identifying epitopes 
for therapeutic and diagnostic purposes, featuring for their low cost, 
convenience etc.Three tools,BepiPred, Ellipro and SVMTrip were used 
and the results obtained were compared with each other followed by a 
concise verification against available biochemical-assay positive data. E 
protein sequences of 50 strains from each DENV serotype with temporal 
differences (1963-2011) and geographical variation were analyzed. 
Predictions yielded 23 epitopes (length 6-62 AA). BepiPred and Ellipro 
predictions showed a higher similarity while predictions of SVMTriP were 
slightly different. Many of the predicted epitopes, at least partially, overlaps 
with regions that have been shown to generate Abs or be recognized by 
natural Abs in other studies. Some epitopes were further found on regions 
that are important in host cell attachment. The epitopes, EP5 (145-174) 
and EP6 (165-182) positioned on domain I (DI) showed a higher serotypic 
conservancy (%) with very low overall conservancy (%), demonstrating a 
potential target as serotype specific diagnostic markers. EP3 (62-123) and 
EP4 (65-85) are included in the highly conserved bc loop (73-79) region 
of DII, which is known to give rise to NAbs. EP11 (279-298) locates in the 
DI/DII hinge region, which is the principle target of long-lived serotype-
specific NAbs that develop in humans after natural DENV3 and DENV4 
infections. EP13 (311-316) and EP14 (310-329) on the DIII partially 
includes the highly conserved peptide sequence (309-320) on AB loop of 
the DIII and EP19 (371-402) includes highly conserved 393-401 region. 
EP20 (416-435) in the stem region showed an overall conservancy of 
75% with 95% serotypic conservancy. The predicted epitopes by the 3 
tools demonstrated good agreement in the results. As such this research 
concludes that in-silco approach is a recommendable initial step to screen 
potential linear epitopes in proteins.
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LONG HISTORY OF DENGUE TRANSMISSION, NEW GUINEA
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Dengue incidence has increased consistently in Southeast Asia and the 
Western Pacific in the past decades, and more than 70% of the global 
dengue burden is currently borne by people who live in this region. 
Despite presumed endemicity, little is known about the natural history of 
dengue in Papua New Guinea and there is no ongoing surveillance. We 
conducted seroprevalence assessments using serum samples collected 
from northern and southern coastal areas, offshore islands and the 
highland region of New Guinea between 1959-1963, and 2007-2010. 
DENV-specific neutralizing antibodies were demonstrated in sera from 
the northern coast of New Guinea and previous monotypic infection with 
all four serotypes was identified, however the majority of sera showed 
evidence of multiple previous DENV infections. No evidence of previous 
DENV infection was identified in the Asmat villages of the southern coast 
in sera collected in 1962; these same serum samples were previously 
found to be seronegative for measles IgG, supporting our finding that 
these isolated groups, in the absence of significant contact with outside 
forces, had not been exposed to DENV. DENV-3 was isolated from febrile 
patients in Madang in 2007-2008, and phylogenetic analysis of whole 
genome sequences showed these viruses clustered into a distinct group 
within genotype 1, a pattern suggestive of endemic DENV transmission. 
DENV-2 (Cosmopolitan genotype) was isolated from a febrile patient from 
Lihir Island in 2010. These findings confirm that multiple DENV serotypes 
have circulated along the northern coast of New Guinea for decades 
and support the notion that dengue has been a significant yet neglected 
endemic disease in PNG for more than 70 years. In spite of this apparent 
endemicity, severe dengue has not been reported in PNG. Dengue burden 
needs to be quantified and assessment of origin and distribution of DENV 
genotypes undertaken so as to develop an understanding of dengue 
transmission and virulence in PNG, particularly in the context of emerging 
dengue vaccines.
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THE DENGUE VACCINE INITIATIVE PROJECT: THE PASSIVE 
FACILITY-BASED SURVEILLANCE AND SERO-PREVALENCE 
SURVEY FOR DENGUE IN CHILDREN AND ADULTS OF NHA 
TRANG CITY, KHANH HOA PROVINCE, VIETNAM

Sl-Ki Lim1, Thi Hien Anh Nguyen2, Jacqueline K. Lim1, Kang Sung 
Lee1, Jin Kyung Park1, Bao Ngoc Luong2, Phu Quoc Viet2, Duc Anh 
Dang2
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Dengue is one of the fastest spreading vector-borne viral diseases in 
the world and it is major health problem in Vietnam. In 2010, Vietnam 
experienced dengue outbreak with almost 130,000 cases and 110 deaths. 
In order to comprehensively determine true burden of dengue infection, 
Dengue Vaccine Initiative (DVI) conducts the passive facility-based fever 
surveillance, with the sero-prevalence survey in Nha Trang city, Khanh 
Hoa province in Vietnam.  Since the launch of the surveillance in August 
2014, we have collected acute and convalescent blood samples from 
febrile patients between 1-55 years of age to test for dengue fever using 
IgM and IgG ELISA, followed by RT-PCR. For the sero-prevalence survey, 
we identified 4400 randomly selected residents between 1-55 years of 
age to follow over rainy season and collected paired blood samples to 
estimate sero-conversion rate. To follow the changes in their immunity 
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status, those samples that show rise in the IgG ELISA undergo PRNT.  As 
of March 2015, 541 patients have been enrolled in the fever surveillance. 
Laboratory test results are available from 176 subjects and among them, 
67 were confirmed with dengue by ELISA IgM/IgG. The preliminary results 
show that the mean age was significantly higher among the dengue 
cases compared to non-dengue cases (23.9 vs. 13.0 years, P<0.001). 
Among dengue cases, only 7.5% (n=5) and 1.5% (n=1) of subjects 
were clinically diagnosed with DF and DHF, respectively. Rash, fatigue/
weakness, and headache were found to be more commonly shown 
among the dengue cases compared to the non-dengue cases. As for 
sero-survey, the first bleeding was conducted in September 2014 and the 
second bleeding is planned in April 2015. After paired sera are collected, 
laboratory tests will be performed. More information such as circulating 
serotypes, the age-specific incidence rates and sero-conversion rates will 
be available for presentation at the conference. The study will provide 
valuation information on the true burden of dengue in Nha Trang city and 
will be used as evidence for decision-making for future dengue vaccine 
introduction in Vietnam.
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Linear B-cell epitopes of NS1 protein from Dengue virus were predicted 
using a bioinformatics approach. The secreted form of Dengue NS1 in the 
bloodstream has been shown to stimulate a strong humoral response, 
therefore the utility of NS1 B-cell epitopes and antibodies against them 
as a diagnostic tool or for clinical management of the disease is of a 
current interest. Three B-cell epitope prediction tools, Ellipro, BepiPred 
and SVMTrip, were used to predict linear dengue NS1 epitopes and the 
predictions were evaluated by comparing the results among the three 
tools and with currently available data on immunogenic epitopes of NS1 as 
assayed by biochemical tests. Fifty sequences from each dengue serotype, 
representing a wide geographic area and a time span, were selected from 
NCBI gene bank. The sequences were aligned using MEGA6 software, 
and their conservation was evaluated using IEDB and Weblogo analysis 
tools. A total of 22 regions on the NS1 protein, ranging 6 to 21 amino 
acids in size, were predicted by the three prediction tools. The same 
regions were found to be predicted as epitopes by more than one tool, 
showing a good agreement in the results among the three tools. Further, 
many of the epitopes, at least partially, matched with regions, which 
have been previously identified to be immunogenic in other studies. The 
epitopes 72NELNHILLENDMKFT86, 102MIRPQPMEYKY112 and 202ESEKNET208 
are highly conserved within each serotype but highly variable among the 
four serotypes. The results suggest a potential use of these epitopes as 
serotype specific diagnostic markers. Three epitopes, 155EDYGFGIFT163, 
230LWSNGVLESE239, 261TQTAGPWHLGKLELDFDLCE280 were more than 85% 
conserved among the four Dengue serotypes. Further, these epitopes were 
not conserved with other Flavivirus groups, West Nile Virus and Japanese 
Encephalitis Virus, demonstrating a potential role as group detection 
diagnostic markers for Dengue.
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ESTIMATING DENGUE TRANSMISSION INTENSITY FROM 
INCIDENCE DATA IN MULTIPLE COUNTRIES
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With an estimated 390 million annual infections worldwide, dengue is a 
global public health burden. Yet estimates of dengue transmission intensity 
remain ambiguous. Most primary dengue infections are asymptomatic, 
but secondary heterologous infection has been identified as a major risk 
factor for symptomatic and severe dengue. Therefore the majority of cases 
observed in hospitals or reported via surveillance systems are secondary 
infections. In many countries incidence data are the only type of data 
available. Although we hypothesise that seroprevalence data provide a 
more reliable estimate of the force of infection, in the absence of such 
data we propose a method of estimating dengue transmission intensity 
from age-stratified incidence data. We estimated the force of infection 
by fitting a catalytic model to data from 12 countries using a Metropolis-
Hasting Markov Chain Monte Carlo algorithm. We also estimated the 
relative probability of detecting primary to quaternary infections and 
found that secondary infections consistently had the highest probability 
of detection. Basic reproduction numbers ranged between 1 and 6 which 
was consistent with results we obtained previously from seroprevalence 
surveys. We additionally estimated age-dependent reporting rates and the 
age threshold at which reporting rates changed. As expected this varied 
widely across surveys but reporting rates were consistently higher in the 
younger age-groups. The baseline reporting rates are indicative of the 
quality of the surveillance system. However there can be substantial bias in 
an epidemic year when not all suspected dengue cases will be laboratory 
confirmed and clinicians may diagnose any febrile illness as suspected 
dengue fever. Comparison of estimates derived from different data types 
will help to quantify the importance of silent transmission on dengue 
burden and identify areas where clinical dengue surveillance may require 
improvement.
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DENGUE SEROPREVALENCE IN TWELVE COUNTRIES: 
BASELINE SEROPOSITIVITY RATES FROM PREVIOUSLY 
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Dengue has been spreading rapidly around the globe and now considered 
endemic in most of the tropics and subtropics. The clinical manifestations 
of dengue disease are very wide, ranging from asymptomatic cases 
to fatal outcomes. The information on endemicity often comes from 
passive reporting and the true burden is relatively unknown. Age-specific 
seroprevalence data can, therefore, be useful to better understand dengue 
transmission and to address the extent of dengue burden; however, 
measuring seroprevalence against dengue is not a common practice 
in most countries and data are lacking. To obtain a better view of the 
magnitude of the problem in dengue endemic countries, we have revisited 
10 Sanofi Pasteur CYD-TDV dengue vaccine clinical studies where blood 
was taken from the study subjects to assess the immunogenicity. Using 
their baseline seropositivity data, prior to receiving the candidate vaccine 
or placebo, with standardized age grouping (2-5 years, 6-11 years, 12-17 
years, and 18-45 years), we evaluated the proportion of subjects being 
seropositive against dengue IgG or based on PRNT. A total of 3,701 
subjects were included in the analysis from 12 dengue endemic countries 
in Asia and Latin America, where the bleeding had taken place between 
2006 and 2011. In most countries where the studies were conducted, 
approximately 50% or more subjects were seropositive by the age of 5 
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years. Low seropositivity rate (approximately 20% seropositive by the 
age of 12 years) was observed from Singapore despite its location in the 
heart of South East Asia. On the other hand, high seropositivity rates 
were observed from Indonesia, Philippines, Colombia, and Honduras, 
where 90% or more subjects were seropositive by the age of 12 years. 
This highlights the extent of the burden of dengue in children and 
complements the passive reporting data in these countries. Knowledge of 
current age-specific seroprevalence rates is important in order to establish 
public health priorities and to adopt appropriate vaccination policies.
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ACUTE FEBRILE ILLNESSES IN IQUITOS, PERU
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Non-specific acute febrile illness (AFI) is a common clinical presentation of 
dengue virus (DENV) infection. This is a challenge for clinical management 
and timely identification of surges in disease incidence, especially in places 
where laboratory confirmation of DENV infection is either delayed or 
absent. We analyzed four years of hospital and clinic data from Iquitos, 
Peru, to quantify the utility of symptom clusters (such as might be used for 
syndromic surveillance) compared to clinical diagnosis for differentiating 
dengue from other AFI. Case data were restricted to patients ≥5 years 
old, in the first five days of fever, with PCR test results. PCR-confirmed 
cases were restricted to DENV-2. We used common factor analysis (CFA) 
to identify symptom clusters in DENV+ patients, and test their utility for 
differentiating DENV+ (n=1803) from DENV- (n=3939) illness. Presumptive 
clinical diagnosis was available for a subset of cases (95 DENV+ and 363 
DENV-). Symptom cluster diagnosis and clinical diagnosis were evaluated 
using receiver operating characteristic area under the curve (AUC), where 
1.0 is a perfect classification, 0 is the inverse of a perfect classification, 
and .50 is an arbitrary classification. Three distinct symptom clusters 
identified by CFA in DENV+ cases corresponded to ‘body’, ‘respiratory’, 
and ‘gastrointestinal’ symptoms. When these clusters were evaluated 
individually and in combination, the AUC ranged from 0.47 to 0.54, 
indicating that the discriminatory power was close to a random guess. 
Similarly, the AUC for clinical diagnosis was 0.46. Our results emphasize 
the difficulty of identifying dengue cases based on clinical presentation 
alone, and highlight the potential for reliable point-of-care diagnostics to 
improve clinical management, as well as the timeliness and accuracy of 
epidemiological data.
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Since 2000, there had been periodic notifications of dengue cases in 
Burkina Faso. Dengue presence has been confirmed and an outbreak 
was declared in 2013. However, there is limited information on dengue 
incidence and serotype distribution. To determine the true burden of 
dengue, a comprehensive epidemiologic study including a passive facility-
based surveillance and a serological survey was launched in December, 

2014, in Ouagadougou, Burkina Faso. For the fever surveillance, people 
between 1-55 years of age seeking health care in six health care centers 
(CSPS) of Ouagadougou, with current fever or history of fever (≤7 days) 
and without confirmed Malaria were evaluated for dengue infection. Two 
samples were taken from each patient, an acute sample during the first 
visit and a convalescent sample during the second visit, with an interval 
of 10-21 days. All subjects were tested using dengue rapid test (NS1/IGM/
IgG) and IgM/IgG Capture ELISA. Those with positive results on any of 
thetests are further tested with RT-PCR. For the serosurvey, 3000 randomly 
selected residents of Ouagadougou between 1- 55 years of age were 
bled over an interval of six months and tested with IgG Indirect ELISA to 
calculate sero prevalence and subsequently the sero-conversion rate of the 
catchment population. Sero-converted samples will be tested using PRNT. 
So far, we have recruited 72 subjects from January to March 2015. The 
mean age is 23.12 years and 39 (68%) were female. From the 72 samples 
with lab testing completed, 23 (31.9%) were found to be dengue positive 
by ELISA, from which 95.7% (n=22) were secondary infections. There 
will be more data from the surveillance available at the conference. Also, 
from dengue-confirmed cases that sought care at the facility, direct and 
indirect cost-of-illness will be estimated and presented at the conference 
as well. The first serological survey is planned in May 2015 and the second 
bleeding would be taken around November. Additional data from the 
serological survey will also be available at the conference.

777
THE EFFECT OF MOSQUITO LIFE STAGES ON THE INVASION 
DYNAMICS AND SPATIAL SPREAD OF WOLBACHIA IN AEDES 
AEGYPTI: IMPLICATIONS FOR DENGUE VECTOR CONTROL

Gemma L. Nedjati-Gilani, Neil M. Ferguson
Imperial College London, London, United Kingdom

With approximately half the global population at risk of dengue 
infection, control of its primary mosquito vector Aedes aegypti is vital. 
One proposed control method is the release of mosquitoes infected 
with Wolbachia, which increases mosquito mortality, thus reducing the 
likelihood that dengue infected mosquitoes survive the extrinsic incubation 
period and transmit the virus. However, the success of this strategy 
depends on whether Wolbachia can spread spatially through the mosquito 
population from a few localised release sites. Previous theoretical work 
has examined how the threshold frequency of Wolbachia required for 
local fixation depends on the fitness costs associated with Wolbachia 
infection (i.e. increased mortality, reduced fecundity) and the levels of 
cytoplasmic incompatibility and maternal transmission. Using a stochastic 
patch model that incorporates egg, larval and adult stages, we find that 
for releases of adult mosquitoes, the threshold frequency of Wolbachia-
infected adults required to achieve fixation in a single patch is always 
higher than previously derived values, and that this threshold depends on 
the oviposition rate, development rates for eggs and larvae, and mortality 
rates of all three stages as well as the fitness costs associated with 
Wolbachia. When considering the speed of Wolbachia spread through an 
array of patches, the wave front moves across the population more slowly 
that expected if only the fitness costs of Wolbachia are taken into account 
when predicting the wave speed; in some cases where previous theoretical 
work has predicted spatial spread would occur, the wave actually contracts 
and the Wolbachia-infected mosquitoes become extinct.

778
TARGETED FULL GENOME AMPLIFICATION AND 
SEQUENCING OF DENGUE VIRUSES 1-4 IN SOUTH AMERICA

Cristhopher D. Cruz, Mariana Leguia
U.S. Naval Medical Research Unit - 6, Callao, Peru

Next-generation sequencing of dengue viruses (DENVs) is a  powerful 
tool for dengue epidemiological surveillance around the world. Protocols  
using targeted approaches to selectively amplify complete DENV-1-4 
genomes have  been described. However, these published workflows 
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use primer sets that were  specifically developed to detect DENV strains 
circulating in Asia. DENVs in South  America differ from those in Asia. 
Thus, existing workflows for full genome  amplification of DENVs are often 
inadequately suited to detect South American strains.  There is one report 
of optimized work flows for DENV-2 in Brazil, but nothing  for serotypes 
1, 3, or 4, which also circulate in the area. Here, we report optimized  
workflows for full genome amplification of all four serotypes of DENVs 
in South  America. Based on alignments of complete genome sequences 
available through  GenBank, we have modified and expanded previously 
published sets of primers to  generate complete genomes from DENVs 
1-4. Following re-design of the primer sequences,  cycling conditions 
were optimized using DENV-positive serum samples collected  in Bolivia, 
Ecuador, Paraguay, Peru and Venezuela since the early 2000s. Full  genome 
coverage in 5 overlapping segments was always possible from DENV-
positive  serum samples with CT values of ≤ 26 (as determined by McAvin 
RT-PCR). Samples  with CT values higher than 26 required amplification of 
larger number of  overlapping segments of smaller size in order to obtain 
full genome coverage. A  handful of samples with CT values higher than 
29 failed to generate complete genomes.  The methods described here 
are sequencing platform-independent, hence, they can  be used for next 
generation sequencing of DENVs circulating in South America  using any 
next-generation sequencing approach. These optimized methods should  
facilitate both epidemiological surveillance and evolution studies of DENVs 
in Latin  America.
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DENGUE VACCINE INITIATIVE PROJECT: THE SERO-
PREVALENCE SURVEY AND THE PASSIVE SURVEILLANCE FOR 
DENGUE IN BANG PHAE, RATCHABURI, THAILAND

Kriengsak Limkittikul1, Jacqueline K. Lim2, Chukiat 
Sirivichayakul1, Kang Sung Lee2, Jung Seok Lee2, Sl-Ki Lim2, 
Saravudh Suvannadabba3, Pornthep Chanthavanich1
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Republic of Korea, 3Department of Disease Control, Ministry of Public 
Health, Bangkok, Thailand

Dengue fever is a major public health problem in Thailand. With so much 
awareness and documented high burden, Thailand is likely to be an early 
adopter of dengue vaccines. In preparation for the upcoming dengue 
vaccine introduction, the Dengue Vaccine Initiative (DVI) is conducting 
the passive facility-based fever surveillance and sero-prevalence survey to 
accurately document dengue disease burden in both adults and children 
in Bang Phae district of Ratchaburi province in Thailand. The data will 
provide essential evidence for decision-making for vaccine introduction. 
The population in the study area is approximately 50,000. In the fever 
surveillance, eligible febrile patients between 1-55 years-of-age were 
enrolled. We collected acute and convalescent blood samples to test 
for dengue infection using IgM/IgG ELISA NS-1 rapid test and RT-PCR. 
The sero-prevalence survey is conducted on a sample of 2000 randomly 
selected residents to determine the burden of inapparent dengue. With 
6 months interval, the paired sera collected are tested with IgG ELISA 
and PRNT to assess age-specific sero-conversion rate.  Starting October 
2011, the surveillance was launched in Bang Phae Community Hospital 
(BPCH). Thus far, 759 patients were enrolled and 91 subjects were found 
to be dengue-positive. Most of the patients (n=82) were diagnosed with 
dengue fever and, among 88 samples that underwent PCR, 82% showed 
secondary infection (n=72). DENV-2 was the most common serotype. 
In sero-prevalence survey with 2012 subjects recruited in Bang Phae 
district, there were 1897 residents by the 4th bleeding among whom 
76% of subjects were found to be IgG-positive. Over the study period, 
the sero-conversion rate was approximately 10% per year. PRNT has been 
performed for 70 subjects and the majority was from secondary infection 
(67%) with 57% of these showing homologous secondary infections. 
More PRNT data will be available for presentation at the conference. The 
data generated will provide essential evidence for policy-makers to make 
informed decision-making for dengue vaccine introduction in Thailand.

780
A SOCIAL-EPIDEMIOLOGICAL STUDY TO UNDERSTAND 
DENGUE TRANSMISSION IN DHAKA, BANGLADESH

Parnali Dhar Chowdhury1, C. Emdad Haque1, Robbin Lindsay2, 
Antonia Dibernardo2, Shakhawat Hossain3, Michael Drebot2

1University of Manitoba, Winnipeg, MB, Canada, 2National Microbiology 
Laboratory, Winnipeg, MB, Canada, 3University of Winnipeg, Winnipeg, 
MB, Canada

Considering the complexities involved with dengue transmission, I 
argued that understanding transmission requires encapsulating different 
disciplinary knowledge as well as non-academic knowledge. I have applied 
an Ecohealth approach to investigate dengue transmission dynamics in 
Dhaka, Bangladesh.Using the Delphi method, all 90 Wards of Dhaka 
were classified into ‘high’, ‘medium’, and ‘low’ Socio-Economic Status 
(SES) zones. A total of 1,200 households were randomly selected which 
represented the SES zones. During 2011-2012, these sampled households 
were repeatedly inspected for Aedes mosquitoes and to collect blood 
samples from residing members. This transdisciplinary investigation 
focused on: i) the rates of human exposure to dengue virus (DENV) by 
identifying individuals with IgM and IgG antibodies in the serosurvey 
samples; ii) abundance of dengue vector mosquitoes in the same 
households; iii) risk perception, and Knowledge, Attitude and Practice 
(KAP) regarding dengue among community members and experts.KAP 
survey results indicated that 93.7% of the community members knew 
that mosquitoes act as the primary vector of its transmission; 87.3% 
were unaware that Aedes mosquitoes prefer to lay their eggs in water 
containers. The entomological survey results showed that 26.7% of all 
surveyed houses in the city were infested with Aedes aegypti mosquitoes. 
The ornamental functional categories of containers were most significant 
containers in producing maximum number of Aedes pupae; this was 
found to be a significant risk factor for seroprevalence and seroconversion. 
The examination of IgG seroprevalence revealed that seropositivity was 
strongly correlated with increased age and number of indoor potted 
plants. The serosurvey findings showed that seroprevalence was high 
(79.9%), revealing that most dwellers had been exposed DENV. However, 
there was no significant association between Aedes positive houses and 
houses with seroconverted persons. A persistently high rate of dengue 
infection in Dhaka is being influenced by the lack of knowledge and 
awareness of the eco-bio-social factors.

781
GLOBAL ECONOMIC COST OF DENGUE ILLNESS

Donald S. Shepard1, Yara Halasa1, Eduardo A. Undurraga1, Jeff 
Stanaway2

1Brandeis University, Waltham, MA, United States, 2University of 
Washington, Seattle, WA, United States

To quantify the global cost of dengue illness, we systematically assembled 
and analyzed data on dengue burden across all 141 countries with 
active dengue transmission. We based numbers of cases on the Global 
Burden of Disease 2013. We used available empirical country-level data, 
and extrapolated to other countries based on GDP per capita or other 
indicators. For example, we derived the proportion of cases treated in 
other settings based on patterns for fever cases from Demographic and 
Health Surveys in dengue countries (n=71) and extrapolated to remaining 
countries based on region and share of births with skilled attendants. 
We estimated a global case-fatality rate from dengue deaths adjusted for 
reporting rates (available for 32 countries). We obtained direct and indirect 
costs from empirical studies in 14 countries and projected to remaining 
countries based on GDP per capita and treatment site using a log-log 
specification. We estimated that 58.4 million (95% certainty range 23.4-
122.3) dengue cases occurred in 2013, with care distributed among the 
hospitalized (18%), ambulatory (42%), other (40%) sectors. The year’s 
global direct and indirect cost of dengue illness in 2013 was $7.8 billion 
(range $3.5-$15.8b) in 2013 US dollars or $1.36 ($0.62-$2.77) per capita, 
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distributed among non-fatal hospitalized (42%), ambulatory (32%), other 
sectors (16%), and fatal cases (10%). Of these costs, $3.66b correspond 
to countries in Southeast Asia, East Asia and Oceania (n=33), $1.82b to 
Latin America and the Caribbean (n=43), $1.63b to South Asia (n=6), 
$0.33b to Sub-Saharan Africa (n=44), $0.09b to North Africa and the 
Middle East (n=6), $0.01b from Central and Eastern Europe and Central 
Asia (n=4), and $0.24b to high income countries (n=5). As we recognized 
care in other sectors and resource constraints in most health systems, 
our global estimate is substantially lower than the $39b of Selck et al 
(2014) estimated for 2010. Nevertheless, being more costly than rabies 
($4.0b, Hampson, 2011), cholera ($3.1b, UPMC, 2010), and rotavirus 
gastroenteritis ($0.4b, Reingans, 2009), dengue imposes costs greater 
than several other major infectious diseases.

782
ISOLATION OF A HIGHLY DIVERGENT HANTAVIRUS FROM

THE EUROPEAN MOLE (TALPA EUROPAEA) IN POLAND

Se Hun Gu1, Janusz Hejduk2, Janusz Markowski2, Marcin 
Markowski2, Paweł P. Liberski3, Richard Yanagihara1

1University of Hawaii, Honolulu, HI, United States, 2University of Łódź, 
Łódź, Poland, 3Medical University of Łódź, Łódź, Poland

Persistent uncertainties in hantavirus taxonomy result from the paucity 
of full-length genomes and the dearth of hantavirus isolates. Although 
referred to as novel viruses, nearly all of the more than 30 hantaviruses 
(family Bunyaviridae, genus Hantavirus) identified recently in shrews 
and moles (order Eulipotyphla) and insectivorous bats (order Chiroptera) 
exist only as viral sequences. Because Nova virus (NVAV), harbored by the 
European mole (Talpa europaea), represents a highly divergent hantavirus 
lineage which is widespread across Europe, its isolation has been a high-
priority. Lung tissue homogenates, prepared from four NVAV-infected 
European moles captured in Huta Dłutowska in central Poland in 2013, 
were inoculated onto Vero E6 cell monolayers, then subcultured at two- to 
four-week intervals, at which time cells and culture media were analyzed 
for viral RNA by RT-PCR. After several failed attempts, NVAV RNA was 
detected in cells and culture media at 34 days after inoculation with tissues 
from one of four European moles. Subsequently, NVAV RNA was detected 
following inoculation of fresh Vero E6 cells with culture supernatant, 
indicating virus replication, and typical bunyavirus-like particles, measuring 
80–120 nm in diameter, were found by transmission electron microscopy. 
Hantavirus genomic sequences of the isolate, designated NVAV Te34, were 
identical to that amplified from the original lung tissue, and phylogenetic 
analysis of the full-length L, M and S segments, using maximum-likelihood 
and Bayesian methods, showed identical topologies, with NVAV clustering 
with the highly divergent bat-borne hantaviruses. Studies to determine 
the pathogenicity of the NVAV isolate in infant mice are underway. The 
long-awaited isolation of NVAV, as the first mole-borne hantavirus, will 
accelerate the acquisition of new knowledge about its evolutionary origin, 
phylogeography and pathogenicity. Because European moles often reside 
near human habitation, individuals with known exposures, who develop 
febrile illnesses or unusual clinical syndromes, are being investigated for 
evidence of NVAV infection and disease.
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A PRACTICAL APPROACH FOR MOLECULAR 
EPIDEMIOLOGICAL STUDIES: ASSORTMENT OF VIRAL 
PATHOGENS IN SIMULATED ISOLATE ADMIXTURE
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Deep sequencing by Next Generation Sequencing (NGS) technology has 
been adopted as a valuable tool in molecular epidemiology to obtain 
comprehensive and unbiased genetic information from rapidly evolving 
pathogens. We developed a simulated isolate admixture, established 
NGS laboratory approaches, and tested four bioinformatics algorithm 
pipelines to identify and semi-quantify the viral pathogens in a simulated 
fifteen-virus admixture that can be used in public-health laboratories to 
develop analytical proficiency.  The admixture was designed to simulate 
pooled respiratory samples collected from large epidemiological studies 
or specimens with multiple viral co-infections. Host genome depletion 
procedures consisted of mechanical host removal, enzymatic host 
removal, and/or virus concentration steps using conventional molecular 
laboratory equipments. The efficiency of host genome depletion 
procedures was critically evaluated according to individual pathogens 
that were successfully identified from the admixture and the quantity 
of the sequence recovered from the admixture.  The percentage of viral 
pathogens identified from the admixture was consistently greater than 
80% regardless of the analytical pipeline. For the sequence recovery, 
approximately 3.4 fold (95% CI 2.1- 4.7) and 13.3 fold (95% CI 8.4-18.2) 
viral contigs were identified by meta-IDBA, a read assembler for de novo 
metagenomic data, and Trinity, a de novo assembler of transcriptomes 
from RNA-seq data, respectively, prior to pathogen identification by blast 
on GENBANK database using sufficient host genome depletion procedures 
compared to untreated conditions (p=0.058 and p=0.046, respectively). In 
addition, host depletion procedures produced an average of 4 fold greater 
depth of coverage (DOC) of sequence reads by alignment analysis against 
identified viral pathogens when compared with no treatment.  The host 
depletion steps along with all four analytical algorithm pipelines produced 
highly accurate viral identification from an admixture that can be applied 
to laboratory-based surveillance.
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IMMUNE RESPONSE TO IPV-OPV VACCINATION IN A BIRTH 
COHORT IN SOUTH AFRICA: THE MAL-ED STUDY
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Nyathi3, Amidou Samie3, Mustafa Mafuz4, Stacey Knobler5, Richard 
Guerrant6, Michael Gottlieb7, Mark Miller5, Carl Mason8, Pascal 
Obong Bessong3
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In 2009, the South African National Vaccination Program introduced 
inactivated polio vaccine (IPV) in addition to oral polio vaccine (OPV) to 
ensure protection against polio. IPV is administered at 6, 10 and 14 weeks, 
and at 18 months, while OPV is given at birth and 6 weeks. Methods to 
study vaccine response have been described elsewhere (Hoest et.al 2014); 
briefly, the MAL-ED Study recruited a birth cohort in which vaccine history, 
monthly anthropometry, enteric infection, and breastfeeding practices 
were compared against polio antigens 1, 2, and 3 measured at 7 and 15 
months. In South Africa, 250 children were enrolled, with 233 receiving 
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at least two OPV doses by their first blood draw (range 0-3 OPV doses) 
and 198 receiving at least three IPV doses (range 0-4 IPV doses). Analysis 
is restricted to children with at least 2 OPV doses and titers are converted 
to log2 scale. There is a significant decrease in titers from 7 to 15 months 
across all antigens: from 9.42 to 8.71 for antigen-1 (p=0.001); 9.84 to 
9.38 for antigen-2 (p=0.006); and 9.80 to 9.07 for antigen-3 (p<0.0001). 
At 7M there is a significant positive trend between IPV doses and titers 
across all antigens with mean titers for 1, 2 or 3 IPV doses being 8.85, 
9.18 and 9.56 for antigen-1; 9.21, 9.56 and 9.95 for antigen-2; and 9.18, 
10.07 and 9.84 for antigen-3, respectively. At 15 months, this relationship 
is not significant and is negative for antigen-2: mean titers for 1, 2 or 3 
IPV doses are 8.54, 8.50 and 8.73 for antigen-1; 9.58, 9.63and 9.32 for 
antigen-2; and 8.96, 9.38 and 9.00 for antigen-3, respectively. Compared 
with other MAL-ED sites, which only use OPV for immunization yet 
with varying schedules, South African children have lower average polio 
antigen-1 titers compared with Bangladesh, Brazil, Nepal, and Pakistan; 
higher antigen-2 titers vs. India, Pakistan and Tanzania; and significantly 
higher antigen-3 titers vs. all other sites. Variations by nutrition, enteric 
infection and breastfeeding practices will be discussed. Results provide 
insight into the merits of IPV use in conjunction with OPV for global polio 
immunization efforts.

785
REPORT OF CIRCULATING GENOTYPE C STRAINS AND ONE 
UNKNOWN DIVERGENT STRAIN OF COXSACKIEVIRUS A16 IN 
PERU

Gladys R. Carrion, Jose L. Huaman, Maria Silva, Julia S. 
Ampuero, Robert D. Hontz
U.S. Naval Medical Research Unit - 6, Lima, Peru

Coxsackievirus A16  (CVA16) is a major etiological agent of hand, foot, 
and mouth disease (HFMD), as  well some neurological infections. In 
recent years, the number of studies investigating  the etiology and 
molecular biology of this virus has increased. This work has focused  
primarily on CVA16 emergence from the Asian continent. However, 
information  about CVA16 epidemiology in South America is limited. As 
part of our research investigating  respiratory infections in Peru through 
passive, clinic-based surveillance  methods, our laboratory reported the 
isolation of seven CVA16 isolates between 2005  and 2010 in children 
under six years of age. These isolates were collected from  four ecological 
regions of Peru: coast, desert, rainforest, and highlands. Molecular  
epidemiological studies were carried out based on VP1 and/or VP4, and  
classified into three genotypes: A, B and C, and additionally subgenotypes  
B1-B2 and C1-C3. Using complete VP1 and  VP4 gene sequences, we 
were able to molecularly characterize all seven of the CVA16  isolates. 
Six out of the seven isolates were genogroup C. To our knowledge,  this 
study represents the first report of CVA16 molecular characterization in  
Peru, demonstrating that the primary circulating CVA16 strain in Peru is 
genotype  C. However, we also found one divergent strain that did not 
cluster in any of  the three genotypes reported so far. For future work we 
would like to complete  a more complete phylogenetic analysis, including 
nucleotide analysis, with more  strains from Peru and Latin America. This 
would allow for a more complete  characterization of the possibility of an 
emergence of a new CVA16 genotype.
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EPIDEMIOLOGY OF ARBOVIRUSES IN THE NORTHEAST 
AMAZON BASIN OF PERU 2010-2014

Crystyan Siles1, Stalin Vilcarromero1, Yojani Aguilar2, Carlos 
Alvarez-Antonio3, Amy C. Morrison4, Robert D. Hontz5, Carolina 
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Arthropod-borne virus (arbovirus) infections continue to be a leading cause 
of morbidity and mortality around the world. Arbovirus infections are the 
primary cause of acute undifferentiated febrile illness (AUFI) in urban areas; 
dengue virus alone accounts for one hundred million cases each year, 
including more than 20,000 fatalities. Despite the public health relevance, 
the geographic range, relative impact, and epidemiologic characteristics 
associated with arbovirus infections are poorly described in many regions 
of the world. Here we describe the epidemiological data for arbovirus 
infection in patients with AUFI enrolled in a clinic-based surveillance 
study in Iquitos and Yurimaguas--the two largest cities of the northern 
Peruvian Amazon. Between December 2010 and October 2014, 2,328 
samples screened positive for viral infection (PCR or viral isolation or ELISA 
IgM 4-fold increase between acute and convalescent samples); of these, 
2,201 (94.5%) were positive for dengue virus infection while 127 (5.5%) 
were positive for other arboviral infections. These included Venezuelan 
equine encephalitis virus (VEEV), Mayaro virus (MAYV), group C viruses, 
and Guaroa virus (GROV). VEEV was the most common among the other 
arboviruses found. During 2011-2014, small but separate outbreaks of 
MAYV, VEEV, and GROV were detected. Seventy five percent (75%) of 
these non-dengue arboviruses were detected in residents from peri-urban 
and rural areas. Although 16-30 year olds were the most commonly 
affected age group for both dengue and other arbovirus infections, the 
cases of MAYV, VEEV, and GROV infections were higher among 31-45 
years olds (X2=15, p=0.005). All arboviral infections appeared to impact 
males and females equally. In an effort to prevent futures outbreaks it 
remains important to continue existing febrile surveillance in the Peruvian 
Amazon Region where these arboviruses are present.
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A CRITIQUE OF EBOLA PREPAREDNESS AT A LEVEL ONE 
TRAUMA CENTER IN THE SOUTHEASTERN UNITED STATES

Tatiana R. Eversley1, Daniel E. Mauck1, David P. Adams2

1Armstrong State University, Savannah, GA, United States, 2Armstrong 
State University/Medical College of Georgia, Savannah, GA, United States

The Ebola Virus was first discovered in Africa in 1976. Since that time, 
more than twenty outbreaks have been reported. We are currently in the 
middle of the worst Ebola epidemic on record. In the past year alone, 
a number of cases have been identified outside of Africa, specifically 
in Western Europe and North America. One of the most notable cases 
involved the death in Texas of an individual who reported a recent travel 
history to Liberia.  Many Ebola patients will seek care at hospitals that may 
not be equipped properly for the high level of infection control that is 
required.To better prepare these facilities, the World Health Organization 
(WHO) and the Centers for Disease Control and Prevention (CDC) have 
published guidelines for caring for Ebola-infected cases. These guidelines 
are designed to maximize containment of the infection and the prevention 
of its spread.  This presentation will examine the protocols for handling 
Ebola patients at a Level 1 trauma center located in a major metropolitan 
area in the Southeastern United States. More specifically, we will highlight 
protocols for Ebola treatment and containment and assess these guidelines 
against the WHO and the CDC recommendations.
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THE BURDEN OF JAUNDICE IN PREGNANCY-RELATED 
MORTALITY IN RURAL AND URBAN KENYA AND POSSIBLE 
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Maternal mortality is an area of severe health inequity, with 62% of 
global maternal deaths occurring in sub-Saharan Africa. Hepatitis E virus 
(HEV) infection also occurs disproportionately in impoverished settings 
and is the only cause of acute jaundice that increases maternal mortality. 
An outbreak in Dadaab refugee camp in 2012 indicated the presence 
of HEV in Kenya and infection has been consistently reported in nearby 
countries, but because of lack of surveillance, population-level mortality 
burden remains unknown. To estimate the proportion of pregnancy-
related mortality associated with jaundice in Kenya we analyzed results of 
verbal autopsy (VA) interviews of family members, designed to determine 
the cause(s) of a recent death. We analyzed VA data from three sites: the 
Nairobi Urban Health and Demographic Surveillance System (HDSS) (data 
from 2003-2012) and a Population-Based Infectious Disease Surveillance 
site (2009-2014) in Nairobi’s urban slums, and the rural Western Kenya 
HDSS (2002-2011). From all deaths among women of reproductive 
age, we identified those occurring during pregnancy or within 42 days 
of termination. We calculated the proportion associated with jaundice 
and pregnancy-related mortality ratios as the number of deaths per 
100,000 live births. Of 5,601 verbal autopsies conducted for women 
of reproductive age we identified 400 pregnancy-related deaths. In the 
Western Kenya HDSS, 17% (45/263) were associated with jaundice and 
the pregnancy-related mortality ratio associated with jaundice was 93 
per 100,000 live births. At both urban sites the proportion of pregnancy-
related deaths associated with jaundice was 25% (16/65 and 2/8). 
The pregnancy-related mortality ratio associated with jaundice was 80 
per 100,000 births in the Nairobi Urban HDSS. Therefore, jaundice is 
frequently associated with pregnancy-related deaths in both rural and 
urban Kenya, at similar proportions to those found in other HEV-endemic 
countries. HEV is preventable and an effective vaccine exists; laboratory-
based studies to document the burden of HEV in Kenya and to verify use 
of VA data to estimate HEV mortality are warranted.
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UNGROUPED AUSTRALIAN ARBOVIRUSES

Wenjun Liu1, Paul Pickering1, John Aaskov2

1Australian Army Malaria Institute, Brisbane, Australia, 2Queensland 
University of Technology, Brisbane, Australia

In the early 1960s, the Rockefeller Foundation began support for a 
program of discovery of arboviruses in Australia which resulted in the 
identification of twenty-four viruses that were new to science and a 
number of arboviruses that had not been identified previously in Australia. 
When this program concluded with Dr Ralph Doherty’s retirement as 
Director of the Queensland Institute of Medical Research, 50 agents 
recovered from mosquitoes, and several from a bird, which caused 
death or paralysis in new-born mice remained “unclassified”. Viruses 
now have been propagated in cell culture from 23 of these. Nucleotide 
sequencing is in progress and has identified 8 strains of Sindbis (SINV), 
6 of Murray Valley encephalitis (MVEV), 4 of Bovine viral diarrhoea 
(BVDV), 3 of Kunjin (KUNV) and one each of Kokobera (KOKV, multiple 
isolates from the tissues of a bird) and Ross River viruses (RRV). The BVDV 

isolates are believed to be contaminants from incompletely inactivated, 
locally collected, foetal calf serum rather than genuine isolates. There 
are no previous reports of the flavivirus KOKV being recovered from 
birds or of birds playing a role in its natural cycles of transmission. The 
nucleotide sequences of the isolates made from the various tissues of the 
bird were almost identical and were most closely related to a strain of 
KOKV recovered in Papua New Guinea in 1966 (MK 7979). Nucleotide 
sequencing of a further thirteen, previously unstudied, KOKV isolates 
from Australia, failed to identify KOKV similar to the bird isolates. The 
SINV isolates included a novel Australian lineage and the nsP3 genes of 
these viruses are being sequenced to identify lineage specific insertions, 
deletions and duplication events which have been described for almost all 
alphaviruses and which may distinguish Australian SINV lineages and/or 
be associated with lineage replacements. Phylogenetic analyses of the RRV 
and three KUNV are in progress. Nothing in the properties of the viruses, 
identified to date, explains why the serological methods of the day failed 
to identify them.
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POTENTIAL TRIGGERS OF DENGUE HEMORRHAGIC FEVER IN 
PATIENTS FROM BANGKOK, THAILAND
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Nerurkar1, In-Kyu Yoon3, Piyarat Suntarattiwong4, Anon 
Srikiatkhachorn5
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Medicine, Mahidol University and Northern Pacific Global Health Program, 
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Dengue fever (DF), a mosquito-borne disease, is among the most 
significant global health challenges. After dengue virus (DENV) infection, 
patients may progress to dengue hemorrhagic fever (DHF) within days. 
Evidence suggests that vascular endothelial cell dysfunction, coagulation 
disorders and increased plasma leakage occur rapidly after peak viremia 
and at defervescence, corresponding with elevated levels of circulating 
chemokines and cytokines. We seek to determine key triggers of DHF 
as part of an ongoing case-control study at the Queen Sirikit National 
Institute of Child Health in Bangkok Thailand. Our central hypothesis 
is that DHF cases demonstrate an elevated proportion of inflammatory 
(M1) compared to resting (M2) macrophages and demonstrate a unique 
cytokine expression profile early during infection that exacerbates 
endothelial cell permeability compared to DF controls. To date, we have 
enrolled eight hospitalized febrile patients, collecting both acute and 
convalescent blood samples. Aliquots of fresh blood were used to assess 
the frequency and vasoactive mediator expression profiles of CD14+ cells 
and subsets by flow cytometry. Preliminary results demonstrate an elevated 
M1 frequency and increased expression of TNF-alpha and VEGF in acute 
samples from DHF cases compared to controls. These data demonstrate 
that an early shift to M1 in DENV-infected patients may be critical to 
subsequently elevated vasoactive mediator levels and disease severity.
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MONKEYPOX VIRUS INFECTIONS IN HEALTHCARE WORKERS
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Muyembe Tamfum5, Robert Shongo Lushima6, Emile Wemakoy 
Okitolonda2, Mary G. Reynolds1
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Human monkeypox (MPX) is caused by monkeypox virus (MPXV), a 
zoonotic Orthopoxvirus. MPXV is endemic in western and central Africa; 
however, the overwhelming majority of human infections are reported 
from the Democratic Republic of the Congo (DRC). Healthcare workers 
(HCWs) are at risk of infection if they are providing consultation and care 
for patients. Infrastructure and resources for healthcare facilities are poor 
in DRC, and, therefore, there may be a heightened risk of infection if 
workers are unable to apply optimal infection control measures. Fourteen 
suspect monkeypox (MPX) cases in HCWs were identified in Tshuapa 
District, DRC between 2009 and August 2014. Diagnostic specimens were 
collected from 12 of the suspected cases; real-time polymerase chain 
reaction assays were conducted to assess MPXV and varicella zoster virus 
infection status. Exposure information was retrieved from the case report 
or collected retrospectively using an interview tool. Seven of the twelve 
suspect cases with laboratory testing results (58.3%) were classified as 
confirmed MPX. Five of the seven confirmed MPX cases (71.4%) had a 
smallpox vaccination scar. Considering all suspect MPX cases reported 
and investigated between January 2011 and August 2014, the overall 
proportion of HCW cases was 0.8% (range 0.6-1.8% by year). Among 
confirmed cases of MPX, the proportion represented by HCWs was 0.8% 
(range 0.3-3.1% by year). The estimated annual HCW incidence of MPX 
was 17.4/10,000. Three of the confirmed MPX cases (42.8%) reported 
exposure during the course of their duties at work, and four confirmed 
cases (57.1%) reported exposure while caring for an ill family member or 
friend. Ill HCWs put their families and close household contacts at risk, 
as well. Reinforcement of infection control practices should not only be 
emphasized for methods at a clinic, but also their work at home, should a 
family member become ill and need care. The use of vaccines to prevent 
occupationally-acquired infections should be considered as a first-line 
defense against infection for HCWs in DRC.
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FIRST EVIDENCE OF UNA VIRUS INFECTIONS IN INDIGENOUS 
AND NON-INDIGENOUS COMMUNITIES IN LORETO, PERU

Carolina L. Guevara1, Erik Jhonston2, Alfredo Huaman1, Maria 
Silva1, Jorge Gómez3, Victor A. Laguna-Torres3, Daniel G. Bausch1, 
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Control and Prevention, Atlanta, GA, United States

In the Amazon region, humans are exposed to sylvatic transmission 
by mosquitoes or small mammals, with arboviral diseases being most 
common illness transmitted in those areas. Arboviruses are classified 
according to antigenic relationships, and all cause febrile illness.  This 
study aimed to understand possible arbovirus exposures in populations 
comprised of residents from two rural villages around Iquitos, Peru 
(non-indigenous), as well as riverside indigenous communities in Datem 
del Marañon province in Loreto, Peru. In collaboration with CDC rabies 

branch, Epidemiology Directorate of the Peruvian Ministry of Health 
(MoH), the Virology and Emerging Infectious Department of the U.S. 
Naval Medical Research Unit No. 6 in Lima conducted surveillance activities 
in these areas to identify antibodies to known arboviral pathogens, 
including alphaviruses, flaviviruses, and bunyaviruses. Informed consent 
was obtained from all study participants. All 364 samples were tested for 
ELISA IgG arboviral antibodies including the following groups: flavivirus 
(dengue virus (DV)), ilheus virus (IV), Saint Louis Encephalitis virus (SLEV), 
West Nile Virus (WNV), yellow fever virus (YFV)); alphaviruses (Venezuelan 
Equine Encephalitis Virus (VEEV), Mayaro Virus (MAYV), UNA Virus, Eastern 
Equine Encephalitis Virus (EEEV)); arenaviruses (Allpahuayo Virus (ALLV), 
and Tacaribe Virus (TCRV)), and orthobunyaviruses (bunyavirus, caraparu 
virus, maguari virus, murutucu virus, oropouche virus), hantaviruses 
(Andes Virus (ANDV), and Rio Mamore Virus (RMV)). Samples were 
positive for alphavirus EEE = 2 (0.5%), UNA = 8 (2.2%). May = 6 (1.7%), 
and cross reactivity between VEE/MAY/WEE/UNA/EEE  = 21 (5.8%). For 
hantavirus RMV = 67 (18.4%), for Arenavirus TAC = 4 (1%), ALL = 4 
(1%), flaviviruses and bunyaviruses presented a high cross reactivity. 
We demonstrate the first evidence of UNA Virus circulating in humans, 
however, more tests are needed to confirm this serological result.
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SUSCEPTIBILITY OF POTENTIAL VERTEBRATE HOSTS TO 
HEARTLAND VIRUS INFECTION

Angela M. Bosco-Lauth1, Amanda E. Calvert2, Tom Gidlewski3, J. 
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Heartland virus (HRTV; Bunyaviridae, Phlebovirus) has emerged as a 
causative agent of thrombocytopenia/ leukopenia in humans. Preliminary 
serological assessment of vertebrate sera obtained from areas adjacent to 
two index human cases in northwestern Missouri identified HRTV antibody 
positivity in raccoons (42.6%), horses (17.4%) and deer (14.3%). In order 
to further assess potential amplification hosts and potentially to develop 
an animal model for tick transmission studies, experimental inoculation of 
mice, rabbits, hamsters, chickens, goats and raccoons were performed. 
Inoculated rabbits, hamsters and chickens (104 PFU of HRTV s.c.) failed to 
demonstrate viremia from 1 to 7 dpi or neutralizing antibodies at 28 dpi. 
All species were boosted at 28 dpi with 104 PFU of HRTV. No detectable 
HRTV neutralizing antibodies were detected in chickens through 42 
dpi after boost inoculation, but ELISA titers were evident (1:500-1500). 
PRNT80 10-20 titers were observed in boosted rabbits with ELISA 
titers up to 1:13,500. All boosted hamsters demonstrated neutralizing 
titers (1:10-80) and ELISA titers ranging from 1:13,500 to 1:≥ 45,000. 
Despite the high HRTV neutralizing antibody response identified in the 
field for raccoons, none of the six experimentally inoculated developed 
detectable viremias and only 2 had PRNT80 titers of 1:10, 20. Both goats 
experimentally inoculated with 104 PFU of HRTV failed to generate 
detectable viremias, but both generated low (1:20) neutralizing immune 
responses following the boost inoculation. All 3-week old C57BL/6 mice 
survived i.p. viral challenge with no demonstrable viremias and antibody 
responses were evident with up to 1:40 and 1:121,500 titers observed 
by PRNT and ELISA, respectively. In contrast, interferon receptor deficient 
AG129 mice demonstrated a dose-dependent mortality profile (LD50 
of 9 PFU) and viremias of up to 108 PFU/mL sera were observed. While 
PRNT titers from sera taken from surviving mice were low, ELISA titers 
were as high as 1:40,500. Inoculated AG129 mice demonstrated gross 
hemorrhagic lesions with enlarged spleens associated with marked 
presence of HRTV antigen identified by IHC.
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SURVEILLANCE FOR NOROVIRUS AND OTHER ENTERIC VIRAL 
AND BACTERIAL PATHOGENS AS ETIOLOGIES OF ACUTE 
GASTROENTERITIS AT U.S. MILITARY RECRUIT TRAINING 
CENTERS AND ABOARD ACTIVE U.S. NAVY SHIPS (2011-
2015)
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1Henry M. Jackson Foundation for the Advancement of Military Medicine/
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Acute gastroenteritis (AGE) is defined as the rapid onset of diarrhea with 
or without accompanying symptoms, such as nausea, vomiting, fever, or 
abdominal pain. An estimated 179 million cases of AGE occur each year 
in the United States. AGE is commonly reported within both training and 
deployed U.S. military populations; even outbreaks described as mild 
can have significant impacts on the health, readiness, and operational 
effectiveness of military personnel. Given the disruptive effect of AGE 
upon military training, readiness, and performance, it is crucial to establish 
a firm understanding of its causes among these “at-risk” populations so 
that we may better predict, prevent, and respond to future outbreaks. To 
this end, the Naval Health Research Center Enteric Disease Surveillance 
Program (EDSP) initiated clinic-based passive surveillance at five U.S. 
military training facilities for both sporadic and outbreak-associated AGE 
starting in April 2011. Recruits attending sick-call with the chief complaint 
of AGE/gastrointestinal (GI) symptoms were screened against the case 
definition, per protocol. Those meeting case definition who chose to 
volunteer signed an informed consent form, completed a case report 
form, and submitted a clinical stool specimen or rectal swab. Forms and 
specimens were transported to the EDSP laboratory, where standard 
culture-based and molecular assays were conducted to identify enteric 
pathogen etiology_the primary pathogen of interest being norovirus. From 
April 2011 through March 2015, a total of 1,391 cases were enrolled; 
median age was 19 years, 77% were male, and 64% were Caucasian. An 
enteric pathogen was identified in 450 cases, with norovirus accounting 
for 87%, followed by Salmonella spp. (6%). The overall norovirus-
attack rate was 28% across all field sites. Ultimately, data derived from 
the EDSP will facilitate the development of more targeted and effective 
AGE prevention and/or intervention policies and programs that will help 
mitigate the impact and burden of infectious AGE/GI disease, not only in 
U.S. military recruits and operational forces but in the general population 
as well.
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CHARACTERISTICS ASSOCIATED WITH RUBELLA INFECTION 
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Although the burden of rubella is unknown in sub-saharan Africa, there 
are approximately 110,000 congenital rubella cases occurring yearly 
worldwide. Rubella is vaccine preventable disease with the primary 
objective to prevent congenital rubella syndrome in infants. In the 
Democratic Republic of Congo (DRC), the rubella vaccine has not yet 
been introduced; therefore we assessed characteristics associated rubella 

infection among vaccine-naïve children 9-36 months of age in DRC. 
We used the Case-Based measles surveillance system with laboratory 
confirmation of disease to assess risk factors for rubella infection among 
children with suspected measles from January 1, 2010 to December 31, 
2012. Children testing negative for measles were subsequently tested 
for rubella IgM antibodies. Rubella is present throughout the country 
with variable prevalence rates. We used Maniema as the reference for 
comparing odds of disease acquisition in the other 10 provinces. All of 
the other provinces had a greater chance for observing a case, Kinshasa 
(9.97 times), Bas-Congo (7.75 times), South- Kivu (4.94 times), Bandundu 
(4.27 times), Kasai-occidental (3.64 times), North-Kivu (3.62 times), 
Oriental Province (3.59 times), Equateur (3.51 times), Katanga (2.91 times) 
and Kasai-Oriental (2.44 times). Given that little else is known about the 
prevalence of Rubella in the DRC, surveillance data suggest that the virus is 
circulating in all 11 provinces in children. However, we continue to have no 
information about the prevalence of CRS. If DRC is to introduce a rubella 
vaccine, routine immunization should be strengthened for children, and 
CRS surveillance should be introduced. A main concern when introducing 
the rubella vaccination in just children is the coverage may decrease virus 
circulation, thus sufficiently shifting both the average exposure to rubella 
and susceptibility from children to older age groups including women of 
childbearing age, and therefore may increase the prevalence of CRS.
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EPIDEMIOLOGIC AND MOLECULAR CHARACTERISTICS OF 
HEALTH CARE-ASSOCIATED RESPIRATORY SYNCYTIAL VIRUS 
INFECTIONS IN KENYA

Lilian M. Mayieka
Kenya Medical Research Institute, Nairobi, Kenya

Human respiratory syncytial virus (RSV) is a leading cause of lower 
respiratory tract infection in infants and young children, with highest 
burden in low-income countries. RSV is an important cause of nosocomial 
respiratory infections; however data on hospital-acquired RSV in Africa 
are limited. We sought to describe the epidemiologic and molecular 
characteristics of health care-associated RSV infections in 3 urban hospitals 
in Kenya (2 in Nairobi and 1 in Kisumu). From September 2009 to 
September 2012 we collected nasopharyngeal and oropharyngeal samples 
from patients with hospital-onset fever (≥ 38°C) after≥ 3 days admission), 
plus cough or sore throat. RSV testing and subgrouping (RSV A or B) were 
done using real time polymerase chain reaction (RT-PCR). Where subgroup 
was identified, sequencing and phylogenetic analysis of G glycoprotein 
was performed. Among 41 RSV-positive cases, the median age was 11.4 
months [IQR 7.2-24] and 63% were male. Thirty seven (90%) out of the 
total (41) had fever onset > 6 days after admission. Eight cases (19%) 
died. Among 16 (39%) samples successfully sequenced, 9 (56%) were 
RSV A and 7 (44%) were RSV B. RSV A strains diversified into two main 
clades, AN1 and ON1, with 8 isolates belonging to the NA1 genotype and 
1 isolate belonging to ON1. All the sequences in group B belonged to the 
BA1 genotype. We observed 3 RSV A and 2 RSV B cases clustered by time 
(same admission date), places (same ward) and molecular characteristics 
suggesting possible case-to-case transmission. Others had same date 
of onset but were of different genotypes suggesting different sources 
of infection. Our data suggest that nosocomial transmission of RSV is 
occurring among urban hospitals in Kenya, posing a threat to hospitalized 
children. Further research is needed to identify sources of infection, which 
may include health care workers, visitors and other patients. Strengthening 
infection control measures could prevent nosocomial spread of RSV.
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The current outbreak of Ebola has killed over 10,000 people in Guinea, 
Sierra Leone and Liberia. Early identification and isolation of the infected 
Ebola cases are the most important control measures. Detection of the 
Ebola virus by using the rapid antigen lateral flow tests is an easy to be 
applied at the point-of-care. Nevertheless, the results must be confirmed 
by additional laboratory tests. Laboratory diagnosis mainly depends on 
Ebola RNA detection by reverse transcription real-time polymerase chain 
reaction (RT-PCR), which is available in central laboratories and has a 
turnaround time of more than three hours. For decentralized low resource 
settings, there is a need for a simple molecular point-of-need test. In this 
study, a mobile suitcase laboratory (62x49x30 cm) containing all reagents 
and equipment for the detection of Ebola RNA was developed. Moreover, 
it was operated by a solar power battery. All reagents were cold-chain 
independent in order to ease the use at poor resource settings. RNA 
extraction was performed by a magnetic bead based method, in which 
a simple fast lysis protocol was applied. In one reaction tube, the reverse 
transcription step as well as the DNA amplification and detection by the 
recombinase polymerase amplification (RPA) assay was achieved. Using 
spiked plasma samples, down to 15 Ebola RNA copies were detected 
in less than 30 minutes, while samples containing Crimean-Congo-
Hemorrhagic-Fever, Yellow Fever, Lassa, Marburg, Rift Valley Fever, 
Dengue, Chikungunya and Zika viruses and Plasmodium falciparum 
were negative. In conclusion, the mobile suitcase laboratory is ideal for 
rapid sensitive and specific detection of Ebola virus especially at low 
resource settings. Currently, two mobile suitcase laboratories are being 
used in Guinea.
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CONTACT PATTERNS DRIVING EBOLA TRANSMISSION IN 
WEST AFRICA

Harriet Mills1, World Health Organisation Ebola Response Team2
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Over 22,000 confirmed, probable and suspected cases of Ebola have been 
reported in West Africa as of early 2015. Cases are asked if they have 
had exposure to sick individuals (reported contacts) in a funeral or non-
funeral context prior to becoming ill. Exposures are reported by nearly 
a third of cases, here we analyse these data. The proportion of cases 
reporting a funeral exposure has decreased over time in some districts. 
We found a strong positive correlation between this proportion in a 
district for a given month and the within-district transmission intensity, 
quantified by the estimated reproduction number. We also found a 
strong positive correlation between within-district transmission intensity 
and the district’s proportion of hospitalised cases admitted within <=3 
days of onset of symptoms. There was no correlation between these 
two proportions, suggesting that both reduced funeral attendances 
and faster hospitalisation have independently influenced the intensity 
of local transmission. We were able to identify 16% of named contacts 
in the line-list of case report data collated by WHO. Linking cases to the 
contacts who potentially infected them provided partial information 
on the Ebola transmission network, which revealed a high to extreme 
degree of super-spreading. Multivariable regression models allowed us 
to identify predictors of being named as a non-funeral contact: severe 

symptoms, death, non-hospitalisation and older age; or a funeral contact: 
non-hospitalisation, older age and travelling prior to onset. Non-funeral 
exposures are strongly peaked around the death of the contact, with 
a high proportion of exposures occurring after hospitalisation. We 
found that non Ebola Treatment Units (ETUs) have been worse than 
ETUs at preventing exposure from hospitalised and deceased. Achieving 
elimination will require sustained safe funerals and fast hospitalisation. 
Continued real-time data capture, reporting and analysis is vital to track 
transmission patterns, inform resource deployment, and thus hasten 
elimination of the virus from the human population.
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A major objective of disease surveillance systems is to provide critical 
information on burden of disease that will inform prevention and control 
policy and focus of public health efforts. In limited resource settings, such 
as the Democratic Republic of Congo (DRC), reported diseases might only 
represent a fraction of the total cases. We present a novel computational 
method using a scenario tree to model gaps in DRC’s disease reporting 
system, using monkeypox (MPX) as an example. Case counts of MPX 
reported from January 1st, 2013 to December 31st, 2013 to the Direction 
of Disease Control in the Ministry of Health (MoH) were used. Parameters 
of health care utilization and disease reporting at all levels (from when 
a person becomes ill to when the information is received at the national 
level) were identified and quantified using health utilization surveys, 
personal interviews and expert opinion. In 2013, a total of 2,460 cases 
of suspected human MPX virus were reported to the Integrated Disease 
Surveillance and Response (IDSR) unit, in the simulated model, the actual 
number of cases could be 5.0 to 15.2 (mean 9.4) times higher than what 
was observed in the IDSR at the national level. According to our estimates 
the true number of suspected cases would have ranged from 12,380 to 
37,600 (average=23,280) suggesting a far more severe picture of human 
MPX in DRC than currently thought. Our model found that most of the 
cases are lost during the health care ascertainment phase, in that 60% 
of the total cases may not seek any treatment. Additionally, many cases 
may be missed if they visited a private facility or were unable to pay for 
services at their public facility, and further cases were lost once reported 
to the health zone as there are no sanctions if weekly reports are not sent 
in. Improved involvement of community workers for disease surveillance, 
integration of private facilities into the reporting system, and identifying 
health zones which consistently do not send in reports could lead to a 
major increase in the numbers of cases reported to the national level and 
an improvement in surveillance accuracy.
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FIGHTING AGAINST ANTIMALARIAL RESISTANCE IN EARLY 
DRUG DISCOVERY

Laura M. Sanz, Maria Linares, Benigno Crespo, Virginia Franco, 
Maria G. Gomez, Francisco J. Gamo
GlaxoSmithKline, Tres Cantos, Madrid, Spain

Current antimalarial therapy is built upon only a few  differentiated 
chemotypes and clinical resistance is emerging continuously  threatening 



243

astmh.org

the efficacy of antimalarial treatments. Antimalarial mode of  action is 
intimately linked to the appearance of resistance in the field. Historically  
those antimalarials that inhibit defined molecular targets (e.g. antifolates 
or  mitochondrial Cytb inhibitors) have selected for resistance much 
more rapidly  than those drugs exhibiting complex modes of actions (e.g. 
endoperoxides or chloroquine).Recent studies have demonstrated that 
antimalarials with  complex mode of actions display a fast killing profile 
when parasite viability  is monitored after drug treatment. However 
compounds like atovaquone,  pyrimethamine or DHODH inhibitors display 
a much slower rate of killing surely  because they are affecting single 
targets inside of the parasite. As rate of  killing profile is linked to the 
specific antimalarial mode of action it could  be a relevant parameter to 
anticipate propensity to develop resistance by  emerging antimalarials.
Although robust technologies to determine killing  rates exist in the field 
we have develop a novel medium-throughput assay that  allows robust 
identification of fast acting compounds. This assay has been used  to 
study a set of ca. 50 compounds that are being used as tool compounds 
to  select for in vitro resistance in a target identification consortium 
supported  by Bill & Melinda Gates Foundation. Preliminary results point 
out a much  higher success for resistant selection with compounds 
displaying a slow or  moderate killing rates vs those with a fast mode of 
action. These results  suggest that antimalarial speed of action could be 
used as surrogate of the  propensity to select for resistance.

801
EVALUATING THE PREVALENCE OF DRUG RESISTANCE IN 
INTERMITTENT PREVENTIVE TREATMENT FOR MALARIA 
DURING PREGNANCY

Chinedu Onyedikachukwu Oraka1, Jane O. Onyemaechi2
1Build Africa Research Capacity, Nnamdi Azikiwe University Teaching 
Hospital, Nnewi, Anambra, Nigeria, 2Build Africa Research Capacity, 
I.M. Sechenov First Moscow State Medical University, Moscow, Russian 
Federation

Due to the poor patient compliance with prophylaxis and increasing 
resistance of parasite strains to chloroquine, administration of intermittent 
preventive treatment in pregnancy (IPTp) with sulfadoxine/pyrimethamine 
is now recommended for all pregnant women living in areas with stable 
malaria transmission. However, resistance to sulfadoxine/pyrimethamine 
is on the increase which risks the drug being compromised. Thus, an 
urgent need exists to assess alternative drug regimens for IPTp.  Numerous 
molecular epidemiologic studies showed that resistance to pyrimethamine 
is associated with the acquisition of mutations in Plasmodium spp. 
dihydrofolate reductase (dhfr) genes while resistance to sulfadoxine is 
associated with 3 mutations in dihydropteroate synthase (dhps gene). Each 
mutation leads to a decrease in sensitivity to pyrimethamine (dhfr gene) 
and sulfadoxine (dhps gene).  On a systematic review, results indicated that 
2 doses of IPTp with sulfadoxine/pyrimethamine retained activity to reduce 
placental malaria and low birthweight amongst pregnant that visited 
the clinic. About >72% of the pregnant women that visited the clinic 
benefited with 2 doses of IPTp in the proportional reduction of peripheral 
parasitaemia at delivery compared with that at enrolment while the rate 
of resistance was at <30%; and the proportion of placental infection was 
reduced by 75% compared with the efficacy of chloroquine prophylaxis 
administered the previous year.  An alternative approach involves 
systematic detection of placental infection at delivery by using blood 
smear, rapid diagnostic test, or PCR with placental blood. Conversely, 
placental infection prevalence may change with time because of changes 
in sulfadoxine/pyrimethamine efficacy (likely to decrease) and quality of 
IPTp implementation (likely to increase). Such an approach would also 
provide baseline data to assess efficacy of all preventive measures against 
pregnancy-associated malaria, including IPTp and use of insecticide-
impregnated bed nets, and will enable assessment of these effects in a 
specific population.

802
INVESTIGATING CANDIDATE MOLECULAR MARKERS OF 
PIPERAQUINE RESISTANCE IN A NORTHERN CAMBODIAN 
COHORT WITH A HIGH RATE OF DIHYDROARTEMISININ-
PIPERAQUINE TREATMENT FAILURE

Jonathan B. Parr1, Sujata Balasubramanian1, Suwanna 
Chaorattanakawee2, Panita Gosi2, Charlotte A. Lanteri2, Eric 
Barnett1, Michele Spring2, Char Meng Chuor3, Chanthap Lon2, 
Jonathan J. Juliano1, David L. Saunders2, Jessica T. Lin1

1University of North Carolina, Chapel Hill, NC, United States, 2Armed 
Forces Research Institute of Medical Sciences, Bangkok, Thailand, 
3National Center for Parasitology, Entomology and Malaria Control, Phnom 
Penh, Cambodia

Dihydroartemsinin-piperaquine (DP), one of the last remaining effective 
drugs for multidrug-resistant Plasmodium falciparum, has been the 
first-line artemisinin combination therapy (ACT) in Cambodia since 2012. 
However, alarming rates of DP failure accompanied by a rise in piperaquine 
IC50s have already been reported. We are investigating whether DP failures 
in the region are associated with sequence or copy number variation in 
candidate molecular markers of piperaquine resistance, including pfmdr1, 
pfcrt, pfmrp2, and the X5r domain. 107 isolates from a DP trial with a 
42-day PCR-corrected recrudescence rate of 54% are being analyzed. 
Preliminary analysis shows near fixation of the 184F mutant (98%) and 
wild type alleles only at codon 86 in pfmdr1. Increased pfmdr1 copy 
number (CN) is present in 15% of isolates and appears to be associated 
with greater in vitro susceptibility to piperaquine, though the association 
did not reach significance (median PPQ IC50 21.8nM vs. 30.7nM in 
samples with CN>1 and CN≤1, respectively, p=0.09). None of the nine 
patients with pfmdr1 CN>2 developed recrudescence. A duplication at 
the X5r locus on chromosome 5 has been observed in drug-pressured 
parasites that acquired piperaquine resistance. Using digital droplet PCR, 
we found no increase in CN at four genes within the X5r domain. Analysis 
of codon 350 of pfcrt and a microindel in pfmrp2 is ongoing. A clinically 
validated molecular marker of piperaquine resistance is urgently needed 
to determine the role of the partner drug in DP failures. Genome-wide 
association studies may be necessary to inform molecular surveillance 
worldwide.

803
THE PROTECTIVE EFFICACY OF SEASONAL MALARIA 
CHEMOPREVENTION IN AN AREA OF EXTENDED SEASONAL 
TRANSMISSION IN THE ASHANTI REGION OF GHANA: AN 
INDIVIDUALLY RANDOMIZED TRIAL

Harry Tagbor1, Gifty Antwi1, Princess R. Acheampong1, Daniel 
Chandramohan2, Matthew Cairns2

1Kwame Nkrumah University of Science and Technology, Kumasi, Ghana, 
2London School of Hygiene & Tropical Medicine, London, United Kingdom

Seasonal malaria chemoprevention (SMC) is recommended by the World 
Health Organisation for the control of malaria in young children in areas 
of highly seasonal transmission in the Sahel and sub-Sahel. However, 
there is a large burden of malaria in areas with a longer transmission 
season that could potentially benefit from SMC with modified delivery 
schedules. We undertook an individually randomised, placebo-controlled 
trial of seasonal malaria chemoprevention in the Ashanti Region of Ghana, 
where the malaria transmission season peaks over a period of five to six 
months. Children under five years of age received SMC or placebo on five 
occasions during the rainy season. SMC was delivered from a central point 
in each community for the first three rounds, and from a central point 
in combination with community health workers for the last two rounds. 
Community health workers managed cases of malaria with artemisinin-
based combination therapies, using rapid diagnostic tests to confirm 
infection prior to treatment. Relative to the placebo group, children who 
received SMC were less likely to carry malaria parasites after the rainy 
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season (19.9% vs. 12.4%, prevalence ratio 0.62 (95% CI: 0.49, 0.80); 
p<0.001). However, the distribution of haemoglobin and prevalence 
of anaemia was very similar between the two groups. During the rainy 
season, the incidence of malaria was reduced by around 40% in children 
in the SMC group, and by around 60% in children who received all five 
rounds of SMC. However, there was still an important burden of malaria 
before and after the period when SMC was administered. Our results 
suggest that SMC may be a valuable malaria control tool for areas with 
a longer transmission season, but further optimisation of SMC schedules 
may be needed to maximise impact. Achieving high coverage is crucial 
to the success of SMC programmes, and it appears that delivery through 
community health workers will be better able to achieve this aim.

804
CONFIRMED PLASMODIUM VIVAX RESISTANCE TO 
CHLOROQUINE IN CENTRAL VIETNAM

Pham Vinh Thanh1, Nguyen Van hong1, Nguyen Van Van2, Melva 
Louisa3, Kevin Baird4, Ta Thi Tinh1, Nguyen Xuan Xa1, Koen Peeters 
Grietens5, Le Xuan Hung1, Tran Thanh Duong1, Anna Rosanas-
Urgell5, Niko Speybroeck6, Umberto D’Alessandro7, Annette 
Erhart5

1NIMPE, Hanoi, Vietnam, 2Provincial Malaria Station, Tam Ky, Vietnam, 
3University of Indonesia, Jakarta, Indonesia, 4Eijkman Oxford Clinical 
Research Unit, Jakarta, Indonesia, 5ITM, Antwerp, Belgium, 6University 
Catholic of Louvain, Brussels, Belgium, 7Medical Research Council, Fajara, 
Gambia

Plasmodium vivax resistance to chloroquine (PvCQR) is currently reported 
in almost all vivax endemic countries. In Vietnam, little evidence has been 
published so far on P. vivax susceptibility to CQ, and only one study in 
the early 2000s reported PvCQR in the Southern central region. Despite 
the paucity of published data, the national malaria control program is 
closely monitoring antimalarial drug resistance since 1995, and all 28-day 
in vivo studies carried out since 2003 on PvCQR in several sentinel sites 
reported late parasitological failures between 0-5.7%.  Between May 2009 
and December 2011, a 2-year cohort study was conducted in Central 
Vietnam to assess the recommended radical cure regimen based on a 10-
day course Primaquine (0.5mg/kg/day) together with 3 days CQ (25mg/
kg). We hereby report the results of the first 28-day follow-up estimating 
the cumulative risk of P.vivax recurrences together with the corresponding 
CQ blood concentrations among other endpoints.  Out of 260 recruited 
P.vivax patients, 240 completed treatment and were followed up to day 
28 according to the WHO guidelines. Eight patients (3.45%) had a P. 
vivax recurrent infection, at day 14 (n=2), day 21 (n=1) and day 28 (n=5). 
Chloroquine blood concentrations, available in 3/8 recurrent infections 
(day 14,21,28) were above the minimal inhibitory concentration (>100ng/
ml whole blood) in all of them. Fever and parasitaemia (both sexual and 
asexual stages) were cleared by day 3. Anemia was common at day 0 
(35.8%) especially in children below 10 (50%) and hemoglobin (Hb) 
recovery at day 28 was significant among anemic patients (median change 
d28-d0 =+1.7g/dl; IQR[+0.7; +3.2]).  This report confirms for the first time 
P. vivax CQ resistance in Central Vietnam, and calls for further studies 
using standardized protocols for accurately monitoring the extend and 
evolution of PvCQR in Vietnam. These results, together with the mounting 
evidence of artemisinin resistance in Central Vietnam, further highlight the 
increasing threat of antimalarial drug resistance on malaria elimination in 
Vietnam.

805
DIHYDROARTEMISININ-PIPERAQUINE VS ARTESUNATE-
AMODIAQUINE TREATMENT OF UNCOMPLICATED 
PLASMODIUM FALCIPARUM MALARIA IN GHANAIAN 
PREGNANT WOMEN: A NON-INFERIORITY, SAFETY AND 
EFFICACY TRIAL

Joseph Osarfo1, Pascal Magnussen2, Michael Alifrangis2, Harry 
Kwami Tagbor1

1School of Public Health, Kwame Nkrumah University of Science and 
Technology, Kumasi, Ghana, 2Center for Medical Parasitology, University of 
Copenhagen, Copenhagen, Denmark

Dihydroartemisinin-piperaquine (DHA-PPQ) has potential for use as 
treatment for uncomplicated falciparum malaria in pregnancy. However, 
there is a paucity of safety data on the use of this drug combination in 
pregnancy and only two studies have reported its use in pregnancy so far. 
We assessed the safety and efficacy of DHA-PPQ in 417 second and third 
trimester pregnant women with uncomplicated malaria and compared 
these outcomes to those seen with artesunate -amodiaquine (ASAQ) 
in a non-inferiority trial using a margin of 5%. Pregnant women who 
tested positive for Plasmodium falciparum infection using both a rapid 
diagnostic test and microscopy were recruited, individually randomized to 
DHA-PPQ or ASAQ, and followed up actively on days 1, 2, 3, 7, 14, 28 and 
42, at delivery and 6 weeks post-partum. During this period, assessment of 
adverse events, sampling of blood for haematological and parasitological 
assessments and data collection on neonatal morbidity and mortality were 
performed. Uncorrected parasitological efficacy by day 42 for DHA-PPQ 
was 89.0% (95%CI: 83.6, 93.0) and for ASAQ it was 86.5% (95%CI: 
80.6, 91.2) in the per protocol population and 87.4% (95%CI: 81.9, 91.8) 
and 86.7% (95%CI: 80.8, 91.3) respectively in the modified intention-to-
treat analysis. DHA-PPQ was non-inferior to ASAQ at both days 28 and 42 
in both sets of analyses. There was no evidence of hepatic/ renal toxicity 
or white blood cell dyscrasia in either study arm. DHA-PPQ was better 
tolerated than ASAQ; vomiting (19.5% vs 29.4%; p=0.02), dizziness 
(14.5% vs 26.6%; p=0.003) and anorexia (12.0% vs 22.3%; p=0.007). No 
harms were associated with DHA-PPQ in the second and third trimesters 
and though the PCR-corrected estimates were not reported, the study is 
expected to contribute significantly to the evidence that will guide a policy 
decision on the use of DHA-PPQ use in pregnancy.

806
UNDERSTANDING THE HISTORICAL SPREAD OF MOLECULAR 
MARKERS OF SULPHADOXINE-PYRIMETHAMINE RESISTANCE 
IN AFRICA

Lucy Okell
Imperial College London, London, United Kingdom

The dispersal of Plasmodium falciparum strains resistant to 
sulphadoxine-pyrimethamine (SP) occurred at a time when molecular 
analysis techniques were sufficiently developed to map the spread of 
molecular markers of resistance for the first time. Understanding what 
influenced SP resistance in the past could help inform predictions on 
the possible spread of resistance to artemisinin and its partner drugs, 
and lead to better resistance containment strategies. We are developing 
a mathematical transmission model of the temporal spread of drug 
resistance to SP, incorporating rates of SP treatment, transmission intensity, 
asymptomatic infections, multiple clone infections, human immunity, and 
fitness costs of resistance. We fitted our model using Bayesian Markov 
Chain Monte Carlo methods to 274 prevalence data points of the 
dhps540E mutation in 35 locations in Africa which had multiple measures 
over time. We incorporated local data from 93 household surveys on use 
of SP and data on transmission intensity from the Malaria Atlas Project. 
The rate of increase in dhps540E frequency varied considerably between 
locations. SP intake was very high in some areas; we estimate that the 
number of SP treatments in under fives was more than 5-fold higher than 
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the number of clinical malaria episodes in parts of East Africa during the 
2000’s. There were no clear univariate statistical associations between 
the rate of increase in dhps540E frequency and SP use or transmission 
intensity. However, initial modelling results are able to reproduce the 
dhps540E prevalence patterns in most sites by taking into account 
multiple factors simultaneously, including SP use, transmission intensity, 
an estimated time of introduction of the mutation and pre-existing 
partial resistance to SP due to other mutations in dhfr and dhps. In a 
few locations, the reported SP use was too low to support the observed 
dhps540E prevalence, indicating there are further factors not currently 
captured by the model or the data, possibly including use of other sulpha 
drugs. Validating a mathematical model against historical data helps 
increase its applicability to modelling drug resistance in the field.

807
LACK OF ARTEMISININ RESISTANCE IN PLASMODIUM 
FALCIPARUM IN UGANDA BASED ON PARASITOLOGICAL 
AND MOLECULAR ASSAYS

Roland A. Cooper1, Melissa D. Conrad2, Quentin D. Watson3, 
Stephanie J. Huezo1, Harriet Ninsiima4, Patrick Tumwebaze4, 
Samuel L. Nsobya4, Philip J. Rosenthal2
1Dominican University of California, San Rafael, CA, United States, 
2University of California, San Francisco, CA, United States, 3University 
of California, Berkeley, CA, United States, 4Infectious Diseases Research 
Collaboration, Kampala, Uganda

Artemisinin-based combination therapies (ACTs) are standard treatment 
for falciparum malaria. The efficacies of these regimens are threatened 
by resistance to the artemisinin component, exemplified by delayed 
clearance of parasitemia after therapy, in southeast Asia. The resistance 
phenotype has recently been associated with two parasite features. First, 
in freshly cultured isolates, resistant parasites demonstrated increased 
parasitemias, compared to those in sensitive parasites, 66 h after a 6 h 
pulse with dihydroartemisinin (DHA). Second, polymorphisms in propeller 
domains of the recently described Plasmodium falciparum kelch 
(K13; PF3D7_1343700) gene were associated with resistance. However, 
delayed parasite clearance after therapy with ACTs has not been clearly 
documented in Africa. To better characterize resistance markers in Africa, 
we studied ex vivo susceptibility to DHA and examined K13 propeller 
polymorphisms in P. falciparum isolates collected in Kampala, Uganda 
from May-July, 2014. By standard in vitro assays all studied isolates were 
highly sensitive to DHA (IC50 0.4-2.7 nM). Sensitivities to chloroquine 
varied widely (IC50 9.8-1060 nM), with sensitivities consistent with 
genotypes at the pfcrt K76T allele. Using the ring-stage survival assay, 
after a 6 h, 700 nM DHA pulse, parasitemia was undetectable in 40/43 
cultures at 72 h; most cultures followed beyond 72 h demonstrated 
parasites after 2-4 weeks. Two of 53 isolates had non-synonymous 
K13 propeller polymorphisms, but not the mutations associated with 
artemisinin resistance in Asia. In summary, consistent with clinical trial 
results from Africa, we did not observe parasitological or molecular 
evidence of artemisinin resistance in recent P. falciparum isolates from 
Uganda.

808
SURVEILLANCE OF TRAVELERS: PREVALENCE OF 
ANTIMALARIAL DRUG RESISTANCE MARKERS AMONG 
IMPORTED PLASMODIUM FALCIPARUM CASES DIAGNOSED 
IN THE UNITED STATES, 2013

Luciana M. Silva-Flannery1, Dragan Ljolje1, Karen A. Cullen1, 
Maniphet Xayavong2, Blaine A. Mathison1, Henry Bishop1, 
Alexandre J. DaSilva3, Paul Arguin1, John W. Barnwell1, 
Venkatachalam Udhayakumar1
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2Lifesource Biomedical, Anchorage, AK, United States, 3Food and Drug 
Administration, Center for Food Safety and Applied Nutrition, Laurel, MD, 
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CDC conducts surveillance to detect molecular markers associated with 
drug resistance among Plasmodium falciparum parasites imported into 
the US. These data may inform prevention and treatment guidelines for US 
travelers visiting malaria endemic countries. Blood samples from persons 
with malaria diagnosed in the US were submitted to CDC for molecular 
characterization. P. falciparum-positive samples were genotyped for 
genetic polymorphisms associated with resistance to chloroquine (pfcrt), 
sulfadoxine (pfdhps), pyrimethamine (pfdhfr), mefloquine (pfmdr1 and 
copy number), atovaquone (pfcyt b) and artemisinin (K13- propeller) 
using Sanger sequencing and real-time PCR methods. The genotype 
data were connected with epidemiologic data. In 2013, CDC received a 
total of 136 samples from 29 states for malaria reference diagnosis and 
genetic characterization of resistance markers. CDC corrected/determined 
the species for 87 (64%) samples. P. falciparum was identified in 101 
(74%) samples (including 2 mixed infections), P. vivax in 14 (10%), 
P. ovale in 14 (10%), and P. malariae in 6 (4%). Travel history was 
reported for 106 cases (78%); 96 (71%) traveled to Africa. Only 22 cases 
had reported some malaria chemoprophylaxis use. From 57 cases with 
information on treatment, 23 (40%) received atovaquone/proguanil, 20 
(35%) doxycycline, and 5 (9%) chloroquine, including other combination 
therapies. Among the P. falciparum-positive cases, 89 (88%) had genetic 
polymorphisms associated with resistance to pyrimethamine, 74 (73%) to 
sulfadoxine and 53 (52%) to chloroquine. No pre-treatment samples had 
pfcyt b, K13-propeller mutations or multiple pfmdr1 copies associated 
with resistance to atovaquone, artemisinin and mefloquine, respectively. 
These findings highlight the problem of antimalarial drug resistance and 
the importance of active surveillance for drug resistance among imported 
malaria cases in the US.

809
IMPACT OF DRUG RESISTANCE MEDIATING PLASMODIUM 
FALCIPARUM POLYMORPHISMS ON CLINICAL 
PRESENTATIONS OF PARASITEMIC CHILDREN IN UGANDA

Stephen Tukwasibwe1, Patrick Tumwebaze1, Melissa Conrad2, 
Samuel L. Nsobya1, Emmanuel Arinaitwe1, Moses R. Kamya1, 
Grant Dorsey2, Bryan Greenhouse2, Philip J. Rosenthal2
1Infectious Diseases Research Collaboration, Kampala, Uganda, 2University 
of California San Francisco, San Francisco, CA, United States

Plasmodium falciparum genetic polymorphisms that mediate altered 
sensitivity to antimalarials may impact upon parasite virulence. In a recent 
cross-sectional study of parasitemic Ugandan children, isolates with 
mutant sequences at pfcrt K76T, pfmdr1 N86Y, or pfmdr1 D1246Y 
had one-fourth the odds of association with symptomatic malaria 
compared to wild type (WT) parasites. However, these results may 
have been confounded by selection of WT parasites by recent use of 
artemether/lumefantrine for prior episodes of malaria. To further explore 
these associations, we evaluated polymorphisms in samples from paired 
episodes of asymptomatic and symptomatic parasitemia in 114 cohort 
subjects aged 4-11 years from Tororo District, with the two episodes 
occurring within 3-12 months, and no prior treatment for malaria within 



246

astmh.org

60 days. The N86Y mutant genotype was less commonly found with 
symptomatic (4/110, 3.6%) than asymptomatic (13/111, 11.7%; p = 
0.028, Fisher’s exact test) infection, compared to mixed or wild type 
genotypes; significant associations were not seen for the K76T or D1246Y 
alleles. Considering paired episodes in the same subject, thus controlling 
for host factors, the odds of symptomatic malaria were lower for mutant 
compared to WT or mixed sequence at N86Y (OR 0.23, 95% CI 0.04-0.84, 
p = 0.021, McNemar’s exact test), but not the other alleles. However, 
symptomatic episodes (which have higher densities) were more likely 
than asymptomatic to be mixed (for N86Y OR 2.0, 95% CI 1.04-4.0, p 
= 0.036), likely explaining the higher prevalence of WT/mixed infections 
in symptomatic children. Excluding mixed infections, prevalences of WT 
and mutant alleles did not differ between symptomatic and asymptomatic 
episodes. Thus, associations seen between WT/mixed pfmdr1 N86Y 
genotype and symptomatic disease were likely explained by confounding 
due to greater parasite densities in symptomatic children, arguing against 
an impact of pfmdr1 and pfcrt genotypes on clinical outcomes, and 
highlighting the value of cohort studies for best assessing associations 
between parasite factors and clinical outcomes.

810
RESPONSIVENESS OF UNCOMPLICATED PLASMODIUM 
FALCIPARUM INFECTIONS IN ANEMIC AND NON-
ANEMIC NIGERIAN CHILDREN TO ARTEMISININ-BASED 
COMBINATION TREATMENTS: EVIDENCE FOR HEMATOCRIT 
CONSERVATION IN ANEMIC CHILDREN

Kazeem Akano1, Godwin Ntadom2, Adejumoke Ayede1, 
Temitope Aderoyeje3, Akintunde Sowunmi3
1University of Ibadan, Ibadan, Nigeria, 2National Malaria Control 
Programme, Federal Ministry of Health, Abuja, Nigeria, 3University College 
Hospital, Ibadan, Nigeria

The efficacy, hematocrit conservation and anemia recovery times were 
evaluated in 909 non-anemic and 437 anemic malarious Nigerian 
children <15 years old during a 7-year period of adoption of artesunate-
amodiaquine and artemether-lumefantrine as first line treatments. Overall, 
fever and parasite clearance were significantly faster following treatment 
with AA (P = 0.002, P < 0.0001, respectively). Fever but not parasite 
clearance, and parasite reduction ratio 1 day after treatment began were 
significantly faster (P = 0.031) and higher (P < 0.001), respectively, in 
non-anemic compared to anemic children. Polymerase chain reaction-
corrected parasitological cure rate on day 28 was similar in non-anemic 
and anemic children (96.1% (95%CI 91.2 - 101.1) versus 97.5% (95%CI 
92.4 - 102.6)); P = 0.30) and were similar for both treatment groups. Fall 
in hematocrit/1000 asexual parasites cleared from peripheral blood were 
significantly lower in anemic compared to non-anemic children (P = 0.038) 
suggesting much hematocrit conservation in anemic children. Delayed 
anemia occurred in 2% of the children. Mean anemia recovery time 
was 15 days (95%CI 13.3 - 17.4) and it did not correlate with FIH/1000 
asexual parasites cleared from peripheral blood (r = 0.004, P = 0.61). 
Kinetics of the deficit in hematocrit from 30% was estimated by a non-
compartmental model. Declines in the deficit were monoexponential with 
a mean elimination half-time of 1.4 days (95% CI = 1.2-1.6). Anemia half-
time correlated significantly positively with anemia recovery time in the 
same patients (r = 0.69, P < 0.0001). Bland-Altman analysis of 10 multiples 
of anemia half-time and anemia recovery time showed narrow limit of 
agreement with insignificant biases (P = 0.07). Artesunate-amodiaquine 
and artemether-lumefantrine are efficacious treatments of uncomplicated 
falciparum infections in anemic and non-anemic children and they may 
conserve hematocrit and hasten recovery from malaria-associated anemia.

811
CROSS-SECTIONAL SURVEILLANCE FOR DRUG RESISTANCE-
MEDIATING PLASMODIUM FALCIPARUM POLYMORPHISMS 
IN UGANDA

Patrick Tumwebaze1, Stephen Tukwasibwe1, Melissa D. Conrad2, 
Grant Dorsey2, Emmanuel Arinaitwe1, Moses R. Kamya1, Samuel 
Nsobya1, Philip J. Rosenthal2
1Infectious Diseases Research Collaboration, Kampala, Uganda, 2University 
of California, San Francisco, CA, United States

Antimalarial drug resistance, mediated in part by known Plasmodium 
falciparum genetic polymorphisms, is of great concern in Uganda. Of 
interest is whether resistance determinants vary across the country and 
whether, with replacement of chloroquine/sulfadoxine-pyrimethamine 
(SP) by artemether/lumefantrine (AL) as the national treatment regimen, 
beginning in 2006, resistance determinants are changing. We analyzed 
samples from cross-sectional surveys in children 5-15 years of age in 3 
districts with wide variation in malaria transmission (Tororo, Jinja, and 
Kanungu) in 2012 and 2013. The prevalence of transporter polymorphisms 
was similar at the 3 sites, and the prevalence of WT alleles increased at 
each site. Overall, WT/mixed sequences increased between 2012 and 2013 
for pfcrt K76T (7.5% to 17.5%, p<0.0001), pfmdr1 N86Y (75.5% to 
89.1%, p<0.0001), and pfmdr1 D1246Y (80.9% to 91.7%, p<0.0001). 
WT prevalences were much greater than those measured at multiple sites 
in Uganda in prior years. The changes are all consistent with the selective 
pressure of increasing use of AL in the country. For antifolates, in the 
partial results now available the prevalence of 5 mutations (pfdhfr N51I, 
C59R, S108N; pfdhps A437G, K540E) that have been common since 
initial studies over a decade ago remained high. Only in Kanungu, two 
additional mutations that predict a greater level of resistance to SP, and 
which previously were rare in Uganda (mixed/mutant pfdhfr I164L 15%, 
pfdhps A581G 47%), were seen. Taken together, our results demonstrate 
significant changes in the prevalence of transporter polymorphisms 
with increasing use of AL to treat malaria, persistent prevalence of 
5 common antifolate mutations despite decreased use of SP to treat 
malaria, and the presence of additional antifolate mutations that predict 
high level resistance in Kanungu. Another cross-sectional survey is now 
underway, and results for 2015 will be compared with those from prior 
years. Considering changing use of antimalarials and recent evidence for 
changing relative drug efficacies in Uganda, continued surveillance for 
drug resistance markers is an important priority.

812
RISK OF CARDIOTOXICITY WITH REPEATED DOSING OF 
DIHYDROARTEMISININ-PIPERAQUINE FOR INTERMITTENT 
PREVENTIVE TREATMENT OF MALARIA IN UGANDAN 
SCHOOLCHILDREN

Samuel Gonahasa1, Catherine Maiteki Sebuguzi1, Afizi Kibuuka1, 
Steven Okello1, Florence Nankya1, Jaffer Okiring1, Eva Maria 
Hodel2, Francesca Aweeka3, Grant Dorsey3, Moses R. Kamya4, 
Sarah G. Staedke5
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5London School of Hygiene & Tropical Medicine, London, United Kingdom

Intermittent preventive treatment (IPT) for malaria in schoolchildren 
offers a promising option for malaria control. Although studies suggest 
that repeated dosing of dihydroartemisinin-piperaquine (DP) for IPT is 
safe and effective, questions about the potential risk for cardiotoxicity 
remain, particularly when DP is administered with food. We conducted a 
cardiac monitoring and pharmacokinetic (PK) study alongside a cluster-
randomized trial to evaluate monthly IPT of schoolchildren with DP in 
Jinja, Uganda. A sub-set of intervention participants was recruited using 
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convenience sampling. ECGs were performed at baseline (prior to DP), 
and on Day 1 (before DP), and Day 3 (4-5 hours after DP) for each IPT 
round. Information on food intake and recent medications was also 
collected. In reading ECGs, the duration of the QT interval was corrected 
using Fridericia’s formula. In the final IPT round, piperaquine levels were 
measured on Days 1 (trough) and 3 (peak), from whole capillary blood 
samples collected by fingerprick into heparinized microtubes. In 2014, 197 
children from 8 schools were screened, and 191 children were enrolled; 
6 were excluded due to an abnormal baseline ECG (n=5), or lack of 
consent (n=1). The mean age of participants was 9.95 years (range 5 to 
19 years), and 86 girls (45%) were included. A total of 1701 ECGs were 
performed. A QTcF interval of >450ms was detected in 31 (2%) ECGs, 
including 18 grade 1 (450-464ms), 8 grade 2 (465-479ms), and 5 grade 
3 (>480ms) abnormalities; all were asymptomatic. Of those children with 
a QTcF >464ms, 12 (92%) were male, with a mean weight of 34.4 kg; 6 
(46%) reported taking food within a 6-hour window around the DP dose, 
while 7 (54%) took DP while fasting. A total of 156 (82%) participants 
in the cardiac monitoring sub-study were enrolled into the PK study; 
blood samples were obtained from all participants, and analysis of the 
samples is ongoing. Full results, including the association between food 
intake, piperaquine drug levels, and QTcF prolongation, will be presented 
and their implications on the safety of DP for chemoprevention will be 
discussed.

813
CAROTENOID BIOSYNTHESIS INHIBITION IN THE ASEXUAL 
INTRAERYTHROCYTIC STAGES OF PLASMODIUM 
FALCIPARUM BY FLURIDON

Richard Nortey-Mensah
University of Ghana, Accra, Ghana

Malaria remains a major health concern despite extensive efforts spanning 
over a century to combat the disease. Plasmodium falciparum, like other 
Apicomplexans have retained a relict plastid known as the apicoplast and 
this organelle is only present in the parasite and not the human host. The 
isoprenoid biosynthetic pathway has been annotated to this organelle 
and the pathway results in the synthesis of isoprene units which can 
be channelled into carotenoid synthesis. This pathway could be a good 
target for the chemotherapeutic treatment of malaria. P. falciparum 
3D7 clone were cultured as described by Trager and Jensen. The parasites 
were initially synchronised at the ring stages by treatment with 5% 
D-sorbitol and maintained in culture until they developed into trophozoites 
or schizonts. The various stages were then treated with different 
concentrations of fluridon (0, 120 and 150µM) and incubated for different 
time intervals (0, 12, 24, 48 and 60hrs). Parasite population was monitored 
by microscopy after the incubation and IC50 determined. The fluridon 
treated cultures had a decrease in parasite population as compared to the 
control and this was observed in all the asexual stages. The decrease in 
population was more evident as incubation time increased. The effective 
fluridon concentration was observed to be at 150µM. There was also a 
significant (95% CI, p=0.023) delay in the parasite life cycle from the rings 
through to the schizonts stage. The fluridon seem to inhibit the carotenoid 
biosynthetic pathway in these stages which suggests that the pathway is 
essential for parasite survival. The reduction in parasite population was 
observed in all the asexual intraerythrocytic stages of the parasite. This 
suggests a stage-specific dependence on carotenoid synthesis and this 
is the first time it has been demonstrated. The effect of the drug was 
profound on the ring stages suggesting that they require carotenoids for 
their development. The carotenoid biosynthesis pathway is inhibited by 
fluridon in all the asexual intraerythrocytic stages of P. falciparum. This 
opens up new opportunities for developing chemotherapeutic agents for 
the treatment of malaria.

814
EVALUATION OF PLASMODIUM FALCIPARUM ARTEMISININ 
RESISTANCE IN WESTERN THAILAND AS PART OF A DOD 
MULTI-CENTER TRIAL

Krisada Jongsakul1, Michele Spring1, Ilin Chuang1, Sha Law2, 
Sabaithip Sriwichai1, Worachet Kuntawunginn1, Saowaluk 
Wongarunkochakorn1, Pattaraporn Vanachayangkul1, Alaina 
Halback3, James Cummings3, David Saunders1, Mark Fukuda3

1Armed Forces Research Institute of Medical and Sciences, Bangkok, 
Thailand, 2Kwai River Christian Hospital, Kanchanaburi, Thailand, 3Armed 
Forces Health Surveillance Center, Silver Spring, MD, United States

Artemisinin-resistant Plasmodium falciparum threatens the effectiveness 
of all artemisinin-based combination therapies. A multi-center artesunate-
mefloquine (A+M) efficacy trial is on-going in three US DoD laboratories 
in Peru, Kenya, and Thailand, to compare parasite clearance rates at 72 
hours after artesunate initiation. Participants receive 4 mg/kg artesunate 
at 0, 24, and 48 h, 15 mg/kg mefloquine at 72 h, and, at 84-96 h, 10 mg/
kg mefloquine plus 0.5 mg/kg primaquine for transmission blocking. To 
calculate parasite clearance half-life (PC1/2), parasite density is assessed 
by microscopy every 4h for the first 12h after first artesunate dose and 
eve-ry 6h for 72h or until two consecutive negative smears. Efficacy 
outcomes over 42 days are also assessed. Between Oct 31, 2013, and Jan 
7, 2015, we enrolled 45 of 59 planned patients in Sangkhlaburi district 
near the Thai-Myanmar border. We found that AS-MQ combination 
ther-apy as administered was still highly efficacious in this region, with 
100% adequate clinical and parasitological response (ACPR) at 42 days. 
However, the median PC1/2 of 4.9 hours is approaching that used to 
define artemisinin resistance (5 hours). Further, 15% of patients had 
PC1/2 >5 hours, and 20% remained parasitemic at 72 hours (Day 3), thus 
meeting the WHO definition for suspected artemisinin resistance. Evidence 
of resistance based on in vitro drug-sensitivity testing and molecular 
resistance markers is also being evaluated. While our data suggest that 
clinical effectiveness has yet to be compromised, ongoing surveillance in 
this area is needed.

815
A MULTI-STAGE PRECLINICAL CANDIDATE FOR THE 
POTENTIAL TREATMENT OF MALARIA

Neil R. Norcross1, Beatriz Baragaña1, Irene Hallyburton1, Raffaella 
Grimaldi1, Maria Osuna-Cabello1, Suzanne Norval1, David W. 
Gray1, Alan H. Fairlamb1, Paul Willis2, Kevin D. Read1, Ian H. 
Gilbert1

1Drug Discovery Unit, University of Dundee, United Kingdom, 2Medicines 
for Malaria Venture, Geneva, Switzerland

Malaria is a devastating parasitic disease causing widespread mortality and 
morbidity across many parts of the developing world. Many medicines for 
the treatment of malaria are failing due to the increasing development of 
resistance and new therapies for both treatment and prevention of this 
deadly disease across all of its life cycle stages are urgently needed. In the 
search for new antimalarials, a collaborative project between the University 
of Dundee and Medicines For Malaria Venture (MMV) was initiated with 
the high throughput phenotypic screening (HTS) of an in-house library of 
protein kinase scaffolds. Initial screening identified multiple structurally 
diverse chemical series that blocked asexual blood stage parasite viability 
and served as a catalyst for a new drug discovery programme. Using a 
focussed medicinal chemistry approach involving drug design, chemical 
synthesis, biological testing and rigorous compound profiling, we 
identified a highly efficacious compound with potent activity against 
multiple life cycle stages. Efforts reported herein reveal a small molecule 
inhibitor of Plasmodium falciparum malaria with good pharmacokinetic 
properties and excellent possibilities for chemoprotection, single dose 
blood stage treatment and transmission blocking.
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816
THE EFFECTIVENESS OF CHLOROQUINE AND PRIMAQUINE 
FOR THE TREATMENT OF VIVAX MALARIA; A STUDY IN A 
TERTIARY CARE HOSPITAL IN THAILAND

Hariharan Subramony, Noppadon Tangpukdee, Chaweewan 
Pengruksa, Nanthaporn Phophak, Chatnapa Duangdee, Thanee 
Raknam, Sorose Pengruksa, Polrat Wilairatana, Srivicha Krusood
Faculty of Tropical Medicine, Bangkok, Thailand

Malaria is an infectious disease that continues to be a major public 
health problem, and occurs throughout the tropical regions of the world. 
Chloroquine in combination with primaquine is the first-line treatment for 
Plasmodium vivax malaria in Thailand. In view of the declining efficacy of 
chloroquine in many P. vivax endemic areas, the possibility of emergence 
of chloroquine-resistant P. vivax in Thailand is a concern. The aim of 
this study was to assess the trends in therapeutic efficacy of chloroquine 
and primaquine for the treatment of uncomplicated P. vivax malaria. A 
retrospective review of medical records of patients admitted and treated 
for uncomplicated P. vivax malaria, during 2004 - 2013, was conducted 
at the Bangkok Hospital for Tropical Diseases (BHTD), Faculty of Tropical 
Medicine, Mahidol University, Thailand. A total of 335 uncomplicated P. 
vivax malaria patients were enrolled into the study, 362 patients achieved 
an adequate 28-day clinical and parasitological response (ACPR). 3 cases 
were classified as early treatment failure. The minimum-maximum of 
median parasite clearance time and median fever clearance time over 
the 10 year period was 46-59 hours and 14-28 hours respectively. There 
was no significant increasing trend of parasite clearance time over this 
time period. We concluded that treatment of P. vivax infection with a 
combination of chloroquine and primaquine has remained efficacious in 
Thailand. Increasing time-trends in parasite clearance times may be useful 
as an early warning mechanism for emergence of chloroquine-resistant P. 
vivax strains.

817
SULFADOXINE-PYRIMETHAMINE AVAILABILITY AND (MIS)
USE IN SUB-SAHARAN AFRICA: ANTIMALARIAL MARKET 
DATA FROM EIGHT COUNTRIES

Megan Littrell, The ACTwatch Group
Population Services International, Washington, DC, United States

As evidence of reduced chloroquine efficacy against Plasmodium 
falciparum mounted in the 1990’s, sulfadoxine-pyrimethamine (SP) 
became first-line malaria treatment in many endemic countries in sub-
Saharan Africa (SSA). Between 2002-2005, countries in SSA adopted 
artemesinin combination therapies (ACT) as first-line treatments. SP is 
still recommended by the WHO and used across SSA for intermittent 
preventive treatment of malaria during pregnancy (IPTp). As such, 
availability and use of SP should currently be limited to distribution for 
IPTp at antenatal care (ANC) clinics. However, multi-country data collected 
by ACTwatch show widespread availability and use of SP outside of 
health facilities. Multiple malaria medicine outlet surveys were conducted 
between 2009-2014 in Benin, the DRC, Kenya, Madagascar, Nigeria, 
Tanzania, Uganda and Zambia. A census of outlets with potential to 
distribute antimalarials was conducted among a representative sample 
of administrative units. A drug audit documented product information, 
reported retail price and amount distributed to consumers in the 
past week for all antimalarials in stock. Across project countries, the 
vast majority of antimalarial-stocking private sector outlets including 
pharmacies, drug shops, and retailers were stocking SP. Conversely, SP 
availability was typically lower among public health facilities as compared 
with these private sector outlets. In some contexts, SP availability among 
public health facilities declined in recent years. SP is commonly distributed 
to patients by private sector outlets and accounts for one-quarter to 
one-half of antimalarials distributed. In some cases, SP market share has 
actually increased in recent years including in Madagascar, where SP 

distribution increased with the decrease in distribution of chloroquine. 
We examine trends over time and across 8 project countries regarding 
where SP is found, the origins of available SP (manufacturer and country 
of manufacture), and private sector price of SP compared with first-line 
ACT treatment. Implications for policies and strategies to ensure SP use is 
restricted to IPTp delivery will be discussed.

818
PARASITE CLEARANCE AND EFFICACY OF ARTEMISININ-
BASED COMBINATION FOR THE TREATMENT OF 
UNCOMPLICATED PLASMODIUM FALCIPARUM MALARIA IN 
BOBO-DIOULASSO, BURKINA FASO

Frederic W. Nikiema, Fabrice A. Some, Issaka Zongo, Daniel Y. 
Compaore, Noel Rouamba, Jean-Bosco Ouedraogo
Institut de Recherche en Science de la Sante/Bobo Dioulasso, Bobo 
Dioulasso, Burkina Faso

Artemisinin-based combination treatments (ACTs) main feature is their 
ability to accelerate the clearance of Plasmodium ring stage infected 
erythrocytes. Recent emergence of Artemisinin-resistance in Cambodia 
may represent a major threat to the global effort to malaria control and 
elimination. Artemisinin-resistance polymorphisms have been associated 
with delayed parasite clearance following artemisinin combination 
therapy. We investigated the association between parasite clearance 
and ACTs efficacies in 200 uncomplicated malaria patients randomized. 
We sampled per-protocol 42 days follow-up data from patients of a 
Phase IIIb/IV clinical trial to assess the safety and efficacy of repeated 
administration of pyronaridine-artesunate, artemether-lumefantrine and 
dihydroartemisinin-piperaquine in patients with acute uncomplicated 
Plasmodium falciparum Malaria conducted in Bobo-Dioulasso. 
Parasitaemia at Hour 0, 12, 24, 36, 48, 60 and 72 counts were shared on 
WWARN Parasite Clearance Estimator online tool according to WWARN 
terms of use to generate parasite clearance half-life. Therapeutic efficacy 
has been evaluated according to the presence or not of asexual forms of 
malaria parasites on a blood smear during follow-up. The geometric mean 
of parasite clearance half-life is significantly lower in recovered patients 
group, 2.68 h (95% CI 2.28-3.08) versus 2.90 h (95% CI 2.45-3.35), 
p-value=0.035. Overall, in parasitological treatment failure group, there 
was a significant correlation between the failure day and the parasite 
clearance; the slope half-life decreases significantly with the timeout 
of treatment failure. Very Late treatment failure would be more due to 
recrudescent than new infections. Parasite clearance is a good tool for the 
evaluation of artemisinin-based combination efficacy for the treatment of 
uncomplicated P. falciparum malaria. The raising of the parasite clearance 
half-life, calculated with the three-day parasitemies after treatment, can 
determinate parasitological treatment failure during follow-up.

819
SYSTEMATIC SAMPLING APPROACH REVEALS FEWER 
FALSIFIED FIRST LINE ANTIMALARIALS THAN PREVIOUSLY 
REPORTED

Harparkash Kaur1, Michael D. Green2, Facundo M. Fernández3, 
ACT consortium - Drug Quality Team1

1London School of Hygiene & Tropical Medicine, London, United Kingdom, 
2Centers for Disease Control and Prevention, Atlanta, GA, United States, 
3Georgia Institute of Technology, School of Chemistry and Biochemistry, 
Atlanta, GA, United States

Malaria is a curable disease provided patients have timely access to 
efficacious drugs, namely artemisinin based-combination therapies (ACTs), 
recommended as first line treatment by the World Health Organisation 
(WHO). The threat posed by falsified and substandard drugs is drawing 
increasing international attention, heightened by reports indicating that 
up to 35% (796 of 2,296) of antimalarial drugs purchased following 
the convenience approach from 21 Sub-Saharan African countries failed 
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content analysis.  To investigate the threat we purchased over 10,000 ACTs 
using three sampling approaches (convenience, mystery client and overt) 
and updated sampling frames, to provide comprehensive surveillance of 
ACTs available in a given geographical region. The ACTs were collected 
in 6 countries - Cambodia, Ghana (Kintampo), Equatorial Guinea (Bioko 
Island), Nigeria (Enugu metropolis and Ilorin city), Rwanda and Tanzania 
(nationwide). Content analyses using mass spectrometry (qualitative) and 
high performance liquid chromatography with photo-diode array detection 
(quantitative) were used to measure the amount of active pharmaceutical 
ingredients (APIs) in 3 independent laboratories. Results were expressed 
as percentage of APIs stated on the packaging and used to categorise 
each sample as quality assured, substandard, degraded, or falsified.  Our 
findings were reassuring in that out of the 10,092 samples (142 brands) 
we only found falsified formulations that did not contain the stated APIs 
in 2 countries: Nigeria (both Enugu state [1%] and Ilorin city [0.8%]) and 
Equatorial Guinea (Bioko Island [7.3%]). In contrast, although substandard 
drugs were found in all 6 countries, this did not exceed 7% of the samples 
analysed from Africa. The results were disseminated to the country-specific 
Ministry of Health, as well as the stated manufacturers and WHO.  Data 
will be presented to illustrate that a representative sampling approach is 
essential, and that both mystery client and overt sampling approaches can 
be used, to accurately quantify and track the scale of ineffective drugs 
which jeopardise treatment of a life threatening disease.

820
IN VIVO AND EX VIVO EFFICACY OF ARTEMETHER-
LUMEFANTRINE ON PLASMODIUM FALCIPARUM ISOLATES 
IN MALI

Souleymane Dama, Hamidou Niangaly, Issaka Sagara, Sekou 
Sissoko, Oumar Bila Traore, Amadou Bamadio, Niawanlou Dara, 
Moussa Djimde, Mohamed Lamine Alhousseini, Siaka Goita, 
Hamma Maiga, Ogobara Doumbo, Abdoulaye Djimde
University of Sciences Techniques and Technology of Bamako, Bamako, 
Mali

In Mali, previous studies showed high frequency of recurrent parasitemia 
after treatment with artemether-lumefantrine. We hypothesized 
that, recurrent parasites after treatment have a reduced sensitivity to 
artemether-lumefantrine.  We conducted a longitudinal study on 641 
volunteers recruited in Sotuba and Kolle, Mali. In-vivo sensitivity of 
Plasmodium falciparum to artemether-lumefantrine was measure as 
per WHO protocols. Polymerase chain reaction was used for molecular 
correction and to assess Pfcrt K76T and Pfmdr1 N86Y allele polymorphism. 
K13 propeller genotypes were assessed by sequencing. Ex-vivo field 
isolates sensitivities to artemether and lumefantrine were assessed using 
the hypoxanthine isotopic test.  The 28-day uncorrected Adequate Clinical 
and Parasitological Response (ACPR) cure rates were statistically different 
between Sotuba and Kolle, respectively 96.31% (313 of 325 patients; 
95% CI, 94.25 - 98.36) and 78.16% (247 of 316 patients; 95% CI, 73.59 
- 82.73), p < 0.001. PCR corrected ACPR rates were comparable between 
the two study sites 98.77% (321 of 325 patients; 95 % CI, 97.4 - 99.9) 
and 97.47% (308 of 316 patients; 95 % CI, 95.73 - 99.2) in Sotuba and 
Kolle respectively (p = 0.181). The pfmdr1 86N allele was selected after 
treatment with artemether-lumefantrine (71% versus 91%, p = 0.0012) 
but not pfcrt 76T (76.8% versus 75.2%, p = 0.09). Fifty (50) P. falciparum 
isolates from 641 volunteers were successfully cultured ex-vivo. All of the 
isolates tested ex-vivo were sensitive to artemether and lumefantrine. 
Means values of IC50 for artemether were 1.8 nM in pre-treatment isolates 
versus 3.8 nM in post treatment isolates (p = 0.001) and 1.9 nM versus 
6.9 nM (p = 0.014) for lumefantrine  Field P. falciparum isolates were 
sensitive in-vivo and ex-vivo to artemether and lumefantrine but recurrent 
parasites had significantly higher IC50 for both components of AL.

821
K13 MUTATIONS IN PLASMODIUM FALCIPARUM PERSISTING 
AFTER ACT TREATMENT OF KENYAN CHILDREN

Khalid B. Beshir1, Julian Muwanguzi-Karugaba1, Patrick Sawa2, 
Colin Sutherland1

1London School of Hygiene & Tropical Medicine, London, United Kingdom, 
2Human Health Division, International Centre of Insect Physiology and 
Ecology, Mbita, Kisumu, Kenya

Studies in the greater Mekong sub-region reported a strong relationship 
between polymorphisms at the propeller domain of the Kelch 13 (K13) 
protein encoded by the pfk13 locus and delayed parasite clearance 
after artemisinin treatment. In Africa, Plasmodium falciparum remain 
susceptible and combination therapy regimens which include an 
artemisinin component display good efficacy. In 2009, we observed 
using parasite detection by qPCR that sub-microscopic persistence 
of P. falciparum occurred in about one third of children treated 
with artemisinin combination therapy (ACT) in western Kenya, and 
these children were much more likely to develop recrudescent patent 
parasitaemia 4 or 6 weeks after treatment. Mutation in the pfk13 locus 
was rare in the parasite population captured by this study, and there was 
no evidence variants of pfk13 contribute to the persistence phenotype we 
observed. A similar study was carried out in the same site in 2013 in order 
to monitor any change in parasite clearance time and in the emergence 
of any mutations at pfk13 and other key genes. The parasite clearance 
phenotype as well as the prevalence of mutations in pfk13, pfmdr1, pfcrt1 
and pfap2µ will be presented. Any association between sub-microscopic 
parasites on day 3 after ACT treatment and mutations on those genes will 
be evaluated and results presented.

822
DURATION OF ARTEMISININ COMBINATION THERAPY 
INFLUENCES PARASITOLOGICAL OUTCOME IN A MOUSE 
MODEL OF MALARIA

Leah A. Walker1, Paul D. Roepe2, David J. Sullivan1

1Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States, 2Georgetown University, Washington, DC, United States

The clinically active derivatives of artemisinin reduce the total parasite 
burden more rapidly than other antimalarials. The short plasma half-life 
of the artemisinin derivatives and the dosing duration (number of days 
of treatment) of artemisinin combination therapy (ACT) result in most 
of the artemisinin being cleared during a single 48 hour asexual cycle 
of Plasmodium falciparum. Our laboratory hypothesizes that the ACT 
regimen duration plays a significant role in clinical outcome, keeping total 
dose of ACT constant. To better understand the role of treatment duration 
on clinical outcome, we have adapted a novel murine model of malaria, 
which utilizes a luciferase-reporter P. berghei at high parasitemia to 
study the rate of parasite killing in vivo. Unlike other drug efficacy assays 
which assess cytostatic activity, our assay more accurately mimics high 
parasitemia infections and cytocidal drug activity in the field. Using this 
model, we have determined the effect of two different artesunate duration 
regimens on parasite clearance and survival. Unlike P. falciparum, which 
has a 48-hour asexual cycle, P. berghei has a 24-hour asexual cycle in 
the mouse. Three doses of 50 mg/kg artesunate were administered to 
BALB/cJ mice with 6-10% parasitemia at two different duration regimens: 
3 doses at 0, 8, and 20 hours, and 3 doses at 0, 24, and 48 hours. We 
have found that extending single-drug artesunate treatment from 1 
asexual life cycle to over 3 asexual life cycles significantly prolongs time 
of absent parasitemia and results in a slower parasite multiplication rate 
for recrudescent parasites. In combination with quinoline partner drugs, 
the longer dose duration of artesunate effects cure measured at 30 days, 
whereas recrudescence is observed in combination with the shorter dose 
duration. Also, pyronaridine was shown to have a single dose cure with 
one tenth of the human equivalent dose. Lengthening dose duration to 
span three lifecycles makes existing artemisinin treatment more effective.
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823
IMPACT OF INTEGRATING THE DELIVERY OF SEASONAL 
MALARIA CHEMOPREVENTION WITH NUTRITION 
SUPPLEMENTATION IN NORTHERN NIGERIA ON HEALTH 
OUTCOMES: A PRAGMATIC INTERVENTION TRIAL

Abigail V. Ward1, Andrea Guillot1, Justin C. Graves1, Kathleen 
Maloney1, Omowunmi F. Omoniwa1, Leslie Emegbuonye1, 
Lyudmila Gorokhovich1, Charles Opondo2, Marko Kerac2, Alan 
Dangour2, Antoinette Bhattacharya1, Karen Milch Hariharan1, 
Owens Wiwa1, Justin M. Cohen1, Arnaud Le Menach1

1Clinton Health Access Initiative, Boston, MA, United States, 2London 
School of Hygiene & Tropical Medicine, London, United Kingdom

In 2012 WHO recommended Seasonal Malaria Chemoprevention (SMC) 
with sulfadoxine-pyrimethamine and amodiaquine (SP-AQ) to prevent 
childhood malaria in the Sahel sub-region. As malnourished children 
are twice as likely to die from malaria, there is potential for improving 
malaria and nutrition outcomes by combining the delivery of SP-AQ with 
Lipid-based Nutritional Supplements (LNS). From August to November 
2014, SP-AQ was delivered monthly door-to-door to children under five 
years old by community volunteers in seven wards of Madobi, Kano 
State, northern Nigeria. In three of the wards, children 6-24 months old 
were also provided LNS. About half of the 4000 children 6-24 months 
old who received SMC also received LNS. Cross-sectional baseline and 
endline household surveys conducted in August and November 2014 
collected data on demographics, anthropometric measurements, coverage, 
recent fever history, and adherence to interventions among children 
aged 6-24 months at baseline. We measured the impact of adding LNS 
on coverage estimates, recent fever incidence, and nutrition outcomes 
using multivariable logistic regression models. SMC coverage was 88% 
(95% CI 87-89%, n=1594) with no observed difference between the two 
arms; LNS coverage was estimated at 83% (95% CI 81-84%). Reported 
adherence to the 3-day course of SP-AQ was 82% across both arms, but 
adherence to LNS measured by consumption the day before was 57%. 
At baseline 78% of 1700 children were stunted, 54% were underweight 
and 15% were wasted. Adjusting for demographic factors and baseline, 
children who received four rounds of SMC and LNS had similar nutrition 
outcomes to children who received SMC only in preliminary analyses. 
Adding LNS to SMC resulted in a significant drop in fever incidence 
between August and November compared with SMC alone (p=0.02). 
Co-packaging SMC and nutritional supplements is operationally efficient, 
but no benefit in terms of coverage or nutrition outcomes was observed. 
Further study should explore subgroups and whether four rounds of LNS 
with observed adherence is sufficient to address the high prevalence of 
malnutrition observed in this population.

824
EMERGING OF MUTATIONS IN K13 PROPELLER GENE OF 
PLASMODIUM FALCIPARUM ISOLATES FROM DAKAR, 
SENEGAL IN 2013-2014

Bruno Pradines1, Agathe Boussaroque1, Bécaye Fall2, Marylin 
Madamet1, Cheikhou Camara2, Nicolas Benoit1, Mansour Fall2, 
Aminata Nakoulima2, Pierre Dionne2, Kadidiatou Ba Fall2, Bakary 
Diatta2, Yaya Diémé2, Boubacar Wade2

1Institut de Recherche Biomédicale des Armées, Brétigny sur Orge, France, 
2Hôpital Principal de Dakar, Dakar, Senegal

Malaria resistance to most antimalarial drugs has developed in Southeast 
Asia and has spread to Africa. Since 2005, the World Health Organization 
recommended artemisin-based combination therapy (ACT) as first-line 
treatment in malaria. In Senegal since 2006, ACT is recommended by the 
Senegalese National Malaria Control Programme as first-line treatment 
for uncomplicated malaria. The emergence of Plasmodium falciparum 
resistance to artemisinin and its derivatives, manifested as delayed 
parasite clearance following the treatment with artesunate monotherapy 

or ACT, has recently developed in Southeast Asia. Recently, mutations in 
the propeller domain of the Kelch 13 (K13) gene (PF3D71343700) were 
associated with in vivo and in vitro resistance to artemisinin in Southeast 
Asia. Four mutations, Y493H, R539T, I543T and C580Y, were recently 
correlated to in vivo and in vitro artemisinin resistance in Southeast Asia. 
While no mutation was found in Plasmodium falciparum isolates from 
Dakar, in 2012-2013, three mutations, N554H, Q613H and V637I, were 
identified among 92 isolates (12%) in 2013-2014. Five polymorphisms 
were identified in the Plasmodium/Apicomplexa-specific domain (K123R, 
N137S, N142NN/NNN, T149S and K189T/N). The mutations associated 
with in vitro resistance in Southeast Asia such as Y493H, R539T, I543T 
and C580Y were not observed, nor than the M476I mutation obtained 
in vitro on a Tanzanian strain. Further studies are needed to better 
characterize the role of these mutations in artemisinin resistance.

825
EVALUATION OF K13-PROPELLER POLYMORPHISMS IN 
PLASMODIUM FALCIPARUM PARASITES FROM NIGERIA

Mary C. Oguike1, George O. Ademowo2, Catherine O. Falade3, 
Colin J. Sutherland1

1Immunology and Infection Department, London School of Hygiene & 
Tropical Medicine, London, United Kingdom, 2Institute for Advanced 
Medical Research and Training, College of Medicine, University of 
Ibadan, Ibadan, Nigeria, 3Department of Pharmacology and Therapeutics, 
University of Ibadan, Ibadan, Nigeria

Drug resistance is indeed a raging ‘monster’ in the battle against malaria. 
As a result, artemisinin combination therapies (ACTs) have been globally 
adopted for antimalarial chemotherapy. ACT is known to be very potent 
but recent reports have observed in the form of slow parasite clearance in 
Southeast Asia that these drugs may not be as effective as in the recent 
past. As part of the measures to curb antimalarial drug resistance, the 
World Health Organisation (WHO) recommended continuous molecular 
surveillance of resistance markers to these drugs in order to detect early 
warning signs. In Nigeria, artemether-lumefantrine (AL) and artesunate-
amodiaquine (ASAQ) have been adopted as preferred ACT options. Until 
recently, there was no candidate marker for artemisinin resistance rather, 
candidate markers for their combination partners were used to evaluate 
efficacy. Plasmodium falciparum chloroquine resistance transporter 
(pfcrt) and P. falciparum multidrug resistance gene 1 (pfmdr1) are 
associated with decreased sensitivity to amodiaquine and lumefantrine, 
but effects of these polymorphisms on therapeutic responses to 
artesunate-amodiaquine (ASAQ) and artemether-lumefantrine (AL) have 
not been clearly defined. Recently, the P. falciparum K13-propeller was 
identified as a key determinant of delayed parasitological clearance after 
artemisinin treatment, and single nucleotide polymorphisms (SNPs) in 
K13 were associated with in vitro and in vivo resistance in Asia. As part 
of molecular surveillance of resistance markers to ACTs, we investigated 
by direct sequencing, the mutations in K13-propeller region in 150 P. 
falciparum positive blood spots from Nigerian children treated with ACTs 
in a clinical trial between 2007-2008. The results will serve as preliminary 
data on the interplay between recurrent parasitaemia and polymorphism 
in the P. falciparum K13-propeller gene in Nigeria.
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826
EVALUATION OF THE CAPACITY OF SENEGAL’S MALARIA 
DIAGNOSTIC ALGORITHM TO IDENTIFY PATIENTS WITH 
MALARIA PARASITEMIA

Julie I. Thwing1, Fatou Ba2, Alou Diaby3, Younouss Diedhiou4, 
Daouda Ndiaye4, Mame Birame Diouf5, Seynabou Gaye2, Alioune 
B. Gueye2, Assane Sylla3, Guelaye Sall3, Mady Ba2

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
2National Malaria Control Program, Dakar, Senegal, 3Institut de Population, 
Developpement, et Sante de la Reproduction, Dakar, Senegal, 4University 
Cheikh Anta Diop, Dakar, Senegal, 5United States Agency for International 
Development, Dakar, Senegal

Appropriate case management of malaria depends on access to an 
accurate diagnostic test. Malaria rapid diagnostic tests (RDTs) enable point-
of-care testing nearly as sensitive and specific as reference microscopy and 
permit accurate diagnosis at every healthcare level. The Senegal National 
Malaria Control Program introduced RDTs in 2007, along with a diagnostic 
algorithm stipulating that if a febrile patient of any age has symptoms 
indicative of a febrile illness other than malaria (e.g., cough or rash), they 
would not initially be tested for malaria, but treated for the apparent 
illness and receive an RDT if they return in 48 hours without improvement. 
We conducted a year-long study in 16 epidemiologically representative 
health posts to determine the algorithm’s capacity to identify cases of 
confirmed malaria. Health post personnel enrolled patients of all ages 
with fever (>37.5 C) or history of fever in the past 2 days. After clinical 
assessment, the nurse determined whether the patient would have 
received an RDT according to the diagnostic algorithm, but performed an 
RDT for all enrolled patients. Over one year, 6039 patients were enrolled; 
47% were under 5 years, and 58% required an RDT according to the 
algorithm. Overall, 23% had a positive RDT, 34% during rainy season and 
9% during dry season. The algorithm identified 78% of patients with a 
positive RDT, but this varied according to transmission season (rainy 80%, 
dry 70%), epidemiologic strata (high transmission 75%, low transmission 
95%), and age group (under five years 68%, five years and older 84%). 
In all but the lowest transmission zone, use of the algorithm results in 
an unacceptably large proportion of patients with malaria who do not 
receive timely diagnosis and treatment. While the algorithm was adopted 
within a context of malaria control, with the goal of treating patients 
with symptomatic malaria, Senegal has now adopted a goal of malaria 
elimination. In the context of malaria elimination, the paradigm of case 
management needs to shift toward the identification and treatment of all 
patients with malaria parasitemia, and case management policy has been 
changed to reflect this.

827
EVIDENCE OF NON-FALCIPARUM MALARIA IN KEDOUGOU, 
SENEGAL

Rachel F. Daniels1, Awa B. Deme2, Katelyn Durfee1, Julie Thwing3, 
Fatou Ba Fall4, Mady Ba4, Dyann F. Wirth1, Sarah K. Volkman1, 
Daouda Ndiaye2

1Harvard School of Public Health, Boston, MA, United States, 2University 
Cheikh Anta Diop, Dakar Fann, Senegal, 3President’s Malaria Initiative at 
Centers for Disease Control and Prevention, Atlanta, GA, United States, 
4Programme National de lutte contre le Paludisme, Dakar Fann, Senegal

Expanded efforts to control malaria in Senegal have resulted in increased 
used of rapid diagnostic tests to identify the primary disease-causing 
Plasmodium species, P. falciparum. However, these tests do not detect 
other malaria-causing species such as P. ovale and P. malariae that have 
previously been reported in Senegal. Current studies on species circulating 
in Senegal are lacking; and, assessing the population prevalence of 
malaria using appropriate diagnostic methods is essential for assessing 
the need for health care services.  Based on this, we developed real-time 
polymerase chain reaction speciation assays and analyzed 475 HRP2-based 
rapid diagnostic tests collected between 2013 and 2014, from a single 

site in southern Senegal, Kedougou, a hyper endemic region with malaria 
prevalence greater than 10%,. We observed P. malariae (n=3) and P. 
ovale wallikeri (n=2) as co-infections with P. falciparum among patients 
with positive rapid diagnostic tests (n=187 positive tests), including one 
patient positive for all three species. Among 288 negative tests, both P. 
ovale curtisi (n=3) and P. ovale wallikeri (n=1) were identified, as well 
as P. malariae (n=1). Furthermore, approximately 10% of the negative 
samples had detectable levels of P. falciparum by real-time PCR. These 
findings suggest that non-falciparum malaria is of concern in this country, 
particularly in light of reduced incidence of P. falciparum nationwide. Use 
of a specific rapid diagnostic test does not necessarily provide an accurate 
view of malaria transmission in Kedougou, Senegal; and, more sensitive 
and specific methods are required.

828
DIFFERENTIAL RESPONSE OF TOTAL IGG LEVELS IN SERUM 
FROM PLASMODIUM FALCIPARUM INFECTED INDIVIDUALS 
IN THE AMAZON REGION AGAINST PROTEINS EXPRESSED IN 
A BACULOVIRUS EXPRESSION SYSTEM

Katherine Torres, Katherine Garro, Jorge Bendezu, Sandra 
Morales, Beronica Infante, Elizabeth Villasis, Dionicia Gamboa
Universidad Peruana Cayetano Heredia, Lima, Peru

Erythrocyte invasion by the merozoite is a multiple steps process that 
involves specific interactions between erythrocyte receptors and parasites 
ligands. Therefore proteins related to invasion are important vaccine 
candidates and/or targets for diagnostic tool development. A recent study 
carried out in Peru assessed the protective immune response in plasma 
of Asymptomatic vs. Symptomatic Plasmodium falciparum infected 
individuals, using Protein microarrays against 850 asexual recombinant 
proteins derived from P. falciparum strain 3D7. The results of this study 
indicated a higher immune responses for asymptomatic individuals in 
comparison with the symptomatic ones against 52 proteins, including 
invasion proteins EBA-175 and RH2b; MSP-10 protein was immunoreactive 
for both groups.The aim of this study was to evaluate the total IgG levels 
in 30 serum samples from P. falciparum infected individuals (symptomatic 
and/or asymptomatic) against proteins PfRH2b, EBA-175 and MSP-10 by 
ELISA. The proteins were expressed in a baculovirus-recombinant protein 
system using Sf9 insect cells. All serum samples confronted against 
proteins PfRH2B, EBA-175 and MSP-10, showed a differential total IgG 
response against these recombinant proteins individually. These preliminary 
results demonstrated that recombinant P. falciparum invasion proteins 
synthesized by the baculovirus expression system were well recognized by 
patient serums, suggesting that this methodology could be a useful tool 
for the synthesis of P. falciparum proteins to be used as vaccine candidate 
proteins and/or as new targets for the development of Rapid Diagnostic 
Test.

829
EXPRESSION OF PLASMODIUM FALCIPARUM - 
RECOMBINANT PROTEINS (RH2B, EBA-175 AND MSP-10) 
USING BACULOVIRUS SYSTEM IN SF9 INSECT CELLS

Jorge Bendezu, Sandra Morales, Beronica Infante, Katherine 
Torres, Elizabeth Villasis, Manolo Fernandez, Dionicia Gamboa
Universidad Peruana Cayetano Heredia, Lima, Peru

Malaria caused by Plasmodium falciparum kills over 1 million 
people a year. A recent study carried out in Peru indicated a higher 
immune responses for asymptomatic individuals in comparison with 
the symptomatic ones against 52 proteins by Protein Arrays, including 
invasion proteins EBA-175 and RH2b; MSP-10 protein was immunoreactive 
for both groups. The aim of the present study was to standardize a 
baculovirus-recombinant protein system expression in Sf9 insect cell. We 
designed specific primers for the pfrh2b, pfeba175 and pfmsp10 genes. 
DNA products were cloned in order to be expressed using the Bac-to-Bac 
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system (Life TechnologiesTM). The expressed proteins were his-tag purified 
using iMAC system (BioRad).  In order to evaluate the immunoreactivity 
of these proteins ten positive sera from symptomatic patients positive to 
P. falciparum by microscopy were used. Eight out of ten were positive 
for PfRH2B, four out of ten were positive for PfEBA-175 and all ten were 
positive for PfMSP10 recombinant protein. These preliminary results 
demonstrated that the recombinant proteins obtained using baculovirus 
system were recognized by patient serum, however more serological 
evaluation are necessary for further validation.  This protein expression 
system is a useful tool to produce recombinant proteins that can be used 
as candidates to develop rapid diagnostic test to detect P. falciparum, 
since the current rapid diagnostic test, mainly base on pfHRP2 are no 
longer useful for the Amazon region where the parasites circulating in this 
area do not have this gene.

830
ANTIGEN DISCOVERY OF NOVEL SEROLOGICAL MARKERS 
OF RECENT PLASMODIUM VIVAX INFECTION

Connie S. Li Wai Suen1, Eizo Takashima2, Carla Proietti3, Rhea 
Longley1, Leanne J. Robinson1, Camila Franca1, Inoni Betuela4, 
Andrea Kuehn5, Masayuki Morita2, Gordon Smyth1, Ding Xavier6, 
Peter M. Siba4, Iveth J. González6, Marcus Lacerda7, Jetsumon 
Sattabongkot8, Denise Doolan3, Takafumi Tsuboi2, Ivo Mueller1

1Walter and Eliza Hall Institute, Parkville, Australia, 2Proteo-Science 
Center, Ehime University, Matsuyama, Japan, 3Queensland Institute of 
Medical Research, Herston, Australia, 4PNG Institute of Medical Research, 
Madang, Papua New Guinea, 5Institute of Global Health, Barcelona, 
Spain, 6Foundation for Innovative New Diagnostics, Geneva, Switzerland, 
7Fundação de Medicina Tropical Dr. Heitor Vieira Dourado, Manaus, Brazil, 
8Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand

As countries near elimination, the identification of sporadic pockets of on-
going malaria transmission becomes a challenge in the growing number 
of low prevalence areas, especially for Plasmodium vivax. In addition, P. 
vivax elimination will be difficult without being able to identify and target 
asymptomatic carriers of P. vivax hypnozoites. Current tools focus either 
on the diagnosis of P. vivax bloodstage infections, limited in duration 
and number, or on the measure of past cumulative exposure, using long-
lasting serological markers, none of which are suited to the identification 
of transmission pockets or hypnozoite carriers at risk of relapse. To close 
this gap, we have conducted a large-scale antigen discovery screen to 
identify new serological markers able to specifically detect recent (0 to 9 
months old) P. vivax infection.  Two large libraries of P. vivax antigens, 
collectively representing 1,600 individual proteins and more than 2,600 
protein fragments, were deployed for high throughput screening of serum 
samples using an AlphaScreen™ liquid array system (307 wheat germ cell-
free protein fragments) or custom-made protein microarrays (2,320 E. coli 
cell-free protein fragments). The immunoreactivity profiles of 31 children 
(5 to 10 years old) from Papua New Guinea and 60 Thai and Brazilian 
patients >7yrs. of age following radical cure of PCR-confirmed P. vivax 
infection were investigated for candidate antigens displaying an ideal 
profile for serological markers: either significant seroreversions or >4-fold 
drops in antibody concentration from 0 to 9 months after radical cure. 
This study proves the principle of serological markers of recent exposure 
to P. vivax infections. The resulting panels of antigens will be investigated 
for their performance in detecting concurrent and recent infections using 
plasma samples from longitudinal studies in 4 different P. vivax endemic 
settings.

831
DEVELOPMENT AND OPTIMIZATION OF A NEW 
QUANTITATIVE GLUCOSE-6-PHOSPHATE DEHYDROGENASE 
DEFICIENCY ASSAY FOR THE SAFE TREATMENT OF 
PLASMODIUM VIVAX HYPNOZOITES

James O’Donnell1, Andrew J. Guy1, Vashti Irani1, Ismael S. Barreto2, 
Joe Manitta3, Paul A. Ramsland1, Chuong Tran4, Celine Barnadas5, 
James G. Beeson1, Jack S. Richards1

1Burnet Institute, Melbourne, Australia, 2National Health Laboratory, 
Dili, Timor-Leste, 3Peter Doherty Institute for Infection and Immunity, 
Melbourne, Australia, 4Royal Children’s Hospital, Melbourne, Australia, 
5Walter and Eliza Hall Institute, Melbourne, Australia

A major challenge to achieving successful global elimination of malaria is 
the treatment of the Plasmodium vivax hypnozoite reservoir. Primaquine, 
an 8-aminoquinoline compound, has been available for many years and 
has proven efficacy in killing hypnozoites. Its use however, can induce 
haemolysis in patients with glucose-6-phosphate dehydrogenase (G6PD) 
deficiency. This X-linked disease is the most common human enzymatic 
deficiency; prevalence of up to 30% has been observed in some malaria 
endemic areas. Fears of G6PD deficiency and drug-induced haemolysis 
have greatly decreased the uptake of primaquine therapy in P. vivax 
endemic countries, resulting in high burden P. vivax as a consequence. 
This risk of haemolysis can be dramatically reduced with G6PD testing 
prior to treatment or identifying homogeneous populations with low 
risk of G6PD deficiency. Each of the current G6PD testing methods have 
significant limitations either in their ability to be technically implemented 
or in their affordability in resource-poor settings. Consequently, there is 
a need for an accurate, robust, and inexpensive G6PD test that can be 
deployed in resource-poor settings. We describe the optimisation and 
validation of a new quantitative G6PD test with an integrated quantitative 
haemoglobin (Hb) test. This new combined test showed strong agreement 
with the current gold-standard tests but can be performed with much less 
sophisticated equipment at a fraction of the cost. Field evaluations of this 
new G6PD test are currently being conducted.

832
EVALUATION OF GENEDIA® MALARIA P.F/PAN AG RAPID 
TEST RELATIVE TO MICROSCOPY IN A MALARIA ENDEMIC 
AREA ETHIOPIA

Abeba G. Reda
EPHI, Addis Ababa, Ethiopia

Early and accurate diagnosis of malaria followed by prompt treatment 
reduces morbidity and mortality in endemic regions. Presumptive 
treatment of malaria is widely practiced where microscopy or rapid 
diagnostic tests are not readily available. Introduction of rapid diagnostic 
tests (RDTs) for the treatment of malaria in many low-resource settings 
need evaluation of their performance. This study evaluated the 
performance of GENEDIA® Malaria P.f/pan Ag Rapid Test in malaria 
endemic area Ethiopia. This study ws undertaken to evaluate the 
diagnostic performance of GENEDIA® Malaria P.f/pan Ag Rapid Test 
relative to microscopy for the diagnosis of Plasmodium falciparum and 
P. vivax malaria in Ethiopia. In this cross-sectional study from November 
to December 2013, patients who had malaria symptoms and visited 
malaria control center in Adama, Oromia Region were recruited. Thin and 
thick blood smears were prepared from finger prick and stained by 10% 
Giemsa. Microscopic examination was done under 100x magnifications for 
Plasmodium species identification and determination of parasitaemia. The 
RDT was performed as per the manufacturers instructions. A total of 417 
febrile patients were diagnosed, of which 149 were microscopy positive 
for Pf (n=47) , Pv (n=93) and P.f and P.v or mixed( n=9) The sensitivity, 
specificity, positive and negative predictive value of GENEDIA® Malaria P.f/
pan Ag rapid test was 95.3%, 96.6%, `94.0%, 97.4 % respectively.  In 
conclusion, the diagnostic performance of GENEDIA® Malaria P.f/pan Ag 
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rapid test has sensitivity, specificity, positive and negative predictive value 
of 95.3%, 96.6%, `94.0%, 97.4% respectively with respect to malaria 
microscopy in this study. 

833
A SYSTEMATIZED REPRESENTATIVE SELECTION QUALITY 
CONTROL PROTOCOL FOR THE QUANTITATIVE ASSESSMENT 
AND IMPROVEMENT OF MALARIA MICROSCOPY IN 
TANZANIAN MILITARY HEALTH FACILITIES

Saidi Mgata1, Derryck Klarkowski2, Lucas Mahikwano1, Lucky 
Temu1, George Amoo3, Sarah Chiduo1, Akili Kalinga4, Christopher 
Mswanya5, Lalaine Anova6, Charles Mwanziva5, Eyako Wurapa2, 
Dennis Janga5

1Walter Reed Malaria Programme-Tanzania, Dar es Salaam, United 
Republic of Tanzania, 2Walter Reed Army Institute of Research, Silver 
Spring, MD, United States, 3Amethyst Technologies LLC, Baltimore, MD, 
United States, 4National Institute for Medical Research, Tukuyu Research 
Centre, Tukuyu, United Republic of Tanzania, 5Tanzania Peoples Defence 
Forces, Dar es Salaam, United Republic of Tanzania, 6ClinicalRM, Hinckley, 
OH, United States

Malaria microscopy is the gold standard methodology for confirmation 
of malaria parasites in human blood. It enables accurate detection, 
quantification and identification of species to support treatment and 
patient management, as well as research efforts to understand malaria 
prevalence. The accuracy and reliability of results are critically dependent 
upon the quality of blood film preparation, staining procedure, 
microscopist’s expertise and reading time. Studies have demonstrated poor 
malaria microscopy performance in Africa, including Tanzania. The Walter 
Reed Army Institute of Research (WRAIR) and Tanzania Peoples Defence 
Forces (TPDF) have established a Quality Monitoring and Improvement 
Program of malaria diagnostics at select TPDF camps. A key objective is 
to perform crosschecking of malaria slides prepared in current and future 
research sites. Malaria microscopy QC programs generally focus exclusively 
on reading accuracy. In contrast, the WRAIR/TPDF protocol includes 
quantitative assessment of preparation, staining and reading. All blood 
films prepared for routine testing are stored and monthly QC samples 
are selected in situ from the laboratory registers and crosschecked by the 
Walter Reed Malaria Program on a quarterly basis. 10 negative and all 
positive slides for each month are selected using a random representative 
sampling protocol. Representative sampling ensures that the QC slides 
are selected (in a random manner) from the start, middle and end of 
the working day, and from various days distributed across the month. 
The quality of blood films are quantitatively assessed macroscopically for 
blood film preparation quality, and microscopically for staining quality and 
reading accuracy. Over a 4 month period, the mean smear and staining 
quality were 74.3% (53.6-86.7) and 72.2% (50-86, n=251) respectively, 
mean sensitivity was 38.7% (33-45, n=160), and specificity was 82% 
(70-100, n=25).Results shows that the improvement or drop in quality 
of performance over months can be depicted and monitored using a 
systematized random sampling protocol with an objective selection of 
smears prepared in different times.

834
QPCR DETECTION OF SUB-MICROSCOPIC PLASMODIUM 
FALCIPARUM PARASITEMIA AFTER ARTEMISININ 
COMBINATION THERAPY IN MALI

Nouhoum Diallo1, Khalid Beshir2, Bakary Fofana1, Bakary 
Sidibe1, Sekou Toure1, Niawanlou Dara1, Francois Dao1, Amadou 
Togo1, Bouran Sidibe1, Moctar Coulibaly1, Issaka Sagara1, Colin 
Sutherland2, Ogobara Doumbo3, Abdoulaye Djimde1

1Malaria Research and Training Center, Bamako, Mali, 2London School of 
Hygiene & Tropical Medicine, London, United Kingdom, 3Malaria Research 
and Training Center, USTTB, Bamako, Mali

Parasite clearance time (PCT) after artemisinin-based combination therapy 
(ACT) is increasing in Asian settings. The association between parasite 
clearance following ACT with increased transmission to mosquitoes and 
parasite recurrence was demonstrated. The prevalence of sub-microscopic 
Plasmodium falciparum parasitemia in Malian people after ACT is less 
documented. Since October 2011 we have conducted prospective studies 
of four artemisinin combination therapies in Kollé and Bougoula, Mali. We 
determined parasite clearance dynamics by duplex quantitative polymerase 
chain reaction (qPCR) for patients for whom a complete set of day 0, 1, 2, 
and 3 dried blood spots were available. We obtained 208 and 186 patients 
for episodes 1 and 2, respectively. Residual parasitemia on day 3 after 
initiation of treatment was observed during episode 1 in 22% and 27% at 
Kollé and Bougoula respectively. For episode 2, residual parasitaemia was 
detected in 10% and 30% of patients respectively for Kollé and Bougoula. 
Our results indicate that sub-microscopic parasitaemia persists in 10 - 30% 
of patients at day 3 post-ACT treatment in Mali. The implications of these 
observations for ACT efficacy will be discussed.

835
ULTRASENSITIVE MOLECULAR SCREENING FOR 
PLASMODIUM VIVAX INFECTION IN PREDOMINANTLY 
DUFFY NEGATIVE POPULATION IN MALI, WEST AFRICA

Amadou Niangaly1, Mark A. Travassos2, Youssouf Tolo1, Amy 
Mu2, Matthew Adams2, Bourema Kouriba1, Matthew B. Laurens2, 
Antoine Dara2, Issa Diarra1, Modiba Daou1, Mody Sissoko1, Amed 
Ouattara2, Drissa Coulibaly1, Karim Traore1, Christopher V. Plowe2, 
Mahamadou A. Thera1, Ogobara K. Doumbo1

1Malaria Research and Training Center, Bamako, Mali, 2Center for Malaria 
Research, Institute for Global Health, University of Maryland School of 
Medicine, Baltimore, MD, United States

The preponderance of Duffy-blood-group negative populations in the 
Sahel has led to the assumption of very low prevalence or no Plasmodium 
vivax malaria infection in this region based on the resistance of Duffy 
negative people to P. vivax infection. This reasoning has long been widely 
accepted, and may have resulted in a diagnostic bias and mis-diagnosis 
of P. vivax in West Africa by microscopy. Molecular tools enable us to 
detect species-specific infection including submicroscopic low-density 
parasitemia of P. vivax. Molecular screening may offer an efficient tool 
for investigating P. vivax infection to inform malaria elimination policies 
in Africa. Blood samples were collected from 400 children aged 0-14 
years during quarterly scheduled visits in prospective cohort studies from 
2009 to 2012 in Bandiagara, Mali. An ultrasensitive Pf_Pv-multiplex qPCR 
using Roche LightCycler 480 was carried out using DNA extracted from 
filter paper samples. P. vivax positive results were repeated three times 
for confirmation. Our preliminary data have detected four cases of vivax 
infection in 2009. One patient among the four positives was chronically 
infected by P. vivax during consecutive quarterly visits. These results 
suggest that P. vivax may be more common than previously believed 
in this setting. Sensitive molecular tools have the potential to provide 
important information for planning malaria elimination strategies in the 
Sahel.
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836
EVALUATION OF NEXT GENERATION INFECTION DETECTION 
TESTS FOR MALARIA ELIMINATION AND ERADICATION

Smita Das, Ihn Kyung Jang, Katherine Imus Misiuda, Paul LaBarre
PATH, Seattle, WA, United States

Over the last decade, increased funding for malaria control has resulted 
in the adoption and scale-up of interventions, leading to a worldwide 
decrease in mortality cases. However, it has recently become evident that 
in both low and high transmission settings, there is a large proportion of 
individuals who harbor low density infections that are not detected by 
microscopy or rapid diagnostic tests (RDTs). Other diagnostic tools such as 
PCR, ELISA, and RT-PCR lack affordability, ease of use, rapid time to results, 
and portability, all of which are essential for large scale use in resource-
limited settings. As a result, infected individuals that are undetectable with 
current tools remain a reservoir of infection and contribute to continued 
malaria transmission within a population. Clearly, there is a need for 
more accurate tests. The Infection Detection Test (IDT) Development 
Initiative seeks to enable access to the most appropriate diagnostic 
tools that will support regional elimination and global eradication of 
Plasmodium falciparum malaria. The IDT Initiative is focused on the 
development and commercialization of a high quality, low cost, easy to 
use, and highly sensitive P. falciparum diagnostic test by 2017. Similar 
to existing RDTs, the IDT will implement a lateral flow format, and will 
utilize the HRP2 biomarker because HRP2 persistence in peripheral blood 
suggests recent infection. Currently, commercial RDTs have a limit of 
detection (LOD) of 800 pg HRP2/mL. The goal of the IDT Initiative is to 
produce a new diagnostic tool that has an LOD of 80 pg HRP2/mL, and 
this work has led to the development of five promising prototypes. Each 
prototype includes developments or improvements to one or more of the 
following: alternative reporters, workflow innovations, advanced capture 
agents, sample preparation, and non-invasive sampling. Using native and 
recombinant HRP2 proteins, as well as clinical samples, we evaluated the 
performance of these prototypes. Here, we present the preliminary results 
of the IDT prototype evaluation and identify the relative advantages of 
several design approaches.

837
ASSESSMENT OF NON-ADHERENCE TO ANTIMALARIAL TEST 
RESULTS IN PUBLIC AND PRIVATE HEALTH FACILITIES IN 
NIGERIA

Martin Meremikwu1, Iwara Arikpo1, Sonachi Ezeiru2, Chukwudi 
Uche3, Issa Kawu3, Ernest Nwokolo2, Jennifer Anyanti2, Nnenna 
Ezeigwe3

1University of Calabar, Calabar, Nigeria, 2Society for Family Health, Abuja, 
Nigeria, 3National Malaria Elimination Programme, Abuja, Nigeria

Current global guidance requires that all suspected malaria cases should be 
confirmed by microscopy or rapid diagnostic test (RDT) before treatment. 
The Nigerian National Malaria Elimination Programme is implementing 
strategies to promote availability of quality assured microscopy and 
mRDTs in public and private health facilities across the country but 
there are concerns that the failure of health workers and prescribers to 
adhere to results of these confirmatory tests undermines the benefits of 
these interventions. This study was performed to assess the practice and 
reasons for non-adherence to malaria test results. Non-adherence rate 
was defined as percentage of cases that tested negative by microscopy or 
mRDT who received antimalaria treatment despite the test result. Record 
of microscopy or mRDT test results, and treatments given to the most 
recent cases of suspected malaria seen in 61 health facilities sampled 
from all the six geo-political zones of Nigeria were analyzed. The included 
facilities received regular supplies of quality-assured mRDTs from the 
National Malaria Elimination Programme or through the implementer of 
the grant-supported initiative to improve malaria diagnosis and treatment 
in the private sector. Confirmatory tests (mostly mRDT) were performed in 
431 of 610 eligible cases; 169 had no test. Results showed 285 (66.1%) 

had malaria parasitaemia and 146 (33.9%) had no parasitaemia. Thirty 
one patients who had negative test results were treated with antimalarial 
drug (ACT) giving a non adherence rate of 21.2%. Top three reasons 
given by prescribers for non-adherence were (i) low confidence in accuracy 
of mRDT, (ii) disregarding test results when illness symptoms are “too 
obvious”; and (iii) insistence by some patients to be treated despite their 
negative test results. These findings would be helpful in developing 
interventions to address non-adherence and draw attention to the need 
for more in-depth studies of this practice.

838
A STUDY OF DIFFERENT METHODS FOR ESTIMATING OF 
BLOOD MALARIA PARASITE DENSITY

Kyaw Swar Oo, Noppadon Tangpukdee, Kirana Paohintang, 
Kwanyuen Putraprasert, Putza Chonsawat, Suntaree Pengruksa, 
Apaipun PooNgoen, Polrat Wilairatana, Srivicha Krudsood
Faculty of Tropical Medicine, Bangkok, Thailand

A retrospective study of malaria parasitaemia estimation by using actual 
and different assuming number of WBC and RBC counts was conducted 
at the Bangkok Hospital for Tropical Diseases, Faculty of Tropical Medicine, 
Mahidol University, Thailand. Clinical data from 512 patients, who infected 
either falciparum or vivax malaria and diagnosed of malaria by using 
thick and thin blood smears, were analyzed. The application of a WHO 
recommended 8,000 WBCs/µL and assuming RBC number for estimating 
malaria parasitemia led to overestimation and resulted in low reliability 
when compared to the actual counts of WBC and RBC. The difference 
in the geometric mean parasitemia calculated by using actual WBC and 
RBC counts and compared to parasite densities with assuming number 
of WBC and RBC counts were significantly lower and higher except for 
assuming WBC 5900/µL in thick blood film; assuming RBC 4,800,000/µL in 
thin blood smears in male patients and assuming RBC of 4,300,000/μL in 
female patients.

839
NEGATIVE MALARIA RAPID DIAGNOSTIC TEST (MRDT) CASE 
MANAGEMENT IN THE PRIVATE RETAIL OUTLETS: RESULTS 
FROM MYSTERY PATIENT SURVEYS IN NIGERIA AND 
UGANDA

Geoffrey Namara1, John Baptist Bwanika2, Chinwe Adaku Nze3, 
Tonny Kyagulanyi2, Grace Nakanwagi Ssekabira1, Elizabeth Streat1, 
Ebenezer Sheshi Baba1

1Malaria Consortium-Africa, Kampala, Uganda, 2Malaria Consortium-
Uganda, Kampala, Uganda, 3Malaria Consortium-Nigeria, Abuja, Nigeria

Malaria remains endemic in Uganda and Nigeria, with over 80% of 
the population at risk of disease in both countries. The two countries 
have adopted the WHO recommendation of universal parasitological 
confirmation before treatment. The recommendation includes the 
private sector where 40-60% of febrile patients seek care. However, 
adherence to case management guidelines following a negative test 
result remains unclear especially in the private retail outlets offering 
malaria testing services. Mystery patient surveys, an effective method for 
assessing provider’s behavior, were conducted to understand providers’ 
case management following a negative mRDT result. The surveys were 
conducted in November 2014 and December 2013 in Nigeria and Uganda 
respectively, as part of a broader multi-country private sector mRDT 
project. In both countries, mystery patients were confirmed malaria 
negative, healthy adults consenting to at most 3 malaria tests over a 
one week period. They were trained to present at randomly selected 
private retail outlets known to offer malaria diagnostic services and act as 
patients, presenting with symptoms likely to indicate suspected malaria 
thus leading the provider to recommend a malaria test. Their experiences 
were later recorded through an interviewer administered questionnaire. 
A total of 131 visits from 63 mystery patients were made in Nigeria and 
193 visits from 65 mystery patients in Uganda. In Both countries, the 



255

astmh.org

outlets were mainly drug shops and clinics. In Nigeria, all visits received a 
test whereas 176/193 (91%) of visits in Uganda received a test. Despite a 
negative confirmatory result prior to the visit, 53/131(40%) and 62/176 
(35%) of cases tested were given a positive test result in Nigeria and 
Uganda respectively. Among cases testing negative, 26/78(33%) in Nigeria 
and 27/114(24%) in Uganda were given an anti-malarial, predominantly 
ACTs. Adherence to non-malaria case management guidelines is still sub 
optimal. Evidence suggests alteration of negative results. There is need for 
to further understand the factors driving anti-malarial prescription despite 
negative results

840
BUILDING A SYSTEM OF QUALITY ASSURED MALARIA 
DIAGNOSTICS IN THE DEMOCRATIC REPUBLIC OF THE 
CONGO

Filiberto Hernandez
Centers for Disease Control and Prevention, Atlanta, GA, United States

Using a parasitological test for suspected cases of malaria is increasingly 
becoming the norm in the Democratic Republic of the Congo. However, 
assuring that tests - both microscopy and malaria rapid diagnostic tests 
(RDTs) - are done properly and the test results are used appropriately, 
remains a difficult challenge in the country. To address this, the President’s 
Malaria Initiative (PMI) through the PATH-led MalariaCare partnership 
has supported the National Malaria Control Program (NMCP) to develop 
and implement a system of quality- assured malaria diagnostics. This 
system is designed on continuous improvement principles and includes 
update training, certification of trainers, on-site supportive supervision 
linked with regular review and feedback by Quality Assurance (QA) 
supervisors.  MalariaCare has worked with the NMCP to train a cadre of 
diagnostics experts in microscopy skills and in quality RDT performance. 
Best performers - from both central and provincial reference laboratories 
- are then trained as on-site supervisors. They then work with local 
laboratory and clinical staff at health facility level to perform on-site 
outreach training and supportive supervision (OTSS) in health facilities 
in six of the DRC’s eleven provinces. The OTSS visits focus on skills 
observation and on the spot problem solving. The primary goals have been 
to improve preparation and accuracy of malaria slide reading, assurance 
of appropriate RDT results, and adherence by clinicians to the test results. 
Recently a cadre of clinician supervisors has also been trained and joined 
the laboratory experts in providing regular on-site supervision visits. To 
assure steady quality improvement in the program the supervisors meet to 
review outcomes and plan improvements during annual lessons learned 
workshops. While the largest portion of the facilities are new, a subset 
with two years of representative data have shown steady improvements 
in the quality of diagnostic and clinical indicators. Consequently, the QA 
system is being expanded to include on-site proficiency testing and linkage 
of community health worker networks to QA program health facilities.

841
FEASIBILITY AND ACCEPTABILITY OF INTRODUCING 
MALARIA RAPID DIAGNOSTIC TESTS (MRDTS) AND PRE-
REFERRAL RECTAL ARTESUNATE (RA) INTO COMMUNITY 
CASE MANAGEMENT IN MCHINJI, MALAWI

Themba Phiri1, Blessings Kaunda1, Andrew Bauleni1, David 
Melody2, Joby George2, Tiyese Chimuna2, Humphreys 
Kalengamaliro2, John Sande3, Humphrey Nsona3, Don P. 
Mathanga1

1Malawi College of Medicine, Blantyre, Malawi, 2Save the Children Malawi, 
Lilongwe, Malawi, 3Ministry of Health, Lilongwe, Malawi

WHO recommends the use of malaria Rapid Diagnostic Tests (mRDTs) 
for malaria diagnosis at all levels of the health system and use of rectal 
artesunate (RA) at community level as a pre-referral treatment for severe 
malaria. We conducted this mixed method study to assess the feasibility, 

acceptability and impact of integrating mRDTs and RA into community 
case management on quality of care and utilization of CCM services. 
During the study, mRDTs/ RA were available in 97% of the village 
clinics and 96% of mRDTs were correctly performed by community 
health workers. Cross sectional surveys showed that care seeking from 
community health workers increased from 36.8% before the intervention 
to 89% after the intervention whilst the proportion of caregivers that 
sought care from informal sources of care declined from 16.5% to 1.9%. 
Prompt access to care (within 24 hours) increased from 42% to 93%. 
For children that received RA, 79% complied with referral when assessed 
within 24 hours to 7 days of referral advice. Non compliance to referral 
increased with distance from the health centre. Both mRDTs and RA 
were highly accepted by caregivers and community health workers, and 
reasons given included the provision of diagnostic services and timeliness 
of treatment at community level. This study has shown that integration 
of mRDTs and pre-referral rectal artesunate into community case 
management is both acceptable and feasible. The intervention improves 
utilization of child  health services, malaria diagnosis, treatment and 
compliance to referral advice among children less than five years of age in 
hard to reach areas of Malawi.

842
ASSESSING ADHERENCE TO THE REVISED CASE 
MANAGEMENT GUIDELINES FOR THE INTEGRATED 
MANAGEMENT OF CHILDHOOD ILLNESSES IN RURAL 
GHANA

Lawrence G. Febir1, Frank Baiden2, Martha A. Abdulai1, Seeba 
Amenga-Etego1, Jane Bruce3, Daniel Chandramohan3, Seth 
Owusu-Agyei1, Jayne Webster3

1Kintampo Health Research Centre, Kintampo, BAR, Ghana, 2Ensign 
College of Public Health, Kpong, ER, Ghana, 3London School of Hygiene & 
Tropical Medicine, London, United Kingdom

The World Health Organization has released revised Integrated 
Management of Childhood Illnesses(IMCI) case management algorithm 
that incorporate the use of malaria rapid diagnostic test. Adherence to 
the revised guidelines is critical to proper diagnosis and management of 
malaria and non-malaria fevers, including the rational use of antibiotics. 
As part of an implementation research in the middle-belt of Ghana, we 
conducted an observation study to assess the extent of adherence to the 
revised guidelines. Between April and July 2013, we conducted structured 
observation of clinical practices in the management of under-five children 
reporting with fever to eighteen (18) health centers in the Brong Ahafo 
Region of Ghana. Data was collected using a structured checklist and the 
data was matched against the standard set in the revised WHO guidelines. 
A total of 4111 observations were carried out among children 3-59 
months. Among children diagnosed with malaria and prescribed ACT, 
only 26% had RDT performed. Only 28% had their ability to eat, drink or 
breastfeed assessed. History of convulsion or convulsing at presentation 
was checked for approximately 22%. Just about 18% were assessed 
for ear problems while only 14.7% got assessed for malnutrition and 
anemia. 16% of the observed children received better than average IMCI 
assessment (7 or more of the 11 IMCI task). Adherence to the revised IMCI 
guidelines is sub-optimal in this area in Ghana. Innovative approaches 
are needed to increase clinician adherence and ensure appropriate 
management of under-five febrile illnesses in the era of test-based 
management of malaria.
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843
THE USE OF FIONET™ TECHNOLOGY AS A TOOL IN 
IDENTIFYING THE PROBLEMS WITH RDT QUALITY IN 
MILITARY HEALTH FACILITIES OF TANZANIA

Akili Kalinga1, Christopher Mswanya2, Lucky Temu3, Lalaine 
Anova4, Eyako Wurapa5, Colin Ohrt5, Sarah Chiduo3, George 
Amoo6, Charles Mwanziva2, Ian Fine7, Geeta Bhat7, Dennis Janga2

1National Institute for Medical Research, Tukuyu Research Centre, Tukuyu, 
United Republic of Tanzania, 2Tanzania Peoples Defense Forces, Dar es 
Salaam, United Republic of Tanzania, 3Walter Reed Malaria Programme-
Tanzania, Dar es Salaam, United Republic of Tanzania, 4ClinicalRM Inc., 
Hinckley, OH, United States, 5Walter Reed Army Institute of Research, 
Silver Spring, MD, United States, 6Amethyst Technologies LLC, Baltimore, 
MD, United States, 7Fio Corporation, Toronto, ON, Canada

Over 93% of the Tanzanian population is at risk for malaria infection. In 
the past, malaria diagnosis in health facilities below hospital level relied on 
clinical diagnosis and rarely microscopy. The World Health Organization 
advocates the use of Rapid Diagnostic Tests (RDTs) where microscopy is 
not feasible. Despite the promising use of RDTs, quality control (QC) is 
challenging. While cross-checking malaria slides is a common external 
QC method, cross-checking RDTs by off-site personnel can be unreliable 
because RDT result lines begin degrading within hours. Fionet™ 
technology is a web-based workflow guidance system that addresses 
RDT quality control issues. The system uses the Deki Reader™ (DR) and 
standard mobile devices to provide step-by-step guidance for performing 
RDTs, and to capture and transmit digital records of each test. Web-based 
oversight of RDT performance is enabled through Fionet™ to provide 
real time reporting and case management. RDT QC through Fionet™ 
was implemented at selected Tanzanian military facilities in collaboration 
with the US Army. Images of RDTs performed at the sites were viewed 
through the web portal for preparation problems and discordant results 
between device and human interpretations. Concerns were communicated 
remotely with health workers at the point of service for improvement. In 
2014, 2.9% (960/32655) and 0.1% (26/32655) of all uploaded images 
were identified to have quality problems related to interpretation of results 
and RDT preparations respectively. Of the false results, 56% (539/960) 
were false negative and 44% (421/960) were false positive. False positive 
interpretations were commonly found in mixed species infections (64.5%; 
247/383); false negative interpretations were found more in single species 
infections (54.5%; 294/539). The main factors leading to errors in RDT 
interpretations were assumption of presence of imaginary positive line 
(44.5%; 150/337) and missing weak positive test lines (35.9%; 121/337).

844
HIDDEN PLASMODIUM AND THE RISK OF TRANSFUSION 
TRANSMITTED MALARIA IN NON-ENDEMIC AREAS

Giselle F. Lima1, Maria Carmen A. Sanchez2, José E. Levi3, Luiza 
C. Caramelo2, Mahyumi Fujimori2, Arianni R. Sanchez2, Juliana 
Inoue1, Maria J. Costa-Nascimento4, Alfredo M. Junior3, Silvia M. 
Di Santi1
1Faculdade de Medicina da Universidade de São Paulo, São Paulo, Brazil, 
2Instituto de Medicina Tropical de São Paulo, Universidade de São Paulo, 
São Paulo, Brazil, 3Fundação Pró-Sangue Hemocentro de São Paulo, São 
Paulo, Brazil, 4Superintendência de Controle de Endemias, São Paulo, 
Brazil

Malaria in Brazil is endemic in the Amazon, although autochthonous 
cases, mostly asymptomatic, have been reported in the Atlantic Forest 
near the coastal area. Epidemiological investigations in this region revealed 
carriers that represent a challenge for blood banks since the proportion 
of submicroscopic infections in such low transmission areas (prevalence 
by microscopy ≤ 10%) can reach 70 - 80%. Moreover, the pre-donation 
questionnaire may fail to detect individuals harboring Plasmodium due 
to its low parasitemia and absence of symptoms. In order to improve 
transfusion safety we evaluated molecular and serological tests on a 

population of risky blood donors. We tested samples from 91 candidates 
for blood donation from non-endemic areas where asymptomatic 
infections have been reported. Thick blood smear, qPCR, nested PCR, 
ELISA with both recombinant P. vivax MSP119 (ELISA-Pv) and total 
P. falciparum extract (ELISA-Pf) and indirect fluorescent assay with P. 
malariae (IFA-Pm) were used. Two samples (2.2%) (0.6-7.6) were positive 
by thick blood smear with very low parasitemia. Genus qPCR exhibited 
amplification in 3.3% (1.1-9.2) and species-specific nested PCR in 2.2% 
(0.6-7.6%) indicating the presence of P. malariae. ELISA detected 42.8% 
(33.2- 53.1) of samples reagent for P. vivax and 6.6% (3.1-13.6) for P. 
falciparum. IFA-Pm was reagent for P. malariae in 15.4% (9.4-24.2). 
Among the 40 positive samples by serology, 97.5% were detected by 
ELISA-Pv, 35.0% by IFA-Pm and 15.0% by ELISA-Pf (Chi^2, p<0.001). 
Considering parasitological and molecular methods, 4/91 blood donors 
(4.4%) were probably infectious. Based on serology, 44.0% were exposed 
to Plasmodium. The high prevalence of antigens and antibodies in this 
population points out to the risk of transfusional malaria in this area, as 
asymptomatic donors are currently missed by the clinical-epidemiological 
screening. We are currently evaluating the power of a few specific 
questions on donor’s proximity to the Atlantic Forest in addition to 
laboratorial methods to disclose Plasmodium carriers, aiming to reduce 
the risk of transfusional malaria in this area.

845
COMPARISON OF DIFFERENT DIAGNOSTIC TOOLS FOR THE 
DETECTION OF ASYMPTOMATIC PLASMODIUM FALCIPARUM 
INFECTIONS ACROSS GEOGRAPHICALLY DIVERSE AREAS

Xavier C. Ding1, Didier Ménard2, Dionicia Gamboa3, Babacar 
Faye4, Roxanne R. Rees-Channer5, James S. McCarthy6, Qin 
Cheng7, Peter L. Chiodini5, Iveth J. González1

1Foundation for Innovative New Diagnostics, Geneva, Switzerland, 2Institut 
Pasteur in Cambodia, Phnom Penh, Cambodia, 3Departamento de Ciencias 
Celulares y Moleculares, Facultad de Ciencias y Filosofia, Universidad 
Peruana Cayetano Heredia, Lima, Peru, 4Service de Parasitologie, Faculté 
de Médecine, Université Cheikh Anta Diop, Dakar, Senegal, 5Department 
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London NHS Foundation Trust, London, United Kingdom, 6QIMR Berghofer 
Medical Research Institute, University of Queensland, Brisbane, Australia, 
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Global malaria control has been drastically improved in the recent past, 
resulting in an almost halved mortality rate and a 26% decrease in 
infections worldwide since the year 2000. The significant epidemiological 
shifts that this has led to need to be fully understood to progress the 
elimination agenda. Foremost is the increasing fraction of malaria 
transmission due to asymptomatic infections in low endemicity settings, a 
large part of which is characterized by submicroscopic parasitaemia. Such 
individuals are extremely difficult to identify for treatment. Indeed, recent 
data suggest that up to 50% of human-to-mosquito transmission could 
be caused by such infections in very low endemicity areas. To evaluate 
the extent and detectability of asymptomatic Plasmodium falciparum 
infections, we recently collected large sets of venous whole blood samples 
from asymptomatic adult volunteers in several areas of low malaria 
endemicity in Cambodia, Peru and Senegal. Sample sets were constructed 
to include one fifth asymptomatic P. falciparum positive specimens 
and four fifths negative specimens as determined by locally performed 
molecular detection tests (PCR or loop-mediated isothermal amplification). 
The ability of reverse transcription quantitative PCR, rapid diagnostic tests 
(RDTs), and microscopy to correctly identify P. falciparum infections in 
our sample sets was measured in reference laboratories and compared 
to conventional nested PCR. In addition, the histidine-rich protein 
2 gene (pfhrp2), a key biomarker for parasite detection by RDTs, was 
sequenced and the whole blood concentration of HRP2 determined for 
positive specimens by ELISA.  By correlating the presence of P. falciparum 
infection in asymptomatic individuals with parasitaemia, detectability 
by multiple techniques of varying sensitivity, and HRP2 expression level, 
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this study provides unique insights into this significant parasite reservoir. 
Analysis of this comprehensive data will inform the optimization of 
strategies to identify asymptomatic but infective carriers of P. falciparum.

846
A NEW, ROBUST AND FASTER SINGLE-STEP PCR FOR 
PLASMODIUM SPOROZOITE DETECTION IN MOSQUITOES

Diego F. Echeverri-Garcia1, Victoria Makuru1, Jenna Davidson1, 
Nicholas A. Deason1, Honglin Xiao1, Tanya Russell2, Thomas R. 
Burkot2, Frank H. Collins1, Neil F. Lobo1

1University of Notre Dame, Notre Dame, IN, United States, 2James Cook 
University, Townsville, Australia

Malaria is the most important vector-borne disease. Countries as well 
as organizations all over the world are working towards its control and/
or elimination. Knowledge on infective Anopheles species (mosquitoes 
carrying Plasmodium spp sporozoites in their salivary glands and bucal 
parts) in the field, is fundamental to this goal. The detection of infective 
mosquitoes is required for vector incrimination, the determination of 
entomological inoculation rate (EIR), and for interventions monitoring 
toward the reduction of malaria transmission. Currently sporozoite 
detection relies on PCR methods, where the 18s-rRNA nested PCR assay 
is the most extensively used. This standard technique is not amenable for 
high throughput analyses, due to being laborious and time-consuming. 
In addition, this assay is affected by debris and carry-over from host cells 
as well as traces of reagents/template used during DNA extraction and 
reactions in this multi-step process. In this study, over 3000 mosquitoes 
collected in the Western Province, Solomon Islands, were evaluated 
for sporozoite infection using a newly developed assay based on the 
cytochrome oxidase I gene (COX-1). This assay, is faster, simpler, amenable 
for high-throughput studies, and has a higher detection limit when 
compared to the standard 18s-rRNA.

847
CARDIAC SAFETY OF ARTEMISININ-BASED COMBINATION 
THERAPY AMONG ADULTS INFECTED WITH HUMAN 
IMMUNODEFICIENCY VIRUS AND STABILIZED ON 
ANTIRETROVIRAL THERAPY IN MALAWI

Clifford G. Banda1, Eva Maria Hodel2, Mavuto Mukaka1, Richard 
Kamwezi3, Maxwell Yohane3, Fraction Dzinjalamala3, Jane 
Mallewa3, Dianne J. Terlouw2, Victor Mwapasa3

1Malawi Liverpool Wellcome Trust Clinical Research Programme, Blantyre, 
Malawi, 2Liverpool School of Tropical Medicine, Liverpool, United 
Kingdom, 3University of Malawi, College of Medicine, Blantyre, Malawi

Human Immunodeficiency Virus (HIV) and Plasmodium falciparum 
malaria co-infections frequently occur in sub-Saharan Africa but there 
are limited data on the safety of artemisinin-based combination therapy 
(ACT) in HIV-infected individuals taking antiretroviral (ARV) drugs. ACT 
components (piperaquine, amodiaquine and lumefantrine) have been 
associated with cardiac abnormalities in a concentration dependent 
manner, and have triggered a call for more safety data from various high 
risk sub-populations. ARV drugs such as protease inhibitors (PIs) and non-
nucleoside reverse transcriptase inhibitors (NNRTIs) that affect activity 
of cytochrome P-450 enzymes may elevate concentrations of ACTs and 
have raised concerns about increased risk of cardiac toxicity. As part of 
a pharmacokinetic trial assessing safety of ACTs among non-malaria HIV 
infected individuals stabilised on ART, we compared the incidence and 
severity of QTc prolongation and cardiac related adverse events in ARV-
naïve individuals (n=41) and those taking NNRTIs (n=71) and PIs (n=42) 
in combination with a standard three-day regimen of dihydroartemisinin-
piperaquine, artesunate-amodiaquine or artemether-lumefantrine. We will 
present the QTc interval prolongation and its correlation with ACT plasma 
levels and treatment emergent cardiac adverse events. Effect of predictors 
such as age, gender, electrolyte levels and intake of cotrimoxazole 
prophylaxis on QTc prolongation across study arms are assessed using 

logistic regression. Robust safety profiles of ACTs in malaria-HIV co-
infected populations will help inform treatment guidelines and support 
national malaria control programs which consider large ACT mass drug 
administration campaigns

848
EXPOSURE TO ARTEMISININS IN PREGNANCY AND THE 
RISK OF ADVERSE PREGNANCY OUTCOMES: A SYSTEMATIC 
REVIEW AND META-ANALYSIS

Stephanie D. Kovacs1, Annemieke van Eijk2, Stephanie Dellicour2, 
Esperanca Sevene3, Halidou Tinto4, Umberto D’Alessandro5, Feiko 
ter Kuile2, Andy Stergachis1

1University of Washington, Seattle, WA, United States, 2Liverpool School 
of Tropical Medicine, Liverpool, United Kingdom, 3Universidade Eduardo 
Mondlane, Maputo, Mozambique, 4Institut de Recherche en Sciences de 
la Santé, Bobo-Dioulasso, Burkina Faso, 5Medical Research Council, Faraja, 
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Malaria in pregnancy is responsible for up to 100,000 neonatal deaths 
and 10,000 maternal deaths annually. Severe malaria may lead to severe 
maternal anemia miscarriage, stillbirth, prematurity, and low birth weight. 
In animal models, artemisinin derivatives may be embryotoxic and 
teratogenic if administered at specific times of pregnancy. No increased 
risk of adverse pregnancy outcomes has been observed in humans but the 
studies were limited by too small sample sizes to detect rare but clinically 
significant differences in adverse pregnancy outcomes. The purpose of 
this meta-analysis is to examine the association between exposure to 
artemisinins during pregnancy and the risk of adverse pregnancy outcomes 
including miscarriage, stillbirth, and congenital anomalies. We conducted a 
comprehensive search of MEDLINE, EMBASE, and the Malaria in Pregnancy 
Consortium (MiPc) Library to identify prospective cohort and randomized 
controlled trials of pregnant women exposed to artemisinins that followed 
the women through pregnancy and presented pregnancy outcomes. In 
addition, we reviewed the citations list of key publications and reached 
out to authors for additional, unpublished data. Our search identified 
22 published studies that met our inclusion criteria. Additional outcome 
data has been requested from six studies, and five studies offered to-
date to provide individual level data for analysis. The 22 studies enrolled 
26,430 women, of whom 3,772 were exposed to an artemisinin during 
pregnancy, 554 exposed during the first trimester. The proportion of 
women experiencing a stillbirth or congenital anomaly after exposure to 
an artemisinin in the 2nd and 3rd trimester of pregnancy ranged from 0% 
to 8.5% and 0% to 5.9% respectively in the study populations. Pooled 
analyses of the data are ongoing and will be presented to the World 
Health Organization as part of an Evidence Review Group on the safety of 
artemisinins in pregnancy. The results of the systematic review highlight 
the need for additional data on artemisinins exposure, especially during 
early pregnancy.

849
FOSMIDOMYCIN AS AN ANTIMALARIAL DRUG: A META-
ANALYSIS OF CLINICAL TRIALS

José F. Fernandes, Benjamin Mordmüller, Martin P. Grobusch
CERMEL Albert Schweitzer Hospital, Lambaréné, Gabon

With first indications of resistance against artemisinin compounds, the 
development of novel alternative antimalarials remains an urgent need. 
One candidate is fosmidomycin (Fos), a phosphonic acid derivative. This 
PRISMA guideline-adhering and PROSPERO registered systematic review 
and meta-analysis provides an overview of the state-of-the-art of the 
clinical development of Fos as an antimalarial. Pooling six clinical trials of 
Fos against uncomplicated malaria in African children yielded an overall 
day 28 cure rate of 85% [95% CI: 71-98%]; a parasite clearance time of 
39 hours; and a fever clearance time of 30 hours. In four adult cohorts, 
the corresponding values were 70% [95% CI: 40-100%], 49 hours 
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and 42 hours, respectively. Data suggest that, besides the partner drug, 
formulation determines efficacy. We advocate further clinical development 
Fos-combinations.  PROSPERO registration number: CRD42014013688

850
ARTEMISININ-BASED COMBINATION THERAPY EFFICACY IN 
KISUMU, WESTERN KENYA: ESTABLISHMENT AND ANALYSIS 
OF PARASITES USING THE RING-STAGE ASSAY

Hoseah M. Akala1, Reginald O. Jura2, Lorna J. Chebon3, Luiser A. 
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Artemisinin resistance leads to reduced parasite clearance rate, marked 
by higher survival rate of exposed ring-stage parasites during ring stage 
survival assay (RSA). Although adequate clinical and parasitological 
response to artemisinin-based therapies (ACTs) remain high in Africa 
including Kenya, the efficacy of these compounds must be constantly 
monitored. This study reports the establishment of RSA to monitor the 
efficacy of ACTs in western Kenya. Clinical isolates collected from field 
sites as part of routine surveillance and those from an efficacy clinical trial 
were used in the study. Patients with uncomplicated malaria were recruited 
into the study where blood samples were collected and analyzed using 
immediate ex vivo RSA. The assay was performed as previously described 
(Witkowski et al, 2013). Artemisinin sensitive (F32-TEM) and resistant 
(F32-ART) clonal lines were used as controls. A total of 102 clinical isolates 
were analyzed, 28 from the efficacy study. For the clinical isolates, the RSA 
median (interquartile range) was 0.78% (0 - 4.62). Twenty eight samples 
had RSA of 0% whereas 16 had RSA above 10%. The highest RSA values 
recorded were 58% and 60%; these were from the surveillance study 
samples. The highest RSA from the efficacy clinical study samples were 
20% and 31%. For the controls, F32-TEM had RSA of 0 (n = 6) and F32-
ART had RSA of 11% (n = 4). Genetic analyses of these samples including 
population structure and drug resistance markers are underway. Compared 
to the controls and previous reports, our data show an underlying concern 
for efficacy of ACTs in western Kenya. This is in line with our recent study 
which showed that there has been significant change in parasite genotype 
in western Kenya in recent years. Genetic analyses of the samples in 
this study should yield critical data. There is need for continued close 
monitoring of parasite genotype, phenotype and clinical dynamics in 
response to continued use of ACTs in western Kenya.

851
OBSERVED QTC PROLONGATION AND PHARMACOKINETIC 
PROFILE OF A PROGRAMMATIC REGIMEN WITH AN 
INCREASED DOSE OF DIHYDROARTEMISININ-PIPERAQUINE 
IN YOUNG CHILDREN 5-24 KG IN MALAWI

Eva Maria Hodel1, Gertrude Chapotera-Kalanda2, Tikhala 
Makhaza-Jere3, Clifford G. Banda3, Clyton A. Munthali2, Vincent 
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Dihydroartemisinin-piperaquine (DHA-PPQ) is highly efficacious against 
uncomplicated falciparum malaria. Due to its long half-life and associated 
chemoprophylactic effect, DHA-PPQ is also considered a promising 
candidate for mass drug administration in transmission reduction settings. 
However, PPQ has a relatively narrow, poorly defined therapeutic dose 
range which poses dosing challenges. Concerns particularly remain 

whether observed PPQ concentration-dependent cardiac QTc prolongation 
could vary between (and pose a clinical risk in) specific vulnerable 
population subgroups. While recent pooled efficacy and pharmacokinetic 
(PK) analyses suggest that young children require a higher weight-adjusted 
dose due to increased PPQ clearance, no paediatric cardiac safety data 
exists at these higher doses. This hampers DHA-PPQ’s safe and effective 
introduction into national control programmes. We conducted an open-
label dose optimization study to describe the population PK profile of 
PPQ and cardiac safety of a regimen with a higher average dose of 
DHA-PPQ in children of 5–24 kg with uncomplicated falciparum malaria 
[PACTR201303000506302]. Children (n = 100) received a dosing regimen 
with supervised doses of 1.7–3.8 mg/kg DHA and 13.6–30.0 mg/kg PPQ 
given once daily over three days, using whole or half-tablets (20/160 mg 
and 40/320 mg DHA/PPQ). Follow-up was 63 days. QTc was measured 
before and 4–6 h after the last dose and compared to baseline and Day 
28 using digital 12-lead electrocardiograms. No Fridericia corrected QT 
interval (QTcF) >500 ms or clinical cardiac safety signals were observed 
with this regimen. However, a substantial QTcF prolongation was 
measured 4–6 h after the last DHA-PPQ dose compared with baseline: 
Mean 54 ms, <30 ms in 13%, 30–60 ms in 49% and >60 ms in 37% of 
children. We will present the results from the population pharmacokinetic/
pharmacodynamics (PK/PD) analysis and describe the association between 
drug exposure and cardiac response. Targeted, small PK/PD safety studies 
can provide key data on subgroups and inform safe and effective DHA-
PPQ dosing regimens for control programmes.
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A QUANTITATIVE TOOL FOR ASSESSING IDEAL DRUG 
COMBINATIONS FOR MALARIA THERAPY

Wesley C. Van Voorhis1, Stephan Chalon2, Joerg J. Moehrle2, 
Stephan Duparc2, Thomas Rueckle2, Paul A. Willis2, Jeremy 
Burrows2, Timothy Wells2

1University of Washington, Seattle, WA, United States, 2Medicines for 
Malaria Venture, Geneva, Switzerland

Drug combinations are recommended for effective malaria therapy and 
to prevent emergence of resistance by the WHO and MMV. Yet we are 
not aware of quantitative criteria for assessing potential antimalarial 
combinations for their compatibility, efficacy, and safety. We developed 
a quantitative score to assess drug combinations covering marketed 
antimalarials, as well as compounds in clinical development and preclinical 
evaluation. The score includes 13 values, representing different criteria 
that are important in drug combinations, and each value can be variably 
prioritized to provide a quantitative score for the combination. These 
values are: 1) anticipated efficacy in planned use (e.g. Single Exposure 
Radical Cure and Prophylaxis [SERCaP]); 2) safety of the drugs alone 
and in combination (worse if both have the same adverse effects); 3) 
developmental stage of the drugs (later in development is better); 4) 
pharmacokinetic/dynamic compatibility (matched time above minimum 
paracidal concentration is best); 5) total dose (in mg, less is better); 6) 
anticipated co-formulation issues; 7) prophylactic activity against liver 
stages; 8) probability of emergence of resistance; 9) food effect with 
administration; 10) drug-drug interaction between the partners; 11) 
drug-drug interaction of the combinations with other drugs; 12) differing 
mechanisms of actions; and, 13) intellectual property flexibility. Applying 
these criteria, and weighting SERCaP success ten-fold, showed OZ-439 
to be an optimal partner with: KAF-156, DSM-265, and Ferroquine. This 
scoring procedure will help to clarify potential antimalarial partners to 
prioritize for further pre-clinical and clinical testing as effective malaria 
combination therapy.
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SAFETY AND EFFICACY OF REPEATED OF REPEATED 
ADMINISTRATION OF PYRONARIDINE-ARTESUNATE OR 
DIHYDROARTEMISININ-PIPERAQUINE VS ARTESUNATE-
AMODIAQUINE IN CHILDREN AND ADULT PATIENTS WITH 
ACUTE UNCOMPLICATED PLASMODIUM SP MALARIA OVER 
OF TWO YEARS PERIOD AT BANFORA/NIANGOLOKO SITES 
IN BURKINA FASO

Issiaka Soulama, Aboubacar S. Coulibaly, Jean Moise T. Kabore, 
Maurice S. Ouattara, Edith C. Bougouma, Souleymane Sanon, 
Noelie Henry, Amidou Diarra, Daouda Ouattara, Adama Gansane, 
Issa N. Ouedraogo, Alfred B. Tiono, Sodiomon B. Sirima
Centre National de Recherche et de Formation sur le Paludisme, 
Ouagadougou, Burkina Faso

The safety and efficacy of repeated administration of three ACTs 
[(pyronaridine-artesunate (PYR) or dihydroartemisinin-piperaquine (DHA-
PQ) vs artesunate-amodiaquine (ASAQ)] are in evaluation in three West 
African Countries, part of the West African Network of Clinical trials for 
AntiMalarial drugs (WANECAM).  The current study presents the partial 
data of safety and efficacy of repeated administration of PYR or DHA-PQ 
vs ASAQ over a period of 2 year in children and adults with uncomplicated 
Plasmodium sp malaria at Banfora/Niangoloko sites in Burkina Faso.  
This study is a comparative, randomized, open label longitudinal clinical 
trial involving children and adults with uncomplicated Plasmodium sp. 
malaria.  Following the screening, 763 participants were enrolled in ASAQ 
(315), DHA-PQ (224) and PYR (224) arm, from July 2012 to December 
2013. Each of the participants received during their subsequent episodes 
the same drug and went through the same trial procedures as for the 
initial episode. The partial results at the end of the enrolment in December 
2013 showed that 185 of 315 (58.7%) patients, 129 of 224 (57.6%); and 
138 of 224 (61.6%) experienced at least 2 malaria episodes and 10.8%, 
7.3% , 9.4 % experienced 5 malaria episodes in the ASAQ, DHA-PQ 
and PYR arms respectively. The average time between the first and the 
second malaria episode was statistically longer (p<0.05) in DHA (157 days) 
compared to ASAQ (135 days) and PYR (117 days) arms. Adequate clinical 
and parasitological response (ACPR) by day 28 was 93.0 %, 97.8% and 
98.2% in ASAQ, DHA and PYR arm respectively. The 42 day cure rate (not 
adjusted by PCR) was 80.3 %, 93.8% and 78.2% in ASAQ, DHA-PQ and 
PYR arms respectively. Our preliminary results confirmed the two news 
drugs (DHA-PQ and PYR) are safe and their efficacy comparable to the 
ASAQ in uncomplicated malaria treatment in high malaria transmission 
region.  The study is still ongoing to complete the follow of the all the 
patients over a period of two years.

854
MORTALITY, MORBIDITY AND DEVELOPMENTAL OUTCOMES 
IN CHILDREN BORN TO WOMEN RECEIVING EITHER 
MEFLOQUINE OR SULPHADOXINE-PYRIMETHAMINE AS 
INTERMITTENT PREVENTIVE TREATMENT OF MALARIA IN 
PREGNANCY: A RANDOMIZED CONTROLLED TRIAL

María Rupérez1, Raquel González1, Ghyslain Mombo-Ngoma2, 
Smaïla Ouédraogo3, Mwaka A Kakolwa4, Salim Abdulla4, Manfred 
Accrombessi3, John J Aponte1, Daisy Akerey-Diop2, Arti Basra2, 
Valérie Briand5, Meskure Capan2, Michel Cot5, Abdunoor M 
Kabanywanyi4, Christian Kleine6, Peter G Kremsner6, Eusebio 
Macete7, Jean-Rodolphe Mackanga2, Achille Massougbodgi3, 
Alfredo Mayor1, Arsenio Nhacolo7, Golbahar Pahlavan1, Michael 
Ramharter6, Esperança Sevene7, Anifa Vala7, Rella Zoleko-
Manego8, Clara Menéndez1

1Barcelona Institute for Global Health (ISGlobal), Barcelona, Spain, 2Centre 
de Recherches Médicales de Lambaréné, Lambaréné, Gabon, 3Faculté 
des Sciences de la Santé, Université d’Abomé y Calavi, Cotonou, Benin, 
4Ifakara Health Institute, Dodoma, United Republic of Tanzania, 5Institut 
de Recherche pour le Développement, Paris, France, 6Institute of Tropical 
Medicine, University of Tübingen, Tübingen, Germany, 7Manhiça Health 
Research Center, Manhiça, Mozambique, 8Ngounie Medical Research 
Centre, Fougamou, Gabon

Malaria infection during pregnancy confers substantial risks for the 
woman, her fetus and the newborn child. Mefloquine (MQ) has showed 
to be an effective antimalarial in sub-Saharan Africa, though controversy 
about its safety in pregnancy has been subject of debate. A recent trial 
showed that African pregnant women receiving MQ for intermittent 
preventive treatment of malaria in pregnancy (IPTp) had less clinical malaria 
than those receiving sulphadoxine-pyrimethamine (SP) while the safety 
profile was similar. Furthermore, MQ is recommended for prophylaxis 
in non-immune pregnant women travelling to endemic areas and is a 
potential partner drug in artemisinin-based combination treatment (ACT) 
recommended in pregnancy or for women of childbearing age. However, 
safety of MQ in pregnancy has been poorly assessed in children over the 
first month of life and little is known about its long-term impact on infant’s 
morbidity, mortality and development. In the context of a multicenter 
randomized controlled trial to evaluate the safety and efficacy of IPTp 
with MQ compared to SP in pregnant women from Mozambique, Benin, 
Gabon and Tanzania, 4247 newborns were followed up until 12 months 
of age. Nutritional status and psychomotor development were assessed at 
months 1, 9 and 12 and incidence of malaria, anemia, hospital admissions, 
outpatient visits and mortality calculated for their first year of life. No 
differences in the proportion of stunting, underweight, wasting and 
severe acute malnutrition at month 1, 9 and 12 of age between infants 
born to women who had IPTp with MQ or SP were found. Higher risk of 
being unable to stand without help, walk without support and bring solid 
food to the mouth were observed in the MQ group at month 9 (RR 1.07 
[95%CI 1.00-1.14] p= 0.040, RR 1.10 [95%CI 1.01-1.21] p= 0.039 and 
RR 1.32 [95%CI 1.03-1.70] p= 0.031) though no significant differences 
were found in the other psychomotor development milestones assessed. 
Incidence of malaria, anemia, hospital admissions, outpatient visits and 
mortality were similar in both groups.
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A TRIAL OF THE SAFETY OF SINGLE LOW DOSE PRIMAQUINE 
IN ADDITION TO ACTS COMMONLY USED IN SENEGAL: 
PRELIMINARY RESULTS

Roger C. Tine1, Eugenie Poirot2, Khadime Sylla1, Fatou B. Fall3, 
Paul Milligan4, Doudou Sow1, Babacar Faye1, Jean L. Ndiaye1, 
Magatte Ndiaye1, Kouakou Folly1, Oumar Gaye1

1University Cheikh Anta Diop, Dakar, Senegal, 2Global Health Group, 
University of California San Francisco, San Francisco, CA, United States, 
3National Malaria Control Program, Dakar, Senegal, 4London School of 
Hygiene & Tropical Medicine, London, United Kingdom

WHO recommends the addition of a single dose of primaquine (0.25 mg 
base/kg) to artemisinin combination treatments (ACTs) as a component 
of pre-elimination or elimination programs. However, primaquine has 
been little used in Africa and there are concerns about its safety, as the 
drug can cause acute haemolytic anaemia in individuals with G6PD 
deficiency. This open randomised controlled trial was conducted to 
assess the safety of adding low-dose primaquine to the normal ACT 
regimen in adult patients in Senegal. Patients with P. falciparum malaria 
(parasitaemia{1,000-100,000} trophozoites/μL) were randomized to receive 
treatment with ACT or ACT plus low-dose primaquine. Haemoglobin 
concentration was measured at enrolment, and on day 3 and day 7 after 
the start of treatment. G6PD status was determined for each patient 
using a qualitative field test (CareStart™). The primary outcome was the 
change in haemoglobin concentration from day 0 to day 7, which was 
compared between trial arms using analysis of covariance. Secondary 
endpoints included haemoglobin concentration on day 3 and gametocyte 
carriage on day 7. One hundred and thirteen patients (56 in the ACT arm 
and 57 in ACT plus primaquine arm) were randomized. At enrolment, 
gender, mean weight, parasitaemia, haemoglobin, and prevalence of 
G6PD deficiency were similar in the two arms. Mean haemoglobin 
concentration on day 7, was similar in primaquine and control groups 
(11.9 and 12.1 g/dL respectively). The difference in Hb concentration on 
day 7 in the primaquine group compared to controls after adjusting for Hb 
at baseline, was -0.029 (95%CI -0.51,0.45) g/dL. Haemoglobin change at 
day 7 was significantly associated with haemoglobin at enrolment, weight 
and gender. There was no evidence of an association with treatment 
drug, G6PD status, and parasiteamia at enrolment. This study provided 
preliminary evidence that the administration of single low dose primaquine 
(0.25 mg/kg) in addition to ACT treatment, to adult patients with acute 
P. falciparum malaria, is safe and does not induced significant drop in 
haemoglobin level both for G6PD normal and deficient individuals.

856
IMPACT OF SCREENING FAILURE ON RECRUITMENT 
PROCESS DURING A CLINICAL TRIAL OF THE WEST AFRICAN 
NETWORK OF CLINICAL TRIALS OF ANTIMALARIAL DRUG 
(WANECAM), BOUGOULA-HAMEAU, MALI

Bakary Fofana
Malaria Research and Training Center/USTT of Bamako, Bamako, Mali

The conduct of antimalarial’s drug or vaccine clinical trials required a 
rigorous selection of the study volunteers for their participation to the 
clinical study. The inclusion and exclusion criteria would have an impact on 
the enrollment rate in a specific study site although the prevalence of the 
disease indicates an appropriate enrollment rate at a predefined time.  The 
objective of this study was to assess the impact of the screening failure on 
the recruitment of study volunteers planned for a defined period. During 
a phase IIIb/IV multicenter clinical trial study of WANECAM, we consented 
patients with positive blood smears, performed a clinical examination 
including an Electrocardiogram (ECG) and blood draw for hematology and 
liver function tests (LFT). Patients with QTc > 450ms and/or LFTs (ALT/AST)> 
2x ULN were not eligible as well as those with Hemoglobin less than 7.0 
g/dL and females of 12 years or older with a positive urine pregnancy test 

etc. From December 17, 2012 to January 15, 2015, a total of 1380 infants 
and adult male and female with positive blood smear freely consented/
assented for the study and underwent the screening procedures. From 
them we enrolled 1173 patients in the WANECAM study. The rate of 
screening failure was 15.0%. The proportion of prolonged QTc (Bazet) 
among screening failure (n =207) was 58.7% followed by low Hemoglobin 
rate (18.4%) and Liver Function Tests (ASAT/ALAT) > 2xULN (10%). 
Details on the other exclusion criteria will be provided. When calculating 
the sample size and study duration for drug or vaccine trial, previous 
knowledge of possible causes and proportions of screening failures is 
necessary in addition to the usual parameters such as prevalence of the 
disease and loss of follow up.
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A PHASE IIA PROOF-OF-CONCEPT STUDY TO ASSESS THE 
EFFICACY, SAFETY, TOLERABILITY AND PHARMACOKINETICS 
OF SINGLE DOSES OF DSM265 IN ADULT PATIENTS WITH 
ACUTE, UNCOMPLICATED PLASMODIUM FALCIPARUM 
OR VIVAX MALARIA MONO-INFECTION OVER A 28-DAY-
EXTENDED OBSERVATION PERIOD IN IQUITOS, PERU

Thomas Rueckle1, Stephan Duparc1, Nicola Kerr1, Maria Rosario2, 
Ping Qiu3, Margaret A. Phillips4, Mark Baker1, Stephan Chalon1, 
Joerg J. Moehrle1, Martin Casapia5, Juan-Carlos Hinojosa5, 
Alejandro Llanos-Cuentas6

1Medicines for Malaria Venture, Geneva, Switzerland, 2Takeda, Cambridge, 
MA, United States, 3Takeda, Deerfield, IL, United States, 4University of 
Texas Southwestern Medical Center, Dallas, TX, United States, 5Clínica de 
la Asociación Civil Selva Amazónica, Iquitos, Peru, 6Universidad Peruana 
Cayetano Heredia, Lima, Peru

DSM265 is from a new class of antimalarial chemotherapy that inhibits 
the pyrimidine biosynthetic enzyme, dihyroorotate dehydrogenase 
(DHODH). The DHODH enzyme is essential to Plasmodium parasites, 
as they lack pyrimidine salvage pathways and require de novo synthesis 
to supply the pyrimidine source. DSM265 entered clinical development 
in 2013 and could potentially be a novel component of either a new 
combination single-dose treatment or chemoprophylaxis of uncomplicated 
malaria. Here, we discuss interim results on efficacy, safety, tolerability 
and pharmacokinetics of DSM265 when administered as single dose 
to adult patients with acute, uncomplicated Plasmodium falciparum 
or vivax malaria mono-infection in Iquitos, Peru. Beyond the primary 
objective of determining the efficacy of DSM265 as monotherapy in 
uncomplicated malaria on Day 14, we followed patients over a 28-Day-
extended observation period for parasite recrudescence/reinfection and 
safety, tolerability and pharmacokinetics of DSM265. We report data on 
post-treatment prophylaxis over the extended observation period. In a 
third part, we show how the results from the previously reported induced 
blood-stage malaria (IBSM) study using P. falciparum infected red-blood 
cells together with a refined PK/PD model and ex vivo experiments 
from field isolates guided optimal dose selection of the starting dose for 
this POC study. The independent two arm study design was adaptive 
sequential. This design allowed flexibility in dose selection of subsequent 
cohorts and thereby enabled us to calculate the PRR and MIC of DSM265 
for both Plasmodium species. 
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RANDOMIZED CLINICAL TRIAL OF AQ-13 (AN 
INVESTIGATIONAL ANTIMALARIAL) IN COMPARISON 
TO COARTEM FOR UNCOMPLICATED PLASMODIUM 
FALCIPARUM MALARIA

Ousmane A. Koita1, Sahare Fongoro1, Sounkalo Dao1, Aliou 
Sissako1, Lansana Sangare1, Trevor A. Thompson2, Bouubakar 
Diallo1, Samba Diop1, Djeneba Tamboura1, Donald J. Krogstad2

1University of Science, Technologies and Techniques, Bamako, Mali, 
2Tulane University, New Orleans, LA, United States

Our previous studies have shown that AQ-13 and other 4-aminoquinolines 
with modified side chains are active against chloroquine (CQ)-, 
mefloquine- and multi-resistant Plasmodium falciparum in vitro. 
Because previous studies have also shown that AQ-13 is as safe as CQ in 
human subjects, we performed a randomized clinical trial to test whether 
AQ-13 was as effective as artemether + lumefantrine (AL, Coartem) for 
the treatment of uncomplicated P. falciparum malaria in human subjects. 
Subjects enrolled in this study were Malian males ≥ 18 years of age 
with uncomplicated P. falciparum malaria and asexual parasite counts 
between 2,000 and 199,999 parasites per μl (NTC Clinical Trial Number 
01614964). After oral treatment with either AQ-13 (1,750 mg in doses 
of 700, 700 and 350 mg on days 1, 2 and 3) or AL (4 tablets twice daily 
x 3 days=480 mg artemether and 2880 mg lumefantrine), subjects were 
followed as inpatients on a Clinical Research Center for days 1-7 and twice 
weekly as outpatients from days 8-42. Although the second group of 33 
subjects is still being enrolled, there have been no differences between 
AQ-13 and Coartem in terms of efficacy (0 early parasitologic or clinical 
treatment failures on or before day 3 in either group, no subjects in either 
group has failed to clear all asexual parasites on or before day 7), safety 
and adverse events including ocular side effects (0 adverse events, Grade 
3, Grade 4, serious adverse events, arrhythmias or ocular side effects in 
either group). These results suggest that both AQ-13 and other AQs with 
similarly modified side chains (with 2-3 or 10-12 carbons vs. the 5 carbon 
[isopentyl] side chain of CQ) may be effective for the treatment of human 
subjects with uncomplicated malaria due to CQ-resistant P. falciparum.

859
HIGH-RESOLUTION MELT ANALYSIS TO COMPARE THE 
EFFICACY OF AN INVESTIGATIONAL ANTIMALARIAL (AQ-
13) WITH COARTEM (ARTEMETHER-LUMEFANTRINE) FOR 
TREATMENT OF UNCOMPLICATED MALARIA DUE TO 
CHLOROQUINE-RESISTANT VS. CHLOROQUINE-SUSCEPTIBLE 
PLASMODIUM FALCIPARUM

Trevor A. Thompson1, Lansana Sangare2, Aliou Sissako2, Kotou 
Sangare2, Sahare Fongoro2, Daouda Ndiaye3, Sarah K. Volkman4, 
Donald J. Krogstad1, Ousmane A. Koita2

1Tulane University, New Orleans, LA, United States, 2University of Science, 
Technologies and Techniques, Bamako, Mali, 3University Cheikh Anta Diop, 
Dakar, Senegal, 4Harvard T.H. Chan School of Public Health, Boston, MA, 
United States

The use of High Resolution Melt (HRM) analysis to distinguish between 
specific parasite genotypes during the evaluation of a candidate 
antimalarial can provide additional information about its efficacy against 
parasites that do (or do not) have the point mutation (resistance) of 
interest. To test this hypothesis, we are using HRM to identify (and 
distinguish between) chloroquine-resistant (CQ-R) and chloroquine-
susceptible (CQ-S) parasites containing the T76 and K76 point 
mutations, respectively. Because the T76 point mutation (SNP) within the 
Plasmodium falciparum chloroquine transport gene (PfCRT) is necessary 
for CQ-R, the frequency of the T76 genotype among the parasites 
causing the initial infections is being compared for subjects randomized to 
receive the investigational antimalarial (AQ-13) vs. the control treatment 
(Coartem) in a Phase 2 clinical trial of efficacy for the treatment of 

uncomplicated P. falciparum malaria. Although the mutant (T76) and 
wild-type (K76) alleles can be distinguished by gel electrophoresis after 
restriction endonuclease digestion with ApoI, that method can yield 
false-negative results for genotypes present as minority variants within a 
polyclonal infection because of the limited sensitivity of gel electrophoresis. 
In contrast, HRM can detect alleles comprising less than 10% of the 
parasites present in polyclonal infections. For this reason, we are using 
HRM genotyping to make this distinction and this assay has now been 
established and standardized at the University of Bamako within the West 
African International Center of Excellence in Malaria Research (ICEMR). 
The results obtained thus far have shown no differences between the two 
treatment groups. After the second group of 33 subjects has been enrolled 
and studied this summer, the codes for treatment groups will be broken 
during September so the uncoded results can be presented at the ASTMH 
Meeting.
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DEVELOPMENT OF A CONTROLLED HUMAN MALARIA 
INFECTION MODEL FOR THE ASSESSMENT OF 
TRANSMISSION BLOCKING INTERVENTIONS

Katharine Collins1, Maggy Sikulu1, Cielo Pasay1, Romal Stewart1, 
Paul Griffin2, Claire Wang3, Caroline Dobbin1, Stephan Chalon4, 
Joerg J. Moehrle4, James McCarthy1

1QIMR Berghofer Medical Research Institute, Brisbane, Australia, 2Q-Pharm 
Pty Ltd, Brisbane, Australia, 3QPID Pty Ltd, Brisbane, Australia, 4Medicines 
for Malaria Venture, Geneva, Switzerland

With the declining burden of malaria and the increasing focus on 
elimination the development of tools to evaluate interventions that 
interrupt transmission is assuming increasing priority. Rapid and cost-
effective evaluation of transmission-blocking drugs and vaccines requires 
a model that accurately predicts efficacy in humans. Although controlled 
human malaria infection (CHMI) studies have been used successfully 
to assess pre-erythrocytic and blood stage interventions, these current 
models do not assess the ability of interventions to interrupt Plasmodium 
falciparum transmission from humans to mosquitoes. The reason for 
this is that during CHMI, treatment must be initiated promptly once a 
threshold of asexual parasitemia is reached, thus preventing the normal 
development of gametocytes, which usually only appear after an extended 
period of asexual stage infection. In an ongoing study we are exploiting 
our observation that piperaquine treatment of blood stage P. falciparum 
infection clears asexual parasitemia and is followed by the appearance of 
gametocytes in peripheral circulation ~2 weeks post treatment. The aims 
of this clinical trial are i) determine if these gametocytes can be transmitted 
to Anopheles mosquitoes and complete the sexual stage of development, 
and ii) assess the transmission-blocking activity of the experimental 
synthetic ozonide, OZ439. The study is being undertaken in 3 cohorts of 
6 volunteers, with 2 subjects in each cohort receiving no gametocytocidal 
intervention (-ve control), 2 subjects receiving primaquine (+ve control) 
and 2 receiving OZ439. Parasitemia and gametocytemia will be monitored 
by qPCR and following gametocyte detection, transmission studies will 
be performed using both direct feeds on volunteers and direct membrane 
feeding assays on venepuncture blood. Successful mosquito infection will 
be determined by oocyst/sporozoite visualisation and confirmed by qPCR. 
This study aims to develop and optimise a reproducible model that can 
assess both gametocytocidal and transmission-blocking activity for the 
rapid selection of effective drugs and vaccines. Results of this trial will be 
presented.
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EXPLORATION OF 5-AMINOPYRAZOLE-4-CARBOXAMIDE AS 
POTENTIAL MALARIA TRANSMISSION BLOCKING THERAPY

Kayode K. Ojo1, Wenlin Huang1, Mark Kennedy2, Zhongsheng 
Zhang1, Kasey L. Rivas1, Ryan Choi1, Matthew A. Hulverson1, Molly 
C. Reid1, Katelyn R. Keyloun1, Scott E. Lindner2, Lynn K. Barrett1, 
Erkang Fan1, Ethan A. Merritt1, Wesley C. Van Voorhis1

1University of Washington, Seattle, WA, United States, 2Pennsylvania State 
University, University Park, PA, United States

Currently available drugs to treat malignant malaria, caused by 
Plasmodium falciparum, kill the asexual blood stage parasites and 
treat the symptoms, but do not kill the gametocytes, and do not stop 
transmission of malaria to mosquitoes. Thus, the vicious cycle of malaria 
continues, leading to an estimated 584,000 deaths a year. Effective 
control and eradication of malaria will require new tools to prevent 
transmission of P. falciparum. We previously established the efficacy 
of a pyrazolopyrimidine (PP) scaffold of bumped kinase inhibitors (BKIs) 
in malaria transmission blocking. BKIs block transmission of malaria to 
mosquitoes by inhibition of P. falciparum calcium dependent protein 
kinase 4 (PfCDPK4), which blocks exflagellation of P. falciparum male 
gametocytes. We explored alternative inhibitor scaffolds, and report 
here the design of malaria transmission blocking inhibitors with a 
5-aminopyrazole-4-carboxamide (AC) scaffold that specifically exploits 
the PfCDPK4 atypical gatekeeper pocket. We characterized the AC BKIs 
for inhibition of PfCDPK4 and P. falciparum gametocyte exflagellation. 
To date, 28 compounds have been found to inhibit PfCDPK4 with an 
IC50 of <100 nM and a further 7 with IC50 of <50 nM. In addition, 26 
compounds reduced parasite exflagellation by >50% at 1 μM, Most 
of these compounds lacked evident toxicity issues, in that at >10uM, 
there was no inhibition of the mammalian kinase Src, hERG activity, or 
proliferation two mammalian cell lines, CRL8155 and HepG2. The AC BKIs 
will be further optimized, through iterative study using in vitro and in 
vivo PK and toxicity models, to optimize clinical safety and efficacy, with 
long-lasting transmission blocking exposure. The AC and PP BKI scaffolds 
have yielded valuable compounds to block transmission and show promise 
to help malaria control and eradication programs.
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DEFINING EFFECTIVE, APPROPRIATE, IMPLEMENTABLE 
STRATEGIES FOR MALARIA ELIMINATION IN MILITARY 
FORCES IN CAMBODIA AS A MODEL FOR MOBILE 
POPULATIONS

Chanthap Lon1, Jessica Manning1, Sok Somethy2, Soklyda 
Chann1, Sabaithip Sriwichai1, Huy Rekol3, Lek Dysoley3, Muth 
Sinoun3, Prom Satharath4, David Saunders1
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Control, Phnom Penh, Cambodia, 4Ministry of National Defense, 
Department of Health, Phnom Penh, Cambodia

Multidrug resistant malaria remains a critical public health problem in 
Southeast Asia despite intensive containment efforts. This has led to 
refocused efforts on malaria elimination, and Cambodia has declared an 
ambitious goal of achieving elimination by 2025. However, important 
gaps remain in case management, service delivery, prevention, and 
vector control, particularly in hard-to-reach mobile populations including 
military personnel, an under-recognized malaria transmission reservoir. 
The operational elements of a comprehensive malaria elimination 
initiative in mobile and migrant populations in Southeast Asia have 
yet to be rigorously tested in a clinical trial design. We will conduct 
a two-arm, controlled, cluster-randomized, open-label pilot study to 
determine the effectiveness of monthly malaria prophylaxis (MMP). 
Monthly dihydroartemisinin-piperaquine and weekly low dose primaquine 

for 3 months will be compared to a focused screen and treat (FSAT) 
strategy following recently updated Cambodian national treatment 
guidelines. Military encampments will be randomized to the MMP or FSAT 
intervention in order to treat a total of up to 1200 soldiers. In addition, 
each site will be randomized to a single-blind treatment of duty uniforms 
with permethrin to guard against outdoor biting mosquitoes, or sham 
treatment with water. Conventional malaria microscopy with be compared 
with RT-PCR and rapid diagnostic testing. All G6PD deficiency screening 
will be done via two commercially available rapid diagnostic tests, 
qualitative and quantitative testing to allow for comparison. By including 
all currently available screening, preventive, and diagnostic modalities, 
the study aims to identify whether elimination is currently possible and to 
determine the most cost-effective and efficient approaches in the military 
as a model mobile population in Cambodia.
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OPTIMIZING ALLOCATION OF COMMUNITY HEALTH 
WORKERS USING A NOVEL GEOSPATIAL TOOL IN NAMIBIA

Christopher Lourenço1, Charlotte Dolenz1, Stark Katokele2, Nick 
Ruktanonchai3, Andrew J. Tatem3, Arnaud Le Menach1, Justin M. 
Cohen1, Bradley Didier1

1Clinton Health Access Initiative, Boston, MA, United States, 2National 
Vector-borne Diseases Control Programme, Windhoek, Namibia, 
3University of Southampton, Southampton, United Kingdom

Namibia’s malaria burden continues to decrease from 439,760 cases in 
2002 to 4,745 in 2013. However, the country is challenged by having 
one of the lowest population densities in Africa, with people distributed 
unevenly across enormous distances. It is reported that over 60% of 
the rural population need to walk to the nearest health facility, the 
majority of which are 3-4 hours away. Increasing access to healthcare at 
the community level was supported by the rollout of community health 
workers (CHWs) in 2014. The initial placement of CHWs was evenly 
distributed and the National Vector-borne Diseases Control Programme 
(NVDCP) sought advice on how to best re-allocate CHWs to ensure 
maximized coverage of communities in need. For the efficient allocation 
of resources, CHWs should be placed in highly populated communities 
where there is limited access to healthcare and a high malaria transmission 
potential. Allocation was prioritized in communities with the greatest 
population density (>5 people per square km), highest predicted risk 
of malaria (incidence >5 cases per 1000), and with location furthest 
from health facilities, based on expert recommendations from the 
NVDCP. The ideal CHW allocation resulting from this analysis suggested 
targeting 625 priority villages out of the 6988 endemic villages (8.9%) 
and comparison of the recommended deployment with current CHW 
locations demonstrates substantial gaps in recent CHW placement. This 
methodology was translated into a simple, web-based dashboard, which 
does not require any advanced geospatial analysis skills and could be 
accessed by the NVDCP and regional partners. In an elimination setting, 
malaria burden is dynamic, and CHW placement should be iteratively 
reassessed and updated as the epidemiology of malaria evolves. The 
findings for the allocation of CHW in Namibia will be used to plan for the 
next malaria season in 2016, while this methodology could be beneficial 
for resource allocation in other elimination settings.
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864
MASS SCREENING AND TREATMENT DOES NOT IMPACT 
MALARIA INCIDENCE IN WEST TIMOR, INDONESIA

Inge Sutanto1, Ayleen A. Kosasih1, Iqbal Elyazar2, Deddy R. 
Simanjuntak1, Tri A. Larasati1, Sopiyudin Dachlan3, Isra Wahid4, 
Kevin Baird2, Ivo Mueller5, Rita Kusriastuti6, Asik Surya6, William 
Hawley7, Neil F. Lobo8

1Faculty of Medicine, University of Indonesia, Jakarta, Indonesia, 2Eijkman-
Oxford Clinical Research Unit, Jakarta, Indonesia, 3PT Epidemiologi 
Indonesia, Jakarta, Indonesia, 4Faculty of Medicine, University of 
Hasanudin, Makasar, Indonesia, 5Infection and Immunity Division, Walter 
and Eliza Hall Institute, Melbourne, Australia, 6Communicable Disease 
Control, Ministry of Health, Jakarta, Indonesia, 7Centers for Disease 
Control and Prevention, Atlanta, GA, United States, 8Eck Institute for 
Global Health, University of Notre Dame, Notre Dame, IN, United States

Mass screening and treatment (MST) is an intervention strategy used 
in Indonesia towards the goal of eliminating malaria. The aim of this 
study was to identify the impact of two regimens of MST on malaria 
incidence and prevalence in a region of moderate malaria transmission. 
Inhabitants (n=1,868) of 3 villages (Lamea, Seserai and Weoe) and 
1 hamlet (Metanamasi) in Belu Regency, West Timor, were randomly 
allocated into 3 arms, i.e. one that received MST twice (arm-1, n=649) in 3 
months, an arm that received MST only once (arm-2, n=422) and a control 
arm that did not receive MST (arm 3=777) during the same time span. 
Dihydroartemisinin-piperaquine plus primaquine was used to treat positive 
cases based on microscopic blood slide results. The malaria status of a 
cohort of primary school children from these 3 arms were also examined 
monthly for 6 months Results of the study will be presented.

865
SERIAL MOLECULAR IDENTIFICATION TO CONFIRM THE 
PRESENCE OF PLASMODIUM KNOWLESI IN INDONESIA

Farah Coutrier1, Chris Cotter2, Yusrifar K. Tirta1, Alanna 
Schwartz3, Iska Zarlinda1, Herdiana H. Basri4, Jutta Marfurt5, 
Nicholas Anstey5, William A. Hawley6, Asik Surya7, Brittany 
Zelman2, Iveth J. Gonzales8, Bryan Greenhouse3, Roly D. Gosling2, 
Michelle S. Hsiang9, Rintis Noviyanti1
1Eijkman Institute for Molecular Biology, Jakarta, Indonesia, 2Malaria 
Elimination Initiative, Global Health Group, University of California San 
Francisco, San Francisco, CA, United States, 3Department of Medicine, 
University of California San Francisco, San Francisco, CA, United States, 
4United Nation Children’s Fund, Aceh, Indonesia, 5Menzies School of 
Health Research, Darwin, Australia, 6Centers for Disease Control and 
Prevention, Atlanta, GA, United States, 7National Malaria Control 
Programme – Indonesian Ministry of Health, Jakarta, Indonesia, 
8Foundation for Innovative New Diagnostics, Geneva, Switzerland, 
9University of Texas Southwestern Medical Center, Dallas, TX, United States

In order to achieve malaria elimination, intervention efforts must target 
all Plasmodium species, including zoonotic ones. The use of sensitive 
and specific molecular detection of malaria parasites can address this 
challenge. We introduced the use of molecular detection for reactive case 
detection of malaria in Aceh Besar District, Aceh Province, Indonesia, an 
area in the pre-elimination stage with known endemicity of P. vivax (Pv) 
and P. falciparum (Pf), but not P. knowlesi (Pk). Plasmodium-specific 
loop-mediated isothermal amplification (LAMP) was performed on dried 
blood spots collected from microscopy confirmed cases identified at 5 
sentinel health facilities as well as family members and neighbors residing 
within the reactive case detection radius. From June 2014 - March 2015, 
passive and active case detection (testing 778 household members and 
neighbors of passively detected cases) using microscopy detected 20 cases 
(7 Pf, 11 Pv, 1 P. malariae, 1 suspected Pk). LAMP detection confirmed 
microscopy findings and identified 3 additional submicroscopic infections 
in the community. Plasmodium speciation by nested PCR targeting the 
cytochrome b (cytb) gene followed by restriction digests were done and 

confirmed some but not all of the microscopy results (4 Pf, 1 Pm and 1 
suspected Pk cases were identified as Pv). Further PCR and sequencing of 
P. knowlesi-specific small subunit ribosomal RNA gene identified that 7 
of 21 cases identified as Pv by cytb-PCR were actually Pk, including one 
found in active case detection. We report the first cases of Pk identified 
in Indonesia outside of Borneo island, through passive and active case 
detection. Pk detection by microscopy is difficult because the morphology 
of different stages of Pk life-cycle is very much similar to other malaria 
species. Moreover, commonly used molecular methods mis-identify Pk 
as Pv. These findings pose challenges to areas with P. vivax and possible 
P. knowlesi endemicity, particularly those aiming to eliminate malaria. 
Simple molecular methods to detect all Plasmodium species are needed 
to support malaria control and elimination efforts.

866
HOUSING QUALITY AS A POTENTIAL RISK FACTOR FOR 
LOCALLY ACQUIRED MALARIA INFECTION IN SWAZILAND

Nomcebo Mkhonta1, Deepa Pindolia2, Nyasatu Ntshalintshali3, 
Joseph Novotny4, Mi-suk Kang Dufour5, Roly Gosling6, Arnaud Le 
Menach2, Justin Cohen2, Bryan Greenhouse5, Michelle Hsiang6, 
Simon Kunene1
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Poor housing quality may contribute to mosquito exposure and increase 
risk of malaria infection, but evidence in elimination settings is lacking. 
Here, surveillance data was used to study the association between housing 
quality and locally-acquired infection in Swaziland. Subjects were malaria 
index cases detected through passive surveillance and their household 
and community contacts screened in reactive case detection from August 
2012 to January 2015. Cases were defined as Loop-mediated isothermal 
amplification (LAMP) positives with no travel history and controls as LAMP 
negatives with no travel history. Housing quality was defined using wall, 
roof and window type variables, which were then combined to develop 
a composite housing quality index. Bivariate and multivariable logistic 
regressions, adjusted for household-level clustering, were used to analyze 
relationships between infection, housing quality and other risk factors. 
Of the 993 index cases, 840 (85%) received a LAMP test and 102 (12%) 
were locally-acquired cases. Of the 11,464 people screened, 11,079 
(97%) received a LAMP test and 138 (1%) were locally-acquired cases. In 
bivariate model with separate housing quality predictors, higher odds of 
infection were associated with poor quality external wall (OR 2.1 95%CI 
1.4-3.1), poor quality internal wall (OR 1.8 95%CI 1.2-2.7) and poor 
quality roof (OR 2.1 95%CI 1.4-3.2). Higher infection odds were also 
associated with farming and manual labour occupations (OR 2.5 95%CI 
1.6-3.9). In the multivariable model, only poor quality external wall was 
associated with higher infection odds (OR 2.5 95%CI 1.3-4.9). Overall, 
poor housing was associated with higher infection odds in bivariate (OR 
1.7 95%CI 1.2-2.5) and multivariable models (OR 1.8 95%CI 1.2-2.8). 
Insecticide-treated bed net use and sleeping under a sprayed structure 
were associated with non-significant reductions in infection odds. There 
were no associations with age, gender, region and nationality. Housing 
quality was an important determinant of locally-acquired infection in 
Swaziland, suggesting improved housing as a potential elimination 
strategy.
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867
LEVERAGING COMMUNITIES TO PURSUE MALARIA 
ELIMINATION: A COMPARISON OF NATIONAL-LEVEL 
CERTIFICATION TO VILLAGE-LEVEL CERTIFICATION AND 
SUBSEQUENT EFFECTS ON COMMUNITY ENGAGEMENT

Jillian Berkowitz1, Daniel J. Bridges1, Matthew Burns1, Anna 
Winters1, David A. Larsen2

1Akros, Lusaka, Zambia, 2Syracuse University, Syracuse, NY, United States

The World Health Organization certifies malaria elimination exclusively at 
the national scale and has no mechanism to certify smaller geo-political 
units as malaria free. This certification process fails to recognize that 
malaria epidemiology is highly heterogeneous and smaller geo-political 
units may become malaria free long before an entire country. The WASH 
sector, in contrast, certifies open defecation free (ODF) status at village-
level. The use of smaller geo-political units in the WASH sector has two 
advantages: 1) it drives the construction and use of latrines and hand 
washing stations and 2) it engenders community engagement. In Zambia, 
real-time feedback of WASH data to villages regarding their success or 
failure in attaining ODF status has resulted in great gains in the number of 
ODF villages. ODF status has been achieved at district-level in Chiengi (the 
first district in sub-Saharan Africa to achieve this certification) and other 
districts are close. The direct connection between those responsible for 
action at village-level and the certification of ODF status has fostered the 
community-driven progress in Zambia’s WASH sector. Related to malaria 
elimination, several districts in Southern Zambia have made great progress 
towards eliminating malaria transmission, including the capital city, Lusaka. 
With certification for “malaria free” only applying at national level, 
however, a country like Zambia which possesses high heterogeneity of 
malaria transmission is far from country-wide attainment. We propose that 
sub-national certifications of malaria elimination or even a muted “malaria 
safe” designation at the facility or village level would better engage 
and empower communities to achieve and sustain malaria-prevention 
behavioral change and eventually malaria elimination. Additionally, we 
suggest a sub-national malaria elimination framework to catalog and 
communicate decentralized malaria elimination status and to better 
motivate communities and provide evidence that efforts are continuing to 
shrink the malaria map.

868
MAPPING OF POPULATION MOVEMENT PATTERNS AND 
ESTIMATING OF IMPORTED MALARIA IN MALARIA-FREE 
JAVA/BALI IN INDONESIA

Iqbal Elyazar
Eijkman-Oxford Clinical Research Unit, Jakarta, Indonesia

Controlling and eliminating malaria in Indonesia is a challenging endeavor. 
About 60% of Indonesian lives the islands of Java and Bali where 
malaria-free and low risk of infection zones occur. However, sustaining 
this achievement and preventing the re-introduction of malaria will be 
very difficult. These movements incur substantial risk of importing and 
re-establishing malaria transmission on islands that have eliminated 
malaria. This project is designed to quantifying population movements, 
along with understanding the geographic and demographic dimensions 
of such movements, as the key to combating threats to sustaining 
elimination. Knowing the importation risks, high risk visit periods and 
the most important paths of malaria importation will allow malaria 
control authorities to design interventions that can reduce transmission 
in all regions that are primary sources of infected travelers. Techniques 
to estimate specific patterns and numbers of human movements using 
mobile phone usage data among the islands will be explained.

869
TOWARDS MALARIA ELIMINATION: ETHNOGRAPHIC AND 
MALARIA EPIDEMIOLOGICAL RESEARCH IN EASTERN 
INDONESIA

Lenny L. Ekawati
Eijkman-Oxford Clinical Research Unit, Jakarta, Indonesia

Malaria continues to be a severe public health problem in Indonesia 
with approximately 130 million Indonesians living at risk. In the absence 
of effective prevention, appropriate treatment-seeking behavior and 
accessibility of adequate health services are essential for decreasing the 
risk of severe complications, deaths and transmission of the disease. This 
cross-sectional study aimed to investigate factors affecting treatment-
seeking in 3 malaria-endemic communities in Alor district in eastern 
Indonesia. Mixed (qualitative/quantitative) methods used, include (1) a 
GPS-aided household census to enumerate the study population (n=3077); 
(2) ethnographic research, including observations and semi-structured 
interviews with community members and health care providers (n=44); 
(3) a structured community-based survey (n=350) and semi-structured 
interviews with health care providers (n=6), and a check of diagnostic 
facilities and malaria treatment records at the field sites. Guided by a 
socio-ecological framework, thematic content analysis identifies different 
spheres of influence on malaria-treatment seeking behavior, including local 
(mis-)understandings about the disease and its transmission, as well as 
competing socio-economic concerns at the individual and social levels, and 
the lack of adequate diagnostic and treatment facilities at the structural 
level. Multiple regression analyses explore associations of personal and 
socio-economic correlates with appropriate treatment-seeking behavior. 
This study highlights that in order to address the needs of populations 
in malaria-endemic areas in eastern Indonesia, we must understand the 
complexity of multiple interacting factors, avoiding simplified assumptions 
about obstacles to appropriate treatment-seeking behaviors.

870
CHARACTERIZATION AND ANTIBIORESISTANCE OF 
CULTURABLE MICROFLORA BACTERIA IN THE MIDGUT OF 
ADULT ANOPHELES GAMBIAE AND AN. COLUZZII

Aminata Fofana1, Mathilde Gendrin2, Ibrahim Sangare3, 
Soufiane Sanou4, Soumeya Wangraoua5, Aly Drabo5, George 
Christophides2, Jean Bosco Ouedraogo1, Rakiswendé Serge 
Yerbanga1
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Sanou Sourou, Bobo-Dioulasso, Burkina Faso, 5Centre Muraz, Bobo-
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The bacterial microbiota colonizing the mosquito midgut plays an 
important role in interactions between mosquitoes and parasites, thus 
modulating the level of malaria transmission. Characterization of the 
bacterial flora living in the mosquito vector of malaria may inform new 
control strategies aiming to reduce malaria transmission. In this study, 
we isolated and identified the bacteria flora present in the gut of adults 
female Anopheles by conventional in vitro culture techniques and 
sequencing. To verify the stability of paratransgenesis bacteria candidate 
and refractoriness bacteria pathogens for human, we evaluated the 
susceptibility of bacteria flora isolated in the midgut of An. coluzzii 
and An. gambiae. We showed that the composition of the midgut 
bacteria in field-collected mosquitoes exhibits a great variability in 
contrast to laboratory-reared mosquitoes, which could be explain by the 
bacterial richness of the larval habitats. Among the isolated bacteria, 
Enterobacteriaceae and Staphyloccocacea families were most prevalent. A 
species-specifics association, An. coluzzii and An. gambiae has founded. 
We also observed interest bacteria as Asaia sp and Pantoea sp for 
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paratransgenesis and potentially pathogenic bacteria for Human such as 
Escherichia coli, Serratia ficaria or Klebsiella pneumonia. The antibiotic 
susceptibility test showed that the ideal candidate of paratransgenesis 
were sensitive an different antibiotics using abusively in Burkina Faso.

871
FOUL WIND, SPIRITS AND WITCHCRAFT: ILLNESS 
CONCEPTIONS AND HEALTH-SEEKING BEHAVIOR FOR 
MALARIA IN THE GAMBIA

Sarah O’Neill1, Charlotte Gryseels1, Susan Dierickx1, Julia 
Mwesigwa2, Joseph Okebe2, Umberto d’Alessandro2, Koen Peeters 
Grietens1

1Institute of Tropical Medicine, Antwerp, Belgium, 2Medical Research 
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As the disease burden in the Gambia has reduced considerably over the 
last decade, heterogeneity in malaria transmission has become more 
marked, with infected but asymptomatic individuals maintaining the 
reservoir. The identification, timely diagnosis and treatment of malaria-
infected individuals are crucial to further reduce or eliminate the human 
parasite reservoir. This ethnographic study focused on the relationship 
between local beliefs of the cause of malaria and treatment itineraries 
of suspected cases. An ethnographic qualitative study was conducted 
in twelve rural communities in the Upper River Region and the Central 
River Region in the Gambia. The data collection methods included in-
depth interviews, participant observation, informal conversations, and 
focus group discussions. While at first glance, the majority of people 
seek biomedical treatment for ‘malaria’, there are several constraints 
to seeking treatment at health centres. Certain folk illnesses, such as 
Jontinooje and Kajeje, translated and interpreted as ‘malaria’ by healthcare 
professionals, are often not considered to be malaria by local populations 
but rather as self-limiting febrile illnesses - consequently not leading to 
seeking care in the biomedical sector. Furthermore, respondents reported 
delaying treatment at a health centre while seeking financial resources, 
and consequently relying on herbal treatments. In addition, when malaria 
cases present symptoms such as convulsions, hallucinations and/or loss 
of consciousness, the illness is often interpreted as having a supernatural 
aetiology, leading to diagnosis and treatment by traditional healers. In 
conclusion, although malaria diagnostics and treatment seeking in the 
biomedical sector has been reported to be relatively high in the Gambia, 
local symptom interpretation and illness conceptions can delay or stop 
people from seeking timely biomedical treatment, which may contribute 
to maintaining a parasite reservoir of undiagnosed and untreated malaria 
patients.

872
INTENSIFYING SURVEILLANCE OF ANTIMALARIAL MULTI-
DRUG RESISTANCE IN THE CAMBODIAN NATIONAL 
CONTROL PROGRAM BY INTEGRATING GENETIC 
EPIDEMIOLOGY INTO ROUTINE ACTIVITIES OF VILLAGE 
MALARIA WORKERS

Rekol Huy1, Sara E. Canavati2, Rithea Leang1, Jack S. Richards3, 
Olivo Miotto4, Arjen M. Dondorp5
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Drug resistant Plasmodium falciparum parasites are the most serious 
threat to malaria control in Cambodia and to the Greater Mekong System 
(GMS). Monitoring of genetic markers of drug resistance and parasite 
diversity provides an important tool for mapping the geographical 
distribution of resistance and for identifying subpopulations of parasites. 
This can be used to respond to local outbreaks of malaria by distinguishing 
clonal expansion of multidrug resistant parasites from other causes 
of increased transmission. Furthermore, through the application of 
population genetics and mathematical modelling, geographical corridors 
of spread of resistance can be identified, informing intervention policies. 
We have established a genetic epidemiological surveillance system to 
guide malaria elimination in Cambodia, in particular targeting multidrug 
resistant falciparum malaria. The system leverages on an existing malaria 
information system (MIS) which records slide-confirmed malaria cases data 
notified by village health workers (VMWs) or health facility staff in 2539 
villages in endemic areas of Cambodia. VMWs and other health facility 
staff provide a first point of care by diagnosing and treating malaria cases, 
and collect basic epidemiological data on age, sex, location, pregnancy 
status, and likely location of infection. To support genetic surveillance, 
the collection of dried blood spot (DBS) samples on filter paper for all 
confirmed cases of falciparum and mixed species infection has been 
integrated in the routine diagnosis and treatment workflow. Samples 
are then routed for processing and genotyping using existing sample 
referral mechanisms; the resulting data is used to create maps of markers, 
population analyses and mathematical modelling. Here, we describe the 
initial phases of implementation of this new approach to surveillance and 
its findings. The National malaria control program of Cambodia aims to 
intensify elimination efforts by further integrating genetic epidemiological 
approaches into village-based surveillance programs.

873
IMPLEMENTING ENHANCED HIGH-RESOLUTION 
SURVEILLANCE USING SPATIAL DECISION SUPPORT SYSTEMS 
(SDSS) TO GUIDE TARGETED RAPID RESPONSE IN MULTI-
DRUG RESISTANT AREAS OF VIETNAM

Gerard C. Kelly1, Thang X. Nguyen2, Thang D. Ngo2, Andrew A. 
Lover1, Hung Q. Pham1, Nicholas Martin3, Xa X. Nguyen2, Anh Q. 
Nguyen2, Thinh D. Ngo2, Duong T. Tran2, Colin Ohrt1

1University of California, San Francisco, Hanoi, Vietnam, 2National Institute 
of Malariology, Parasitology and Entomology, Hanoi, Vietnam, 3Naval 
Medical Research Center-Asia, Singapore, Singapore

Emerging untreatable malaria in the Greater Mekong Subregion (GMS) 
could result in a public health disaster when it reaches Africa. A project 
was established to research, develop and implement enhanced surveillance 
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and targeted appropriate intervention measures to stop the spread of 
multi-drug resistant malaria through elimination of the disease in the 
region. The aims of the project are to implement a spatial decision support 
system (SDSS) approach to conduct high-resolution surveillance to guide 
swift and targeted responses. Sites have been established in Phu Yen 
and Quang Tri Provinces of Vietnam. Publically available topographic 
geographic information have been uploaded as baseline information. 
In Phu Yen province, 4683 households with 17653 people have been 
georeferenced. Seventy five current and recent malaria cases have 
linked to the geolocated households. Only 5-10% acquired malaria at 
the household level. Most patients could specifically identify the likely 
transmission location where they were 8-16 days (liver incubation period) 
earlier. Remote area geographic reconnaissance data is currently being 
systematically collected from the largely forested transmission locations. 
Data with GPS coordinates are being collected with handheld computers 
and inexpensive smart phones using Open Data Kit (ODK). All new 
cases are being reported within 24 hours on smart phones. Current and 
historical case and entomology data are being captured to automatically 
classify transmission foci and generate response areas-of-interest (AOI). 
Supporting data (e.g. population, indoor residual spraying status, bed need 
distribution/use, location and number of sleeping locations) will be used to 
automatically produce output for village health workers and district level 
units to mobilize appropriate responses. The current project, ending in 
August 2015, will allow the full SDSS system will be presented. This new 
approach utilizes novel geo-spatial tools to support targeted, appropriate 
and aggressive response measures to support malaria elimination in areas 
of global significance.

874
MALARIA CASE INVESTIGATION IN SENTINEL SITES IN 
VIETNAM

Xa X. Nguyen1, Hung Q. Pham2, Duong T. Tran1, Thang X. 
Nguyen1, Andrew A. Lover2, Nicholas Martin3, Anh Q. Nguyen1, 
Colin Ohrt2, Thang D. Ngo1
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Medical Research Center-Asia, Singapore, Singapore

The National Malaria Control Program in Vietnam established seven 
sentinel sites in areas of different malaria endemnicity in Vietnam in 2014 
in preparation for malaria elimination by 2030. One component of this 
project involved case interviewers to better understand the factors leading 
to on-going malaria transmission. Between July 2014 and March 2015, 
322 confirmed malaria cases were interviewed in 4 provinces as follows: 
Binh Phuoc 217, Phu Yen 72, Gai Lai 31 and Lai Chau 1. Sixty-one percent 
of cases were reported as Plasmodium falciparum, 34% P. vivax and 
4% both species. 97.5% of cases had a diagnosis by microscopy, 80% 
both microscopy and RDT and the remainder only RDT. The concordance 
rate between the diagnostic tests was very high. Of the 214 cases with 
available data, 86% reported a diagnosis made within two days or fewer 
from the onset of symptoms. P. falciparum cases were treated with 
dihydroartemisinin-piperaquine and P. vivax with chloroquine. For both 
species, 98% were given primaquine according to national guidelines. 
Follow-up on day 3 was conducted in 134 people; only one person had 
not cleared parastiemia. Overall, 16% of patients were women, ranging 
from 8% in Phu Yen to 39% in Gai Lai (p <0.001), while 11% of cases 
were in children < 16 years. Sixty percent of cases were reported from 9 
different ethnic minority groups. The probable transmission locations were 
described as follows: at home 6%, in the forest or on a forest-fringe farm 
47%, and while traveling 26%. For 102 cases (32%), the transmission site 
was suspected to be across borders, of which Cambodia was specifically 
mentioned in 42. Of the cases from Cambodia, 79% were Pf, all were 
in men and 83% occurred in forest workers. Of the 163 individuals 
asked, 30% reported knowing of family or neighbors who had malaria 
recently. Information presented here reveals that the quality of malaria 
diagnosis and treatment is good in the public health sector in Vietnam. 
This questionnaire is now being rolled out all malaria-endemic areas in 

Vietnam. In Phu Yen province, additional information are now being 
captured to more specifically identify transmission locations in preparation 
for pilot implementation of reactive case detection.

875
AN EXTENDED MOLECULAR BARCODE FOR TRACKING 
PLASMODIUM FALCIPARUM PARASITE POPULATIONS
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Daniel L. Hartl3, Daniel E. Neafsey2, Sarah K. Volkman1, Dyann F. 
Wirth1
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Major epidemiological shifts associated with the transition toward 
malaria-elimination are mirrored by changes in the genetic diversity of 
malaria parasite populations. These genetic signatures can be monitored 
using population genetic-based tools to determine efficacy of malaria 
intervention efforts prior to measurable changes in disease prevalence. 
We sought to develop a genotyping tool that would detect key changes in 
parasite population structure as transmission declines that would be cost-
effective and applied to large-scale population analysis. We also wanted a 
tool that would facilitate our understanding of basic biological processes 
of parasite transmission. Thus, we strategically increased the number 
of informative loci to develop a readily deployable and robust panel of 
single nucleotide polymorphism (SNP) assays comprising an extended 
molecular barcode. The extended barcode assays, designed using Agena’s 
(Sequenom) mass spectrometry-based technology include SNPs exhibiting 
high minor allele frequency and low divergence (e.g. FST), filtered from 
screening over 500 whole genome sequenced samples. We found 99% 
concordance across a set of previously sequenced monogenomic samples, 
identified the limit of detection (50 pg/ul), and found the dynamic range 
of the minor allele could be accurately resolved when present > 10-
15% of the sample. The increased number of loci and allele frequency 
information improve our ability to predict the number of distinct parasite 
genomes in samples with higher complexity of infection. In silico 
barcodes, derived from whole genome sequencing data, demonstrate 
the extended barcodes utility for detecting ancestry among parasites on a 
more cost-effective basis compared to whole genome sequencing. Agena 
assay concordance across clinical samples using DNA extracted from 
monogenomic samples collected on filter paper from Senegal was 98% 
concordant with Taqman genotyping. We are now applying this extended 
barcode approach to follow changing population genetic signals in Africa 
as campaign interventions such as mass drug administration are being 
applied toward malaria elimination.

876
USE OF SURVEILLANCE AND MOBILE PHONE DATA TO 
PREDICT SPATIAL PATTERNS OF MALARIA TRANSMISSION 
AND INFORM TARGETED INTERVENTION STRATEGIES IN 
HAITI

Darlene Bhavnani1, Nick Ruktanonchai2, Gedeon Gelin1, Luis M. 
Perez1, Kimberly E. Mace3, Andrew J. Tatem2, Michelle Chang3, 
Jean F. Lemoine4, Justin M. Cohen1, Arnaud Le Menach1
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To achieve malaria elimination goals with limited resources, national 
programs will need to design and target interventions strategically. Spatial 
targeting of interventions can be guided by understanding heterogeneity 
of risk and human movement between areas of differential risk. We 
assessed risk and exportation of malaria via human movement across 
Haiti, where the national program aims to interrupt local transmission by 
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2020. Malaria Test Positivity Rates (TPR) among symptomatic individuals, 
reported to the national sentinel site surveillance system (2011-2013), 
were combined with demographic and ecological covariates using logistic 
regression to predict spatial patterns of transmission. The resulting 
risk map was overlaid with human mobility patterns predicted using 
anonymized mobile phone call data records from September to November 
2010. Geographic communities with highly connected infected individuals 
were identified and within communities, administrative units likely to 
export infection were highlighted. We estimated that 15-30% of Haiti’s 
population lived in areas of medium to high transmission risk (TPR >15%). 
Combining risk with mobility data, Haiti was divided into six communities, 
between which travel is relatively low but, within which there is likely 
substantial movement of infected individuals. Malaria exportation rates 
and the number of cases exported by administrative unit were estimated. 
While any combination of these results can be used for geographic 
targeting of interventions, we highlighted three administrative units in 
each community with the highest exportation rates. For optimal efficiency, 
malaria interventions may be targeted within a community simultaneously, 
reserving those most aggressive for high risk foci that export infection. At 
the same time, strong passive surveillance should be maintained across the 
country. Although use of TPR to estimate risk is limited by health seeking 
behavior and diagnostic practices, evidence generated by the combination 
of surveillance and mobility data can help programs design targeted 
interventions to interrupt local malaria transmission.
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TEMPORAL INSTABILITY OF SPATIAL CLUSTERS OF 
PLASMODIUM FALCIPARUM INFECTION IN AN AREA OF 
LOW MALARIA TRANSMISSION IN SOUTHERN ZAMBIA

Kelly M. Searle1, Timothy Shields1, Jailos Lubinda2, Harry 
Hamapumbu2, Tamaki Kobayashi1, Philip E. Thuma2, Frank 
Curriero1, William J. Moss1
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The spatio-temporal dynamics of malaria transmission are not well 
characterized in areas transitioning from endemic transmission to pre-
elimination and elimination. Data from a population-based, serial cross-
sectional cohort study were used to detect spatial clusters of malaria in a 
low transmission setting of southern Zambia. The prevalence of malaria 
was determined using an algorithm that included those positive by 
polymerase chain reaction (PCR) and those positive by rapid diagnostic 
test but negative by PCR who reported taking anti-malarials in the prior 
two weeks. The malaria prevalence decreased from 9% in 2008 to <1% 
in 2013. Spatial only cluster detection analysis (SaTScan) was preformed 
to identify clusters for each year from 2008-2013. Space-time cluster 
detection analysis was performed to identify spatial clusters over the years 
2008 to 2013 accounting for temporal trends. Statistically significant 
spatial clusters were detected with the spatial only analysis for 2008, 2009, 
2010, and 2012; however, these clusters did not overlap. The space-time 
cluster detection analysis detected two statistically significant space-time 
clusters that were stable over time after accounting for temporal trends. 
These two temporally stable clusters overlapped spatially with clusters 
detected in the spatial only model from 2008, 2009, and 2010. The spatio-
temporal stability of clusters between 2008 and 2010 suggests a persistent 
ecological reservoir of malaria transmission. However, as transmission 
further decreased after 2010, the absence of spatio-temporal clusters 
suggests the disappearance of a stable reservoir, with malaria likely to be 
imported rather than locally acquired. As areas transition from endemic 
and pre-elimination to elimination, targeting control measures to eliminate 
the remaining few cases is essential. When there is evidence of spatial 
clusters and a persistent malaria transmission reservoir, interventions such 
as reactive drug administration can be effective. But when this reservoir is 
eliminated, passive detection of imported cases and measures to reduce 
re-establishment of a reservoir are warranted.
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PILOT STUDIES OF GRAMMOMYS SURDASTER (G. 
DOLICHURUS), THE NATURAL HOST FOR PLASMODIUM 
BERGHEI PARASITES, AS A MODEL TO STUDY WHOLE 
ORGANISM VACCINES AGAINST MALARIA
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A highly efficacious vaccine to prevent infection is needed for the goal 
of malaria eradication. Inbred mice are commonly used to test candidate 
malaria vaccines, yet are unreliable to predict efficacy in humans. To 
establish a more rigorous animal model, we acquired African woodland 
thicket rats (TR) of the genus Grammomys, the natural hosts for 
Plasmodium berghei (Pb). TR were transferred from a colony at INRB 
in Kinshasa to establish a breeding colony at NIAID in Rockville, MD, 
and were identified as G. dolichurus (surdaster) by skull and teeth 
measurements and mitochondrial DNA genotyping. We established that 
TR are highly susceptible to infection by all rodent malaria strains tested 
(Pb ANKA, Pb NK65, P. chabaudi chabaudi (Pcc) AS, Pcc CB and P. yoelii 
17XNL): for all parasite species, 1-2 infected mosquito bites or 25-100 
sporozoites (SPZ) administered intravenously consistently resulted in patent 
parasitemia. We then assessed efficacy of whole organism vaccines (WOV) 
to induce sterile immunity. Using Pb radiation attenuated SPZ (RAS), 
C57BL/6 mice were 100% protected after immunization with a total of 
30K RAS PbSPZ administered in 3 doses (10K RAS PbSPZ per dose) at 3-4 
weeks interval, against challenge with 200 PbSPZ or 1K PbSPZ. In contrast, 
this regimen protected only 40% of TR against challenge with 200 PbSPZ, 
and 0% against challenge with 1K PbSPZ. A higher immunizing dose of 
200K RAS PbSPZ administered in 3 doses at 3-4 weeks interval (100K 
+50K +50K) protected 100 % of TR from challenge with 200 PbSPZ, 
but only 20% from challenge with 1K PbSPZ. Using a chemoprophylaxis 
vaccination approach, we again observed differences between laboratory 
mice and TR. After 3 doses of 3K PySPZ under Pyrimethamine drug 
(PYR) cover at 3-4 weeks intervals, 75% of BALB/c mice but 0% TR were 
protected from challenge with 200 P. yoelii 17XNL SPZ (PySPZ). After 3 
doses of 10K PySPZ under PYR treatment at 3-4 weeks interval, 50% of 
TR were protected from challenge with 200 PySPZ. The results show that 
TR are a more stringent rodent model for evaluating WOV for malaria, and 
also confirm that WOV efficacy in a stringent model can be enhanced by 
increasing SPZ dose.

879
EFFICIENCY OF REACTIVE CASE DETECTION WITH FOCAL 
DRUG ADMINISTRATION FOR MALARIA ELIMINATION: 
SIMULATION STUDY BASED ON CROSS-SECTIONAL SURVEYS 
IN RURAL SOUTHERN ZAMBIA
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As malaria elimination is pursued, identifying and treating all remaining 
infected individuals will be critical. Passive or reactive case detection 
(RACD) with rapid diagnostic tests (RDTs) may not identify individuals with 
sub-patent or asymptomatic infection who serve as persistent reservoirs. 
Focal mass drug administration is a strategy in which individuals residing 
within a specified radius of an index case are presumptively treated for 
malaria without testing. RACD and focal mass drug administration are 
potential strategies to eliminate parasite reservoirs in low transmission 
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settings. Household malaria surveys were conducted within Choma 
District, Zambia between 2009 - 2013. Questionnaires were administered 
and a blood sample was collected to detect Plasmodium falciparum by 
RDT and polymerase chain reaction (PCR). Household structures within 
the study area were enumerated using satellite imagery. Simulations were 
performed to extrapolate data from surveyed to non-surveyed households. 
Residents who were RDT-positive, reported seeking care at health facilities, 
experienced fever or headache as symptoms were considered index cases 
detected through passive surveillance. Radii of increasing size around 
each index household were examined to determine the proportion of 
households with an infected individual detected through RACD or treated 
through focal drug administration. Based on simulated data, cross-K 
function analysis identified spatial clustering of missed asymptomatic and 
sub-patent infection in residents of households around index houses. 
RACD and treatment of residents of households within 500 meters of 
the index case would have identified only 56% of all households with an 
RDT-positive asymptomatic resident and only 54% of individuals with sub-
patent infection. RACD will identify asymptomatic individuals who do not 
seek care but will not be sufficient to eliminate malaria in this setting.
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IVERMECTIN FOR MALARIA CONTROL: MODEL VALIDATION 
TO EXISTING DATA AND DESIGNING TRIALS TO DETECT AN 
IMPACT USING CLINICAL AND ENTOMOLOGICAL METRICS

Hannah C. Slater1, Kevin Kobylinski2, Brian Foy3, Haoues Alout3, 
Thomas Churcher1, Teun Bousema4, Azra Ghani1
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Ivermectin has been identified as a potential new addition to the arsenal 
of interventions to control and eliminate malaria. The mosquitocidal 
impact of ivermectin is well documented and well understood, however 
it remains unclear how mass treatment using ivermectin in malaria 
endemic populations would impact transmission. Nearly all the studies 
investigating the effect of ivermectin on vector mortality use laboratory 
reared mosquitoes, which live considerably longer than wild mosquitoes. 
Cluster randomised trials are needed to see how the mosquitocidal 
effect translates to a population level impact, on both mosquitoes and 
humans. In this study we use a previously published mathematical model 
of the impact of ivermectin on malaria transmission to estimate the 
optimal timing and frequency of mass ivermectin treatment to maximise 
the impact on clinical incidence and entomological metrics (parity rate, 
survival rate and sporozoite rate). We perform sample size calculations 
to estimate the number of mosquitoes that would need to be caught 
and the number of clinical cases to be detected each day to significantly 
detect an impact on transmission. The optimal time to start a mass 
ivermectin intervention is during the peak of the rainy season, as this is 
when mosquito density is greatest. The total maximum reduction in clinical 
incidence is achieved when ivermectin is distributed monthly; however this 
reduction is over a longer period of time, and fluctuates more; meaning 
detecting a significant impact requires more monitoring and larger 
sample sizes. Treating every 2-3 week’s results in a more sustained, albeit 
shorter, reduction in incidence, which would be easier to detect in a trial. 
To eliminate malaria, ivermectin alone is very unlikely to be the answer; 
however it could be a useful adjunct to other malaria interventions. In 
particular, adding ivermectin to mass treatment with an ACT could result 
in the same overall impact on transmission, but at a lower coverage 
level. Here, we argue that well designed, adequately powered cluster 
randomised trials are an essential step to determine the potential impact 
of ivermectin as a malaria control tool.
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EVALUATING THE COSTS OF IMPLEMENTING A PACKAGE OF 
INTERVENTIONS AND SURVEILLANCE SYSTEMS TO SUPPORT 
MALARIA ELIMINATION IN SOUTHERN PROVINCE, ZAMBIA: 
A MICRO-COSTING ANALYSIS
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The Zambian Ministry of Health and partners are implementing several 
interventions and surveillance systems in Southern Province, Zambia, 
in support of the national malaria control and elimination agenda. 
These include: (1) long-lasting insecticide-treated net distribution; (2) 
indoor residual spraying; (3) rapid reporting of malaria surveillance 
indicators; (4) systematic case investigation with reactive focal testing 
and treatment using rapid diagnostic tests and artemether-lumefantrine; 
and (5) population-wide mass drug administration and household-level 
focal drug administration with dihydroartemisinin-piperaquine. Accurate 
and comparable information on the costs of implementing these 
interventions and surveillance systems is necessary to inform operational 
and resourcing decisions for malaria elimination. We are estimating the 
costs of implementing these interventions and surveillance systems in 
173 health facility catchment areas in ten districts in Southern Province 
in 2014-2015. Costs are being estimated from the providers’ perspective 
using an ingredients-based approach. Data on resource utilization (labor, 
equipment, drugs, diagnostics, and other supplies), unit prices, and 
intervention and surveillance system outputs are being collected from 
programmatic records, interviews with program managers and staff, and 
other sources to estimate implementation costs and cost drivers for each 
intervention and surveillance system. This information will be useful for 
budgeting and planning; identifying opportunities to improve program 
efficiency; and informing additional analyses on the cost-effectiveness and 
budget impact of different approaches to malaria elimination.
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EXCLUSIVE BREASTFEEDING AND CLINICAL MALARIA RISK 
IN INFANTS IN KINSHASA, DEMOCRATIC REPUBLIC OF THE 
CONGO
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Malaria remains a significant health burden in the developing world, and 
particularly, in Sub-Saharan Africa. Children under the age of five years 
bear the greatest burden, suffering the highest rates of malaria-related 
mortality and morbidity. The World Health Organization recommends 
exclusive breastfeeding (EBF) for the first six months of life because it 
offers protection against various infectious diseases. However, the effects 
of EBF on the risk of malaria infection among infants are unclear. In the 
present study, 495 infants were evaluated for parasitemia using qualitative 
PCR on dried blood spots collected from the infants during their 24-week 
follow-up appointment. During the visit, information on infant feeding 
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practices, fevers in the past month, medication use, and bed net use was 
also collected. The main exposure of interest was EBF. The outcomes of 
interest were parasitemia, defined by a positive PCR, and clinical malaria, 
defined as parasitemia with fever. Of the 495 infants, 137 (27.7%) were 
EBF at 24-weeks. Malaria parasitemia was confirmed by PCR in 52 (10.5%) 
of the infants. Of the infants with parasitemia, 21 (4.2%) were reported 
to be febrile at the 6-month visit or anytime in the month prior to the 
visit, and were classified as clinical malaria cases. EBF was not associated 
with a reduced risk of parasitemia OR = 0.82 (95% CI 0.39, 1.62) but 
was associated with a reduced risk of clinical malaria OR = 0.13 (95% CI 
0.00, 0.80). Of the 21 infants with clinical malaria, only one case was from 
an EBF infant. This study suggests that EBF is protective against clinical 
malaria and should be supported in malaria-holoendemic areas. However, 
to better understand the relationship between EBF, parasitemia risk, and 
malaria immunity, further investigation is needed.

883
AN APPLICATION OF BOOSTED MODELS FOR PROPENSITY 
SCORE ESTIMATION WITH A MULTIFACTOR EXPOSURE IN AN 
INTERMITTENT PREVENTIVE THERAPY IN PREGNANCY FOR 
MALARIA OBSERVATIONAL STUDY
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The World Health Organization recommends the use of intermittent 
preventive therapy in pregnancy (IPTp) with sulfadoxine-pyrimethamine 
(SP) in sub-Saharan Africa to prevent the adverse consequences of malaria 
in pregnancy. Increasing parasite resistance to SP has called into question 
the effectiveness of IPTp with SP. The effectiveness of IPTp-SP on multiple 
birth outcomes was assessed in eight sites in six countries with varying 
degrees of parasite resistance. In an attempt to minimize the effect of 
potential confounders, we fit propensity scores models. SP dose is best 
treated as a categorical variable (0, 1, 2, or 3+ doses) and standard, two-
group propensity score models are suboptimal. Hence, we implemented 
generalized boosted models allowing the exposure to have a multinomial 
distribution. Boosted models are a machine learning technique that utilizes 
non-parametric, tree-based regression models to calculate propensity 
scores and derive weights designed to estimate the average treatment 
effect. Outcome models incorporated weights for each individual as 
sampling weights and included site as a cluster-level term. We focus on 
the application of this approach to -IPTp-SP observational data, explain 
the modelling process and the outcome model inferences, and discuss the 
impact on estimating SP treatment efficacy.
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SPATIO-TEMPORAL ANALYSIS OF MALARIA FEVERS IN A 
LARGE OPEN COHORT IN WESTERN KENYA; IMPLICATIONS 
FOR TARGETING ‘HOTSPOTS’
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Geographic variation in malaria burden or risk of infection between 
villages and households within a village has been documented. As malaria 
transmission declines, these variations become more pronounced, giving 
rise to ‘hotspots’. A hotspot of malaria transmission is defined as ‘a 
geographical area within an endemic focus of malaria transmission where 
transmission intensity exceeds the average level’. Controlling hotspots 
may be strategic in moving towards malaria elimination if hotspots ‘fuel’ 
continual transmission within a larger area. Targeting control measures 
towards these hotspots is predicted to be more effective than spreading 
equivalent resources over larger areas or populations. Most of the 

information available about febrile malaria hotspots comes from data 
collected over small geographic areas and/or short time intervals. What 
is unclear from previous analyses is whether such hotspots are stable 
across multiple seasons and years. Here we present a spatio-temporal 
analysis of 3 years of morbidity data collected from a population census 
of 75,000 people. Every 6 months, individual morbidity events were 
recorded in a ‘round’ of data collection. We explore the stability in space 
and time of foci of self-reported malaria fevers. On average, residents 
reported 1050 malaria morbidity events in each 6-month period, 35% 
in children under-5 years. There were significant differences in incidence 
between rounds. Six-monthly rounds had between 2 and 11 significant 
clusters. Clusters in children under 5 did not coincide geographically with 
those in the 6 + years group. Clusters moved consistently from South 
to North in subsequent rounds, with the trend most apparent in young 
children. Cluster locations are not consistent across time; only 14.2% of 
the household falls into a cluster in more than one round. We will present 
further analyses on the relationship of locally moving clusters to dynamic 
factors such as local environment measured via satellite imagery, and 
population factors such as migration and births. Malaria fever hotspots 
that move in space over time present challenges to targeting control 
measures.
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The Central Highlands in Madagascar are an area of unstable malaria 
transmission and remain epidemic-prone. Donors funded district-wide 
indoor residual spraying there from 2009-2011, but transitioned to 
targeted spraying in 2012, using health facility (HF) data to identify 
communes with the highest malaria incidence. To assess the validity of 
HF surveillance data to identify high-transmission foci, we conducted 
a school-based serology study in 7 districts. Using serology as a gold 
standard for detecting foci in low-transmission settings, we assessed how 
well HF surveillance data identified high-transmission communes. From 
May-July 2014, teams visited 93 accessible communes (of 106) in the 
7 districts, and two primary schools per commune. At each school, 30 
children and their caregivers had capillary blood taken for a malaria rapid 
diagnostic test (RDT) and immunological analysis, and a brief questionnaire 
administered. Teams also collected school absenteeism data from registers 
and visited health facilities for information on data quality. Seropositivity 
was defined using mixture models for several antigens, including PfMSP1 
and PfAMA1. School-based seroprevalence for each commune was 
compared to malaria incidence (HF RDT-positive cases per population). 
In total 12,771 children and parents at 186 schools had complete data. 
RDT positivity was very low at 0.53%, ranging from 0% (66/93 (71%) 
communes) to 13.3% by commune. Seroprevalence of MSP1 was 18.2% 
(range: 3.0% to 63.0% by commune) and for AMA1 was 26.5% (range: 
4.4% to 70.4%). Correlation between seroprevalence and malaria 
incidence at commune level was 0.46 for MSP1 and 0.45 for AMA1, 
p<0.001 for each. HF data identified 21 of 30 communes with the highest 
transmission according to MSP1 and AMA1 (sensitivity=70% (95%CI: 
50-85%)). Thus, routine HF surveillance data was relatively reliable for 
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identifying areas of higher transmission but missed 30% of malaria 
foci. Additional analyses will be presented, including catalytic models 
of seroconversion rates and exploration of HF data quality and school 
absenteeism in predicting malaria foci to aid targeting of interventions.
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ASYMPTOMATIC AND UNCOMPLICATED MALARIA 
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CHITTAGONG HILL DISTRICTS
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Malaria is endemic in 13 of 64 districts in Bangladesh, with the highest 
rates in the Chittagong Hill Districts, where Plasmodium falciparum 
is the predominant species. This study describes the epidemiology of 
asymptomatic and uncomplicated malaria infections in two unions of 
Bandarban, an area with a population of 23,000. Active surveillance for 
malaria infection was conducted by testing a random sample of 3,999 
people from October 2010 to October 2012, without regard to symptoms. 
Of this sample, 53 tested positive for P. falciparum malaria through 
RDT and/or microscopy and 1 tested positive for P. vivax infection via 
microscopy, equating to a P. falciparum prevalence estimate of 13.4 
(10.2-17.6) per 1,000 population. There was no difference in prevalence 
of these actively detected infections between the high and low seasons 
(p-value 0.78). These infections clustered in similar areas as symptomatic 
malaria cases. 72% of those with actively detected P. falciparum malaria 
reported at least one symptom commonly associated with malaria (fever, 
muscle aches, fatigue and headache) in the prior two weeks compared to 
only 21% of those not infected with P. falciparum malaria (OR (95% CI) 
= 9.3(5.0-18.3). We found a higher prevalence of these infections among 
those who were older, from tribal populations, did not use bed nets, and 
whose homes had animals, were closer to the forest, and were located 
less than 100 meters from an open drain or further than 100 meters from 
a river or stream. A subset of 1,275 people were selected from the active 
surveillance study to be followed every three months for 9 months to 
estimate malaria incidence. P. falciparum incidence was estimated to be 
23.4 (15.2-36.1) per 1,000 person-years in this population. We conclude 
that hypoendemic asymptomatic and uncomplicated P. falciparum 
malaria continues in the Chittagong Hill Districts; the infections clustered 
in hot spots similar to the areas of symptomatic malaria and were 
associated with a number of household and demographic factors. Unlike 
symptomatic malaria which is highly seasonal, these actively detected 
infections were present year round and act as reservoirs for infection.
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Malaria is one of many potentially life-threatening infectious causes of 
fever in Cambodia. However, antimalarials are often given empirically, and 

confirmatory testing is not always available. With the rise of resistance 
in the SE Asia region, it is of increasing importance to ensure that 
medications are used judiciously on a population scale. For the benefit 
of the individual patients, it is important to ensure that other treatable 
causes of febrile illness are identified, if present. Data were reviewed from 
a subset of the Surveillance and Etiology of Undifferentiated Febrile Illness 
Study in Cambodia collected by Naval Medical Research Unit-2 Phnom 
Penh. Retrospective analysis of the passive surveillance data collected 
from 2010 through 2014 was conducted to assess for prevalence and 
the strength of association between clinical and laboratory-confirmed 
diagnoses, as well as the presence of other causes of fever. Overall, 13,618 
febrile patient records were reviewed. Blood specimens were obtained 
for microscopy and rapid diagnostic testing. Of these, 4820 patients had 
been assigned a clinical diagnosis of malaria. 1477 patients (30.6%) were 
laboratory-confirmed for malaria by at least one test, giving an overall 
incidence of 10.8%. 78% of these patients were adults, and mean age 
was 25.1 years. Although a clinical diagnosis of malaria suggested a 
high odds of having malaria (OR 23.9, CI 20.0-28.6, p< 0.0001) and was 
highly sensitive (90.6%, CI 89.0-92.0%), the specificity was poor (71.3%, 
CI 70.5-72.1%) and positive predictive value was only 27.8% (CI 26.5-
29.1%). Additionally, 73 of the laboratory-confirmed malaria patients were 
also confirmed to have either viral or rickettsial co-infection. Among febrile 
patients in whom alternate diagnoses were identified, influenza, dengue, 
chikungunya, and rickettsial illnesses were represented. It is therefore 
concluded that in an endemic region, it is prudent to maintain a high 
index of suspicion for malaria, including the presence of subacute malaria 
co-infection, but not to discount the possibility that other explanations for 
fever exist.
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Dr Julia Mwesigwa1, Dr Jane Achan1, Dr Muna Affara1, Musa 
Jawara1, Schadrac Agbla1, Archibald Worwui1, Gian Luca DiTanna2, 
Prof Umberto D’Alessandro1

1Medical Research Council Unit, The Gambia, Banjul, Gambia, 2London 
School of Hygiene & Tropical Medicine, London, United Kingdom

The reduction in the malaria burden previously reported in The Gambia 
is largely due to the successful scaling up of control interventions. 
Understanding the current dynamics of malaria transmission in a context 
of high coverage of control interventions is critical to inform pre-
elimination efforts. A prospective cohort study was conducted in twelve 
villages across the country. During the transmission season, all residents 
aged over 6 months old had a blood sample collected monthly for later 
molecular analysis and clinical malaria cases were captured by passive 
detection at local health facilities. Mosquito abundance and species 
distribution were determined by collections with CDC light traps, human 
landing catches and larval surveys. From June to December 2013, 4235 
participants were followed up. The median age was 13 years (IQR 5, 28) 
and bed net coverage was 71.6% (2774/3876). Overall incidence rate 
of Plasmodium falciparum infections was 0.33 per person per year. 
Incidence was markedly heterogeneous, with lower values in the west 
(0.4 to 0.5 infections per person year) and higher in the east (1.4 to 2.8 
per person year). Overall, 68 % of the infections were asymptomatic. 
The highest incidence of infection was in November (0.81 per person 
year) while the highest mosquito densities were found in September. 
Anopheles (An.) gambiae s.l. was the predominant species (80.4%) 
in all regions except the central region where An. funestus was 
predominant. Children aged 5-15 years (HR=1.4, 95% CI; 1.2-1.9) and 
adults (HR=1.2, 95% CI, 1.0 - 1.7) had a higher risk of asymptomatic 
infection. Individuals with severe anaemia had a significantly higher risk of 
being infected (HR=2.3, 95% CI; 1.5 - 3.6). Bed net ownership and female 
gender were associated with a reduced risk of infection. In The Gambia, 
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despite high coverage of control interventions, there is still significant 
ongoing malaria transmission. Additional interventions targeting residual 
transmission are urgently needed.

889
THE BURDEN OF MALARIA INFECTION AMONG YOUNG 
AFRICAN INFANTS IN DIFFERENT MALARIA TRANSMISSION 
SETTINGS

Serign J. Ceesay1, Jane Achan1, Lamine Koivogui2, Alain Nahum3, 
Makie Abdoulie Taal4, Lama Eugène Kaman2, Joseph Okebe1, 
Muna Affara1, Francis Bohissou2, Carine Agbowai2, Benoit 
Gniouma Tolno2, Alfred A. Ngwa1, NFaly Bangoura5, Abdul Khalie 
Muhammad1, Stephan Duparc6, Kamal Hamed7, David Ubben6, 
Kalifa Bojang1, Umberto D’Alessandro1

1MRC Unit, Banjul, Gambia, 2Institut National de Santé Publique, Conakry, 
Guinea, 3Centre de Recherches Entomologiques de Cotonou, Cotonou, 
Benin, 4National Public Health Laboratory, Kotu, Gambia, 5Préfectoral de 
la santé de Faranah, Conakry, Guinea, 6Medicines for Malaria Venture, 
Geneva, Switzerland, 7Novartis Pharmaceuticals Corporation, East Hanover, 
NJ, United States

Infants are thought to be protected against malaria during the first 
6 months of life largely due to transfer of maternal antibodies and 
presence of foetal haemoglobin. However, the true burden of malaria in 
infants is not well characterized and may be underestimated. A better 
understanding of malaria risk in early infancy is therefore critical for drug 
development and policy setting. A cross sectional survey was conducted 
in three West African countries: The Gambia, Benin and Guinea Conakry, 
representing areas of low, moderate and high malaria transmission 
respectively. Infants aged 0-6 months were enrolled and two children 
aged 1-9 years and 10-15 years in the same household were included 
to estimate the difference in risk of infection between infants and older 
children. Malaria diagnosis was by RDT, microscopy and molecular 
methods. Prevalence of antibodies against MSP119 was determined by 
indirect ELISA. A total of 6,761 children were enrolled; 2,270 from The 
Gambia, 2,276 from Benin and 2,215 from Guinea Conakry. Prevalence of 
malaria infection using PCR in infants up to 6 months old was 11.8%, with 
a significantly higher prevalence (21.7%) in Guinea Conakry compared to 
The Gambia (3.7%) and Benin (10.2%). Seroprevalence ranged from 5.7% 
in The Gambia to 41.6% in Guinea Conakry. Mean parasite densities were 
significantly lower in infants than in children 1-9 years in The Gambia and 
Benin. Malaria infection in infants was significantly associated with fever or 
history of fever and anaemia. Infants <5 kg had a significantly higher odds 
of malaria infection. There was a lower odds of malaria infection in infants 
aged 0-3 months with subsequently increasing odds of infection from 3 
to 6 months of age. Malaria in young infants is therefore not rare, can be 
symptomatic, and has major health consequences, most notably anaemia. 
Our findings provide evidence that the period of perinatal protection may 
be shorter than 6 months and that 0-6 month is not a homogenous age 
group. The sizeable burden of malaria among young infants in endemic 
countries should be addressed by targeted preventive interventions, 
adequate drug formulations and treatment guidelines.

890
ROLE OF ANTE-NATAL CLINICS (ANCS) ON THE COMPLIANCE 
OF USE OF LLINS AMONG PREGNANT WOMEN IN PORT 
HARCOURT RIVERS STATE

Florence Onyemachi Nduka, Michael N. Wogu
University of Port Harcourt, Choba Port Harcourt, Nigeria

A study to evaluate the role of Antenatal Clinics (ANCs) on the compliance 
of Long Lasting Insecticide Nets (LLINs) among some pregnant women in 
Rivers State was carried out. A total of 300 pregnant women (150 from 
government and 150 from private ANCs) were randomly selected and 
examined in this study. Information on LLINs usage and personal data 
were gotten through well-structured questionnaires. This study showed 

that 90% (135 out of 150) of the pregnant women attending ANCs in 
private healthcare centres used LLINs while 80% (120 out of 150) of the 
pregnant women attending ANCs in a government healthcare centre 
used LLINs. High LLINs compliance rates were recorded in both private 
and government healthcare centres and maybe due to increased malaria 
awareness and health lectures from ANCs health workers. LLINs have been 
shown to play a vital role in reducing malaria infection among pregnant 
women and should be encouraged.

891
MALARIA SURVEILLANCE IN SELECT TANZANIAN MILITARY 
HEALTH FACILITIES THROUGH PASSIVE CASE DETECTION

Lalaine Anova1, Akili Kalinga2, Christopher Mswanya3, Lucky 
Temu4, Geeta Bhat5, Charles E. Mwanziva3, Eyako Wurapa6, Mark 
Hickman6, Dennis Janga3

1ClinicalRM, Hinckley, OH, United States, 2National Institute for Medical 
Research, Tukuyu Research Centre, Tukuyu, United Republic of Tanzania, 
3Tanzania Peoples Defence Forces, Dar es Salaam, United Republic of 
Tanzania, 4Walter Reed Malaria Programme-Tanzania, Dar es Salaam, 
United Republic of Tanzania, 5Fio Corporation, Toronto, ON, Canada, 
6Walter Reed Army Institute of Research, Silver Spring, MD, United States

Malaria surveillance is the foundation for control and elimination 
programs, resource allocation, clinical research, and is essential for 
measuring the success of any intervention. Quality malaria surveillance is 
hindered by the challenges of performing accurate malaria diagnostics and 
the need to efficiently gather and analyze incidence data from multiple 
sources in a timely manner. Researchers at the Walter Reed Army Institute 
of Research (WRAIR) have partnered with the Tanzanian Peoples Defence 
Forces (TPDF) to implement a passive malaria surveillance strategy based 
on the use of malaria rapid diagnostic tests (RDTs) in 8 Tanzanian military 
camps. The strategy managed RDT quality and efficient data aggregation 
through the use of Deki Readers (in vitro diagnostic devices used for 
reading and quality controlling commercially available RDTs). The readers 
were used with RDT testing when possible, which then transmitted 
de-identified patient data, diagnostic results and RDT digital images to 
Fionet (mobile software with a secured web-based portal). The data was 
available on-line for approved users for external QC, real-time monitoring, 
permanent data storage, and report generation. Quarterly assessments 
were conducted to collect data from RDT tests not performed with the 
readers. The malaria surveillance data from 2014 from the regions of 
Pwani, Morogoro, Tanga, Mara, Tabora, Kigoma, and Kagera will be 
presented. The data trends articulate the dynamic seasonality (based on 
the rainy seasons) or persistently high prevalence of malaria per camp, and 
variations in the timing of malaria seasons between sites. The data also 
highlighted which camps suffered the highest malaria incidence and were 
in most need of resources. However, device failures and lapses in power 
supply, RDT stock out, and poor telecommunication are known factors 
which have compromised the data integrity. The logistical challenges of 
implementation and general evaluations/observations of the strategy will 
therefore also be discussed. Despite the challenges, the Fionet system has 
been useful to efficiently collect quality passive malaria surveillance data.

892
ASSESSMENT OF PLASMODIUM FALCIPARUM CASE-BASED 
SURVEILLANCE AT THE TWO MAJOR UNIVERSITY TEACHING 
HOSPITAL SOUTHWESTERN NIGERIA: A COMPARATIVE 
STUDY

Joseph Omololu-Aso1, Anthonia O. Oluduro1, Oluwaseun O. 
Omololu-Aso2, Alexander T. Owolabi1, Adekunle O. Adejuwon1, 
Olapeju O. Ajayi1
1Obafemi Awolowo University, Ile Ife, Nigeria, 2University College Hospital, 
Ibadan, Nigeria

Guidelines focusing on National core indicators tools and methodology for 
monitoring and evaluating of Roll Back Malaria in Nigeria, in conformity 
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with other countries in Africa region has been developed. This study 
gives an insight on screened patient blood presented with Plasmodium 
falciparum focusing on diverse tools of surveillance ranging from age 
differences, gender status, education, level of awareness and individual 
therapeutic approach. Blood samples were collected from the fingers 
pricked of 200 patients (100 from each Hospital) who visited either of the 
two university teaching hospital (Obafemi Awolowo University (OAUTHC) 
and university college hospital (UCH), Nigeria) between August-December 
2010 for Malaria parasite test. Rapid Test Kit Global device was used 
in detection of the presence of P. falciparum. All data generated was 
presented with Chi-square description statistical analysis using Statistical 
Package for Social Sciences (SPSS) version 15.0 for windows. Difference 
were shown to be statistically significant where p<0.05. In the OAUTH, 
higher infection rate observed among age group <20 years (71.4%), 
followed by 20-30 years (18.2%) and less than 40 years (16.7%). The 
prevalence rate increased among male which constituted 23 (49.2%), 
compared with female subjects 15(31.3%), Un-educated 29(62.1%), 
Educated 20(10%), Semi-educated 43(37.2%) , Non -experience 8(25%), 
Non-drug compliance individuals 7(57.1%) Patients on malaria medication 
70(38.6), Local herb users 8(25%). Also, 84(38.1%) showed higher 
level of awareness to P. falciparum while Non-awareness 7(42.9%), 
Indifference, 9(33.3%). Frequently infected individuals 22(40.9%), Non-
frequent infected 30(36.7%). Rarely infected 36(36.17%), Non- response 
12(41.7%). Patients utilized other means of protection, 22(31.8%), 
Insecticides, 36(55.6%), Mosquito net 40(22.5%). At the UCH, 12 positive 
results were recorded out of 100 patients tested. Higher infection rate 
was observed among age group <20(19%), 20-30(13%), >40(4.0%), The 
prevalence rate increased among female which contributed 9(12.2%), 
compared with male subjects which constituted 3(11.5%). Semi-educated 
36(25%), Uneducated 21(4.8%), Educated 43(4.7%). Patients on 
malaria medication showed 65(13.8%), Non-drug compliance individuals 
27(11.1%), Local-drugs/herbs users showed no attack, insecticides 
means of protection constituted 39(15.4%), Mosquito net 18(11.1%), 
Patients utilized other means of protection 43(9.3%), Level of awareness 
84(38.1%), Non-awareness 7(42.9%), Indifference 9(33.3%). Frequent 
infected individuals showed 10(20%), Non-frequent 54(14.8%) and Rarely 
infected constituted 36(5.6%). Development of adequate information 
on P. falciparum infection risks is highly needed in the studied tertiary 
hospitals. Novel technologies to prevent, monitor, diagnose and efficient 
treatment of malaria mostly among lower age group must be adopted 
through Local and National Malaria Control Programme.

893
BURDEN OF ASYMPTOMATIC AND SYMPTOMATIC 
FALCIPARUM AND VIVAX MALARIA ON CHINA-MYANMAR 
BORDER

Fang Huang1, Hui Liu2, Jianwei Xu2, Jianwei Xu2, Henglin Yang2, 
Amy Mu1, Biraj Shrestha1, Gillian Mbambo1, Matthew Adams1, 
Shuisen Zhou3, Zhigui Xia3, Shannon Takala-Harison1, Christopher 
V. Plowe1, Myaing M. Nyunt1

1University of Maryland School of Medicine, Baltimore, MD, United States, 
2Yunnan Institute of Parasitic Diseases, Puer, China, 3National Institute 
of Parasitic Diseases, China Centers for Disease Control and Prevention, 
Shanghai, China

China launched a national malaria elimination program to end local 
malaria transmission by 2015, excluding the Yunnan province bordering 
Myanmar, Vietnam and Laos. Both Plasmodium falciparum and P. 
vivax are endemic in Yunnan presenting as they are elsewhere in the 
greater Mekong subregion (GMS). Malaria infection may be present in the 
human host with or without symptoms of illness, and both symptomatic 
and asymptomatic infections must be eradicated for successful malaria 
elimination. Asymptomatic infection poses a unique challenge to 
elimination strategies, since it typically harbors low density parasitemia, 
and the ability to detect it is limited by the sensitivity of detection 
methods as well as the volume of blood examined. The prevalence of 
asymptomatic malaria infection is higher when measured using sensitive 

molecular methods than when using standard diagnostic methods such as 
microscopy or rapid diagnostic tests (RDTs). We conducted a prospective 
cross-sectional field study in Mong Pawk and Laiza, two remote 
communities residing in the China-Myanmar border in July 2014 (rainy 
season) to estimate the prevalence of malaria, using multiplexed real-
time PCR (RT-PCR), nested PCR, and RDT. Blood samples were collected 
on filter paper (50µL) from 765 participants (731 asymptomatic and 34 
symptomatic). Overall the prevalence of P. falciparum and P. vivax, 
detected by the multiplexed RT-PCR, was 4.71% (36/765) and 7.58 %( 
58/765), respectively. Important risk factors for asymptomatic infection, 
assessed by a logistic regression analysis, appeared to be the site and age. 
We found that 88% and 54% of asymptomatic infection were missed 
by RDT and nested PCR, respectively, whereas all symptomatic infections 
were identified uniformly by all three methods. We conclude that while 
RDT or nested PCR can sufficiently detect symptomatic infections in this 
setting, more sensitive detection methods, such as multiplexed RT-PCR, 
are required to accurately identify asymptomatic malaria and accurately 
measure the true prevalence of malaria infection to inform elimination 
strategies along the China-Myanmar border.

894
THE ECOLOGY AND EPIDEMIOLOGY OF PLASMODIUM 
PARASITES CIRCULATING AMONG WILD CHIMPANZEE 
RESERVOIRS LIVING IN EAST AFRICA

Erik J. Scully1, Weimin Liu2, Deus C. Mjungu3, Anne E. Pusey4, 
Manoj T. Duraisingh5, Beatrice H. Hahn2, Richard W. Wrangham1

1Harvard University, Cambridge, MA, United States, 2University of 
Pennsylvania, Philadelphia, PA, United States, 3Gombe Stream Research 
Centre, Kigoma, United Republic of Tanzania, 4Duke University, Durham, 
NC, United States, 5Harvard School of Public Health, Boston, MA, United 
States

Molecular epidemiological analyses have traced the origins of human 
Plasmodium falciparum and P. vivax to Plasmodium parasites 
circulating among African great apes. These sylvatic hosts harbor a 
diverse assemblage of Plasmodium species capable of reaching notable 
prevalence (Laverania relatives of P. falciparum: up to 48%; ape P. 
vivax: up to 8%). Although there is currently no evidence that humans 
are susceptible to ape Laverania parasites on contemporary timescales, 
surveys have revealed occasional cross-species transmission of P. vivax 
from apes to humans. Evaluation of the zoonotic potential of these 
reservoirs first necessitates elucidation of the ecological factors that 
underlie spatiotemporal variation in parasite prevalence. We exploited 
the infrastructure afforded by a long-term longitudinal study of wild 
chimpanzees in western Uganda to quantify the interaction between 
chimpanzee ecology and Plasmodium parasite infection. In agreement 
with previous analyses, chimpanzee fecal samples tested positive for 
mtDNA from three Laverania species—P. gaboni (~13% of fecal 
samples), P. reichenowi (~6%), P. billcollinsi (~2%)—and ape P. 
vivax (~1%). Our analyses also confirm that the probability of infection 
declines with age, suggesting that analogous immunological processes 
may mediate Plasmodium infection of humans and chimpanzees. Other 
ecological factors, such as temporal variation in dietary quality, also 
influence the probability of infection. The nature of these relationships 
varies among representatives of the Laverania, highlighting a source of 
epidemiological variation that has previously been overlooked. Finally, 
data from multiple chimpanzee communities highlight spatial variation in 
parasite prevalence, including the absence of infection within a Tanzanian 
population despite intensive sampling. Integration of these results with 
analyses of vector population dynamics and erythrocyte invasion assays will 
facilitate more rigorous evaluation of the co-evolutionary dynamics and 
zoonotic potential of Plasmodium parasites circulating among great apes 
in sub-Saharan Africa.
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THE USE OF SEROLOGICAL DATA TO PREDICT PLASMODIUM 
FALCIPARUM TRANSMISSION IN THE LOW-ENDEMIC NATION 
OF HAITI
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As Plasmodium falciparum (Pf) incidence in a region declines, strategies 
for the comprehensive detection of active infections become increasingly 
laborious and expensive. In addition, current technologies perform 
poorly for detecting very low density infections, and a paucity of cases 
creates difficulties in identifying foci of transmission. The human immune 
system generates a robust humoral response to many Pf antigens, and 
IgG production can persist for years following exposure, allowing for a 
greater historical perspective in assessing transmission. Here, we present 
comparisons of different analytical methods used for the interpretation 
of serological data from Haiti, which is thought to be an area of low, 
but persistent, Pf endemicity. Samples were collected in December 
2012 from 5,479 individuals across 62 cluster-based community survey 
sites. Antibodies against the Pf antigens LSA-1, MSP-1, and AMA-1 
were assayed through a bead-based multiplex assay, and data utilized 
for nationwide spatial analysis of serological intensity. Though the 
seroresponses of MSP-1 and AMA-1 were found to be independent, 
each antigen provided similar spatial estimates, showing approximately 
20% of the study participants as being seropositive. Estimates for the 
prevalence of liver-stage antigen LSA-1 antibodies were much lower, with 
1% of individuals seropositive. For each of the 62 sites, seroresponses 
were heterogeneous throughout the nation with a range of 0.3% to 46% 
persons seropositive within a site. Higher concentrations of seropositive 
individuals were found within the Central Plateau and along the southern 
coast of the Ouest Department. When analysis was restricted to persons 
under 10 years of age, these areas were also shown to contain higher 
percentages of seropositive children, suggesting stable and persistent 
transmission. This study gives further rationale for the use of serology to 
define areas of malaria transmission when parasite rates become low. 
Future serosurveys in Haiti will look to validate this approach, and provide 
better resolution in this nation of high Pf geographical heterogeneity.

896
THE SUCCESSION OF MALARIA VECTOR SPECIES IN 
WESTERN KENYA

Guofa Zhou1, Edna Ototo2, Harrysone Atieli2, Yaw Afrane2, 
Andrew Githeko2, Guiyun Yan1

1University of California, Irvine, Irvine, CA, United States, 2Center for 
Global Health Research, Kenya Medical Research Institute, Kisumu, Kenya

The mass distribution of insecticide-treated nets (ITN) together with other 
interventions during the last decade has led to a decline in malaria and its 
vector populations. Due to behavioral variation and different insecticide 
resistance levels among vector species and larval habitat changes, major 
changes in vector species composition has been reported. However, 
the extent of species shift and vector community succession is largely 
unknown. Using data collected from 2001 to 2015, shifts in vector density 
and species composition were examined in western Kenya. Results showed 
there was a major population decrease in all malaria vectors after the 2006 
mass ITN campaign, and the decline was more pronounced in Anopheles 
funestus. However, decline in vector population were insignificant 
after the second round mass ITN distribution in 2011. In western Kenya 
highlands, species composition changed from 19 : 81 : 0% for An. 

funestus : An. gambiae s.s. : An. arabienesis in early 2000s, to 10 : 77 
: 13% between 2006 and 2008, and then 70 : 27 : 3% in 2014. In the 
lowland, An. funestus accounted for 70% of total Anopheles in early 
2000s and reduced to about 50% from 2006 to 2008, and it rebounded 
to 65% in the last 3 years. An. arabiensis accounted for about 1% of An. 
gambiae s.l, and increased to 40% in 2008 and this proportion remained 
stable. Surveys in 2014 indicated that more Anopheles rested in cowshed 
than in bedrooms and cowshed sampling captured almost equal number 
of An. gambiae s.l. and An. funestus in all sampling sites. Blood meal 
sources, species PCR identification, surveys for outdoor biting mosquitoes 
and larval habitats are currently being conducted. Overall, both proportion 
and density of indoor resting An. funestus rebounded significantly 
after 5 yearly of ITN scaling up. This study highlights the limitations of 
conventional indoor spray catch as a transmission surveillance tool as in 
the era of intensive use of ITN. Vector control strategies should target 
refugia of vectors and outdoor biting mosquitoes.

897
DECREASE IN PRESUMPTIVE TREATMENT FOR MALARIA 
AFTER SCALE-UP OF RAPID DIAGNOSTIC TESTS: RESULTS 
FROM A NATIONALLY REPRESENTATIVE HEALTH FACILITY 
SURVEY

Kimberly E. Mace1, Samuel E. Jean2, Wilbens Siguineau2, 
Alexandre Existe3, Ito Journel3, Jean Semé Fils Alexandre4, Jean 
Ronald Cadet5, Michelle Chang1, Jean Frantz Lemoine5
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Malaria transmission in Haiti is low and heterogeneous. The national 
malaria guidelines recommend diagnosis of febrile patients with an 
approved test, and treatment with chloroquine (CQ) plus primaquine (PQ) 
to cure illness and reduce Plasmodium falciparum transmission. Two 
years after conducting a baseline survey and scale-up of training and rapid 
diagnostic tests (RDTs), we conducted a national cross-sectional cluster 
sample survey of health facilities (HF). The sampling frame of all 907 
HFs nationwide included data on geolocation and all-cause utilization. 
Sixty-four HFs were probability sampled, with 32 each from areas with 
relatively low or high risk, based on a 2011 malaria risk map; HFs with 
low utilization were under sampled. Survey teams conducted two-day 
visits from Nov 2014 - Jan 2015; outpatients present on survey days 
were systematically screened for fever. Post-consultation information 
was collected from patients and providers on illness history, HF-based 
test results, and prescribed medications. Gold-standard blood samples 
were analyzed by Haiti’s reference laboratory. Of 64 sampled HFs, 56 
were operational. Of 2,048 outpatients screened, 577 (28%) were febrile 
and attended for a first consultation, of these 451 (78%) consented and 
completed all survey procedures. Providers ordered a malaria test for 341 
(76%) patients; and of these 209 (61%) patients had test results available 
by the end of the survey day (179 by RDT, 30 by microscopy). The HF-
based tests confirmed malaria in four patients (all by RDT) and two of 
these were treated with CQ and PQ. Altogether, providers prescribed CQ 
to 26 (6%) patients, 13 were also prescribed PQ. Among those without 
test results available (n=242) 18 (7%) were prescribed an antimalarial. This 
is an apparent decrease in presumptive treatment compared to the 2012 
results (31%). Malaria is an uncommon cause of fever among Haitian 
outpatients. Availability of RDTs at HFs has improved since 2012, and 
presumptive treatment has decreased. Additional effort could promote full 
implementation of the treatment guidelines.  
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IMPACT OF THE SCALE-UP OF MALARIA CONTROL 
INTERVENTIONS IN MALI 2001-2012
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Enabled by significant increases in funding for malaria control, substantial 
scale-up of malaria control interventions has occurred over the past 
decade (2001-2012) in Mali. To assess the impact of this scale-up, an 
evaluation was conducted using the approach endorsed by the Roll Back 
Malaria Monitoring and Evaluation Reference Group (RBM MERG). Trends 
in all-cause childhood mortality (ACCM) were analyzed against trends in 
coverage of malaria control interventions as well as trends in other factors 
likely to affect child survival. The evaluation used data from nationally-
representative household surveys to estimate intervention coverage and 
morbidity and mortality for surveys years (2001, 2006, 2010 and 2012) 
from the highly endemic areas of Mali (excluding Gao, Tombouctou, Kidal, 
and parts of Mopti). Household ownership of at least one insecticide 
treated net (ITN) increased from 49% in 2006 to 84% in 2012. Use of ITNs 
increased between 2006 and 2012 among the general population (21% 
to 61%), pregnant women (28% to 73%) and children less than five 
years of age (26% to 69%). The proportion of recently pregnant women 
receiving at least two doses of sulfadoxine-pyrimethamine for prevention 
of malaria during pregnancy increased from 4% in 2006 to 20% in 2012. 
ACCM declined from 225 to 95 deaths per 1,000 live births between 
2001 and 2012. The declines of ACCM were greater in 2006-2012 (192 
to 95 deaths per 1,000 live births) compared to 2001-2006 (225 to 192 
deaths per 1,000 live births) corresponding to the period of rapid roll-out 
of malaria interventions. Changes in contextual factors such as vitamin A 
supplementation, diarrhea prevalence, and other socio-economic factors 
were also measured to develop a complete picture of mortality declines. 
Existing evidence from this analysis suggests that investments in malaria 
control interventions have contributed to observed declines in all-cause 
childhood mortality in Mali between 2001 and 2012.

899
PREVALENCE OF PLASMODIUM SPP. AND ANEMIA AMONG 
SCHOOL CHILDREN IN TWO ECOLOGICAL ZONES IN GHANA

Benedicta A. Mensah, Benjamin Abuaku, Anita Ghansah, James 
Myers-Hansen, Kwadwo A. Koram
Noguchi Memorial Institute for Medical Research, Accra, Ghana

Malaria remains a public health problem in Ghana. The prevalence of 
parasitaemia is usually determined by hospital-based surveys. However, a 
true representation of prevalence of parasitaemia in the population would 
be among healthy carriers of the malaria parasite in the population. We 
compare the prevalence of Plasmodium spp. and anemia among school 
children in the forest and the coastal zones of Ghana. Cross sectional 
surveys were conducted in a coastal savanna town (Cape Coast) and a 
town located in the Forest zone (Begoro) between October and November 
2013, representing the end of the peak malaria transmission season. A 
total of 1037 pupils aged between 6 and 14 years were screened from 
three randomly chosen basic schools. The overall parasite prevalence 
was 21% (95% CI: 17%, 24%) and 20% (95% CI: 17%, 24%) in 
coastal and forest zones, respectively. In the coastal zone three species of 
Plasmodium were identified: P. falciparum accounted for 79% (95% 
CI: 73%, 86%) of infections whilst P. malariae accounted for 14% (95% 
CI: 9%, 20%) and P. ovale accounted for 0.7% (95% CI: -0.7%, 2.0%) 
of the infections. In the forest zone, two species of Plasmodium were 

identified: P. falciparum and P. malariae accounted for 75% (95% CI: 
68%, 83%) and 22% (95% CI: 15%, 29%) of the infections, respectively. 
A few mixed infections (3% and 5.5%) were observed in the forest and 
coastal sites, respectively. Prevalence of asymptomatic parasitaemia was 
higher in male children than female children (56%; 95% CI: 49%, 63% vs 
44%; 95% CI: 37%, 51%; P= 0.004), and was associated with Anemia in 
children (Odds Ratio = 0.42, P <0.0001) adjusting for study site. There was 
no evidence of a difference in the mean parasite parasitaemia in all ages 
groups (F= 1.69, P =0.187) and between the study sites (T= -0.0082, P = 
0.9934). We conclude that though malaria parasite prevalence and mean 
parasitaemia, at the end of the peak transmission season, are same among 
school children in the coastal and forest zones of Ghana, asymptomatic 
parasitaemia is associated with gender and anaemia. Malaria interventions 
in basic schools should focus more on male children.

900
ESTIMATING THE MALARIA ATTACK RATE IN A TANZANIAN 
MILITARY CAMP. A COMPARISON BETWEEN SUBJECTS FROM 
IMMUNE AND NON-IMMUNE POPULATIONS FOR FUTURE 
MALARIA PROPHYLAXIS, VACCINE AND TREATMENT 
STUDIES

Mercy Chiduo1, Francis Filbert1, Charles Mwanziva2, Lucky Temu3, 
Sarah Chiduo3, David Schnabel4, George Amoo5, Lalaine Anova6, 
Colin Ohrt4, Eyako Wurapa4, Samuel Gesase1, Yadon M. Kohi2, 
Deus Ishengoma1, Dennis Janga2

1National Institute of Medical Research, Tanga Research Centre, Tanga, 
United Republic of Tanzania, 2Tanzania Peoples Defence Forces, Dar es 
Salaam, United Republic of Tanzania, 3Walter Reed Malaria Programme-
Tanzania, Dar es Salaam, United Republic of Tanzania, 4Walter Reed 
Army Institute of Research, Silver Spring, MD, United States, 5Amethyst 
Technologies LLC, Baltimore, MD, United States, 6ClinicalRM Inc., Hinckley, 
OH, United States

In Tanzania, malaria is the main cause of both in/out-patient attendance 
and deaths. Malaria is a major threat to non-immune travellers from 
malaria-free areas and peace keepers who are deployed to malaria 
endemic countries. This study is aimed at determining the malaria attack 
rate in groups from low and high transmission areas at malaria endemic 
national service (JKT) camps. This study was conducted at the Mgambo 
JKT camp in the Tanga region of Tanzania and involved military recruits 
originating from areas of low and high transmission. Consented recruits 
were screened negative for malaria, enrolled and followed-up biweekly for 
six months (a total of 12 visits). Blood smears were collected for malaria 
diagnosis by microscopy and subjects with positive malaria slides (study 
end point) were treated and censored. Each participant was screened 
for G6PD deficiency using a fluorescent spot test (FST). Of recruits 
enrolled (n=508), 67.1% came from low malaria transmission areas and 
11.7% had G6PD deficiency. 94.1% completed the 12 follow-up visits 
or met the study end point. The malaria positivity rate was 43.5 % and 
there was a trend towards a higher positivity rate among recruits from 
low compared to those from high malaria transmission areas (46.0% 
vs 38.3%, p=0.099). The malaria attack rate was 72 cases/100 with 
higher rates among recruits from low compared to those from high 
malaria transmission areas (79 cases/100 vs 61 cases/100, p=0.08) but 
the difference was not statistically significant. After adjusting for G6PD 
deficiency, endemicity and use of bed-nets, the risk of getting a malaria 
attack was significantly higher among recruits from low transmission areas 
(OR=1.50, 95% CI =1.04 - 2.17, p=0.029). Recruits from low malaria 
transmission areas were at a higher risk of malaria due to lower malaria 
immunity. However, similar parasite positivity and malaria attack rates 
in the two groups were possibly due to the high malaria transmission in 
Mgambo and the surrounding area from heavy rains during the study 
period.
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901
AUTOCHTHONOUS MALARIA IN THE ATLANTIC FOREST OF 
THE RIO DE JANEIRO STATE, BRAZIL

Anielle Pina-Costa
FIOCRUZ, Teresopolis, Brazil

Malaria transmission was considered eliminated from Rio de Janeiro (RJ) 
in 1968, but some autochthonous sporadic cases are still described. From 
2006 to 2014, 14 cases acquired in the state were diagnosed and treated 
at the National Institute for Infectious Diseases of Fiocruz, in tourists 
coming from areas covered by the Atlantic Forest. All were vivax malaria 
cases, with atypical parasites (morphologically different parasites with less 
numerous merozoites within the schizonts) as compared with the classical 
Plasmodium vivax. Antibodies (Ab) to all P. vivax CSP (circumsporozoite 
protein) variants, with predominance of VK210, were observed in patients. 
Thirty-six percent of patients were positive for the presence of Ab to 
the P.malariae/brasilianum CSP and 73 % had positive results for anti 
P. falciparum CSP Ab. We estimated the prevalence of Plasmodium 
infection by serological and molecular tests in the 220 case-contacting 
neighbors in an area within a perimeter of five kilometers around the index 
case. Positive serology for MSP1-19 (Elisa test) P. vivax in the neighboring 
contacting-population was around 58%, with titles ranging from 1:100 to 
1:3200. All individuals presented, however, as negative in the molecular 
tests. In all areas where serological and molecular tests were performed 
we have captured and identified vectors circulating in the locality. Most 
of them were Anopheles (Kerteszia) cruzii (Dyar and Knab, 1908) and 
none was found carrying parasites. Complementarily, we found a death 
free-living Alouatta from the Atlantic Forest with positive PCR (P. vivax/P. 
simium). These data point to the circulation of Plasmodium in the 
areas and, although they can support the hypothesis of autochthonous 
malaria as a zoonosis in the region, they also raise some questions on 
the transmission mechanisms: ie; the apparently high number of subjects 
carrying antibodies contrasting to the reduced number of malaria cases 
as well as the presence of almost only tourists among patients with 
symptomatic infection.

902
A PROSPECTIVE COHORT STUDY REVEALS NO ASSOCIATION 
BETWEEN ABO BLOOD GROUPS AND THE RISK OF 
UNCOMPLICATED MALARIA

Anna A. Minta1, Abdramane Traore2, Lala B. Sissoko2, Moussa 
Niagaly2, Abdrahamane Bathily2, Tuan M. Tran3, Shanping Li3, 
Ogobara K. Doumbo2, Safiatou Doumbo2, Kassoum Kayentao2, 
Aissata Ongoiba2, Peter D. Crompton3, Boubacar Traore2

1Laboratory of Immunogenetics, National Institute of Allergy and Infectious 
Diseases, National Institutes of Health, Johns Hopkins School of Medicine, 
Rockville, MD, United States, 2Malaria Research and Training Centre, 
International Center of Excellence in Research, University of Sciences, 
Technique and Technology, Bamako, Mali, 3Laboratory of Immunogenetics, 
National Institute of Allergy and Infectious Diseases, National Institutes of 
Health, Rockville, MD, United States

Although several studies have demonstrated an association between blood 
group O and reduced risk of severe Plasmodium falciparum malaria, the 
relationship between ABO polymorphisms and the risk of uncomplicated 
malaria remains unclear. To address this knowledge gap, we conducted 
a prospective cohort study of 510 children aged 3 months to 12 years in 
Mali during an intense 6-month malaria season. During the study period, 
P. falciparum infections and cases of febrile malaria were detected 
through bi-weekly PCR and weekly active clinical surveillance, respectively. 
The prevalence of ABO blood groups in this cohort was 25.5% A, 29.4% 
B, 6.9% AB, and 38.2% O. There was no association between ABO blood 
groups and the risk of P. falciparum infection. Multivariate analyses 
adjusting for confounders of malaria risk revealed no association between 
ABO blood groups and the time to febrile malaria, the risk of experiencing 
febrile malaria, or the incidence of febrile malaria. Finally, parasite densities 

during acute malaria were similar across ABO blood groups. Therefore, 
unlike sickle cell trait, which has clearly been linked to a reduced risk of 
both severe and uncomplicated febrile malaria, this study indicates that 
the protective effects of blood group O are restricted to severe malaria.

903
THE USE OF GPS DATA LOGGERS TO DESCRIBE SPATIO-
TEMPORAL MOVEMENT PATTERNS AND CORRELATIONS 
WITH MALARIA RISK IN AN AREA OF HYPERENDEMIC 
MALARIA IN NORTHERN ZAMBIA

Marisa A. Hast1, Mike Chaponda2, Kelly M. Searle1, James 
Lupiya2, Jailos Lubinda3, Tamaki Kobayashi1, Timothy M. Shields1, 
Modest Mulenga2, Frank C. Curriero1, William J. Moss1

1Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States, 2Tropical Disease Research Centre, Ndola, Zambia, 3Macha Research 
Trust, Macha, Zambia

Human movement has been identified as a potential driver for malaria 
transmission; however, the importance of this factor in different 
epidemiologic settings has not been fully examined. Nchelenge District, 
Luapula Province in northern Zambia has hyperendemic malaria, with 
a parasite prevalence greater than 50% by rapid diagnostic test (RDT). 
Participants enrolled in a longitudinal cohort as part of the Southern 
Africa International Centers of Excellence for Malaria Research (ICEMR) 
were invited to participate in a population movement study using GPS 
data loggers. During each bimonthly longitudinal household visit, 12-
15 participants aged 13 years and older were asked to carry a logger 
for one month. Data will be collected for a total of one year starting in 
August 2014, resulting in at least 80 participants over six data collection 
periods. GPS devices are motion activated and record GPS coordinates 
every 2.5 minutes while the participant moves. Following the month of 
data collection, the loggers were returned and participants answered a 
questionnaire and provided a finger prick blood sample for malaria RDT, 
microscopy, and PCR to detect Plasmodium falciparum DNA. Data were 
uploaded into ArcGIS and R statistical programs to produce movement 
tracks and density maps. Analyses were conducted to correlate cases of 
incident malaria with time spent near the home, use of bed nets, history 
of indoor residual spraying, and time spent in areas identified to be at high 
risk of malaria based on risk maps. The relative importance of malaria risk 
at the household compared with malaria risk in areas of daily movement 
are compared. To date, 54 participants have contributed over 1,500 
days of data comprising 115,000 GPS points. Half of the participants 
had incident malaria infections after their month of participation, with 
incidence slightly higher in men (57%) than women (47%). Data collection 
will be completed in June 2015.

904
PROGRESSIVE AND SUSTAINED DECLINE OF MALARIA 
BURDEN FOR NINE YEARS AT THE COMMUNITY LEVEL IN 
NORTHEASTERN TANZANIA

Acleus M. Rutta, Filbert Fransis, Bruno P. Mmbando, Deus 
S. Ishengoma, Ezekiel K. Malecela, Johari Y. Sadi, Mathias L. 
Kamugisha, Martha M. Lemnge
NIMR, Tanga, United Republic of Tanzania

Passive Case Detection involving early diagnosis and prompt treatment 
of malaria was introduced in 2006 in four villages (two in each of the 
lowland and highland strata) of Korogwe district, North-eastern Tanzania. 
A significant reduction in the incidence of malaria and parasite positivity 
rates was previously reported. We present further updates on the burden 
of malaria in this area with changing malaria epidemiology. In 2006, 
individuals with history of fever within 24 hours or fever at presentation 
(axillary temperature ≥37.5°C) were presumptively treated by Community 
Owned Resource Persons (CORPs) using sulphadoxine/pyrimethamine. 
From February 2007, individuals aged ≥5years with positive rapid 
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diagnostic test for malaria (mRDTs) were treated with artemether/
Lumefantrine (AL) while under-fives were treated irrespective of mRDT 
results. Logistic and Poisson regression were used to assess the changes 
in parasite positivity and incidence rates. Between January 2006 and 
December 2014, 21934 cases aged 0 - 98 years were attended whereby 
24.6% were under-fives and majority (68.9%) was from lowlands. Overall, 
30.9% of the cases had fever at presentation and the positivity rate was 
15.5%. Parasite positivity rate was significantly higher in the lowlands 
compared to highlands (16.6% Vs 13.4%; p<0.001). After adjusting for 
the effect of year, age and altitude strata, the positivity rate decreased by 
78% between 2006 and 2014 (OR =0.22, 95% CI = 0.16 - 0.31) and the 
incidence rate decreased by 75% (IRR =0.25, 95 % CI =0.18 - 0.34) with 
a significant decline in lowland compared to highland villages (p<0.001). 
However, the proportion of cases with fever remained unchanged (>30%). 
Despite a continued decline in the incidence of malaria and parasite 
positivity rates, fever cases remained unchanged. Future studies should 
address causes of persistently high level of febrile illnesses.

905
HIDDEN COST OF INFECTION: MALARIA ACCELERATES 
TELOMERE DEGRADATION

Muhammad Asghar1, Victor Yman1, Klara Sonden1, Manijeh Vafa 
Homann1, Dennis Hasselquist2, Staffan Bensch2, Anna Färnert1

1Karolinska Institutet, Stockholm, Sweden, 2Lund University, Lund, Sweden

Approximately one half of the global population lives in malaria endemic 
areas where majority of malaria infections occur in the form of chronic 
asymptomatic infections. The potential for any long-term effect of such 
chronic/repeated infections, where individuals either completely recovered 
or carry asymptomatic infections is poorly understood. We have recently 
shown accelerated ageing and reduced lifespan mediated through faster 
telomere degradation in birds with chronic asymptomatic malaria. Great 
reed warblers that pick up various species of malaria parasites while 
wintering in the tropics and become asymptomatically infected for life 
after an initial acute malaria. Although these birds are chronically infected 
with malaria parasites, we found that these asymptomatic infections 
reduce lifespan, as well as lifetime number and quality of offspring. 
Furthermore, these delayed fitness effects were mediated through faster 
degradation of telomeres, a result supported by additional controlled 
infection experiments on birds in captivity. In human accelerated telomere 
degradation has been found in chronic and inflammatory diseases. 
Whether malaria infections also have effect on telomeres in humans, we 
have analyzed travelers with single treated Plasmodium falciparum 
malaria infections that were repeatedly followed over a year at Karolinska 
University Hospital in Sweden. We found that malaria infections accelerate 
telomere degradation in humans even after successful treatment. 
Furthermore, telomere length restored in these patients one year post 
infection. Further understanding of dynamics of telomere attrition and 
restoration in relation to intensity of malaria exposure and chronicity of 
infections is needed.

906
MALARIA EPIDEMIOLOGICAL STRATIFICATION IN VIETNAM, 
2014

Thang D. Ngo1, Hung X. Le1, Hung M. Nguyen1, Thieu Q. Nguyen 
Q. Nguyen1, Trung D. Ho1, Xa X. Nguyen1, Anh Q. Nguyen1, Ha S. 
Dinh1, Nicholas Martin2, Colin Ohrt3, Duong T. Tran1, The NIMPE 
Advisory Group Members1

1National Institute of Malariology, Parasitology and Entomology, Hanoi, 
Vietnam, 2Naval Medical Research Centre - Asia, Singapore, Singapore, 
3University of California San Francisco, San Francisco, CA, United States

Malaria stratification is a classification of areas according to the risk 
of malaria and its level of endemicity. The malaria epidemiological 
stratification over the last five year period was implemented in all 
provinces (58) and cities (5) of Vietnam in 2014. The objective of this 

re-stratification was to identify different levels of malaria endemicity in 
order to develop more effective interventions for malaria control and 
elimination, based on the current malaria situation and national plan. 
Determination of indigenous malaria cases is a prerequisite for classifying 
each malaria zone. The seven indicators for the zone classification used 
were 1.) Average number of confirmed cases/1,000 population over the 
last 5 years, 2.) Presence of at least one of the three major malaria vectors, 
3.) Socioeconomic disadvantaged or border commune, 4.) Poor health 
system, 5.) Drug-resistant parasites, 6.) Chemically-resistant mosquitoes, 
and 7.) Migratory populations. Each indicator was scored and the sum 
of the scores was used to define the level of endemicity and priority for 
interventions. This score was used to characterize each commune (county 
equivalent) into one of five zones (no malaria transmission, area at risk 
for reintroduction of malaria, low (>0-1/1,000), medium (1-5/1,000), or 
high (>5/1,000)). The areas free of malaria included 5,840 communes 
(52% of communes, 64,541,280 people), while the area at risk of malaria 
resurgence included 3,448 communes (21,445,395 people). The low 
malaria endemic areas include 1,095 communes (7,710,946 people); the 
medium malaria endemic area consists of 529 communes (2,813,221 
people) ; the highly malaria endemic areas consisted of 240 communes 
(1,167,628 people). Based on these numbers 48% communes and 34% 
of the population are in endemic areas, with only 7% communes and 
4% of the population in moderate to high transmission areas. This new 
stratification will be used to set priorities and target malaria control 
and elimination efforts to the areas where they are most needed. It will 
highlight areas where the malaria program needs extra effort and helps to 
make the best use of limited resources.

907
IMPACT OF ONE VS. TWO ROUNDS OF ANNUAL INDOOR 
RESIDUAL SPRAYING (IRS) ON MALARIA PARASITAEMIA IN 
CHILDREN IN NORTHERN GHANA

Benjamin Abuaku1, Paul Psychas2, Philip Ricks3, Collins Ahorlu1, 
Peter Mumba4, David Mensah1, Sedzro Mensah1, William Sackey1, 
Samuel Oppong5, Kwadwo Koram1

1Noguchi Memorial Institute for Medical Research, Accra, Ghana, 
2University of Florida, Gainesville, FL, United States, 3United States Agency 
for International Development, Accra, Ghana, 4Ghana Africa IRS Project, 
Abt Associates, Accra, Ghana, 5National Malaria Control Programme, 
Public Health Division, Ghana Health Service, Accra, Ghana

The frequency of indoor residual spraying (IRS) is crucial for the 
effectiveness of IRS and the optimal allocation of malaria control resources. 
This study was conducted between November 2010 and April 2013 to 
compare the impact of annual vs biannual pyrethroid IRS in Bunkpurugu 
Yunyoo District (BYD), in the Northern Region of Ghana, which has high 
malaria transmission. BYD has a peak malaria season in September-
November, at the end of its single rainy season, and a low malaria season 
in March-April at the end of its dry season. For this study, half of BYD 
(Area A) was sprayed once a year prior to the rainy season and the other 
half (Area B) was sprayed prior to both the rainy and dry seasons, using 
a pyrethroid, alphacypermethrin (Fendona 5 WP, 25mg/m2 application 
rate) in both areas. IRS impact was measured by peak and low season 
parasitemia surveys among children under 5 years, starting with the pre-
IRS 2010 peak and 2011 low seasons as baselines. Probability proportional 
to size estimates (PPSE) gave a minimum sample size of 828 children per 
survey in each IRS area. All selected children were tested for parasitaemia 
by microscopy, and a questionnaire was used to collect demographic and 
health information. 826 to 1,022 children in each area were surveyed per 
round. For peak transmission season, parasitemia prevalence at baseline 
was marginally lower in Area A compared with B, 49.6% (95% CI: 46.2, 
53.1) vs 54.9% (95% CI: 51.9, 57.9), respectively. End-of-study peak 
season prevalence significantly declined to 44.4% (95% CI: 41.3, 47.6) 
in Area A whilst peak season prevalence in Area B remained unchanged 
at 50.7% (95% CI: 47.6, 53.7). For low season, the baseline prevalence 
in Area A, 31.7 % (95% CI 28.8, 34.8), was significantly lower than in 
Area B, 39.1% (95%CI 35.6, 42.6). End-of- study low season prevalence 
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significantly declined in both sites to 24.1% (95% CI: 21.5, 26.9) in 
Area A and 26.3% (95% CI: 23.6, 28.9) in Area B. There is no consistent 
evidence that IRS with pyrethroids applied twice a year was more 
effective than once a year in this district, where there is a short uni-modal 
transmission season.

908
HIGH PREVALENCE OF MALARIA DESPITE PREVENTION 
AMONG PREGNANT WOMEN ATTENDING A DISTRICT 
HOSPITAL IN DOUALA, CAMEROON

Leopold G. Lehman1, Gaëlle Mbiakop Kemajou1, Celestin Zam-
Ngono2, Loick P. Kojom Foko1, Larissa Kouodjip Nono3, Herve 
Nyabeyeu Nyabeyeu1, Arlette L. Ngapmen Yamadji3, Lafortune 
Kangam3, Nicolas Nolla1, Calvin Tonga1

1University of Douala, Douala, Cameroon, 2District Hospital of Cité 
des Palmiers, Douala, Cameroon, 3University of Yaounde I, Yaounde, 
Cameroon

Gestational malaria is still a major health problem in Cameroon despite 
free delivery of IPT nationwide. Epidemiological data are needed to 
monitor the effectiveness of the preventive measures undertaken so 
far. This study aimed at determining an update of the prevalence and 
determinants of malaria in a District Hospital in Douala; the biggest 
town of Cameroon. A cross-sectional study was conducted at the 
District Hospital of Cité des Palmiers in Douala for a three-month period 
(May - July 2013). Pregnant women were met within the hospital and 
a questionnaire was administered to collect socio-demographical, 
midwifery and malaria-related data. In addition Giemsa stained thick film 
was performed for malaria diagnosis at their admission. A total of 121 
pregnant women aged 17 to 42 were included in the study. The overall 
prevalence of malaria infection was high (81/121; 66.94%) among the 
women. However, the majority of infections were asymptomatic (67/121; 
55.37%) despite the high coverage of IPT (92.6%). IPT was not timely 
related to routine diagnosis. The rate of ITN ownership was 63.6% 
and malaria infection varied significantly with respect to parity (9χ2 = 
6.23; p = 0.016). Women living in wooden houses had more mosquito 
nets and were less infected than those living in block houses. Negative 
correlations, however not significant were observed between malaria 
infection and IPT (z = - 1.38; p = 0.16) and also between malaria infection 
and antenatal consultation (z = -1.41; p = 0.16), More than two-third of 
pregnant women were infected with malaria despite multiple preventive 
actions undertaken by the Cameroonian government. The high rate of 
asymptomatic infection suggests that active case detection could be 
helpful as well as synchronization with prevention tools like sanitation and 
the use of contact repellents.

909
MALARIA CHARACTERISTICS AND TRENDS, UNIVERSITY 
HOSPITAL, TEGUCIGALPA, HONDURAS, 2000-2014

Jackeline Alger, Jorge A. Garcia
University Hospital, Tegucigalpa, Honduras

The University Hospital is the main public health hospital in Honduras. 
Parasitology Service, Clinical Laboratory Department, performs malaria 
diagnosis using Giemsa stained thick/thin smears/slide (Mon-Fri, 6 am – 1 
pm). Patient registration forms were reviewed with the aim to describe 
malaria characteristics and trends for the period 2000-2014. A database 
was prepared from daily/monthly registration reports. Microscopic 
diagnosis is described as number and average examined blood smears 
and positive smears by parasite species/year. For the period 2007-
2014, epidemiologic and clinical characteristics of positive patients are 
described, including age, sex, origin of infection, pregnancy status, and 
therapeutic response. During the 15-year period, 723 annual average 
requests were analyzed (range 333-1043), including 677 average new 
cases (301-962), and 30 average post-treatment controls (9-59). A total 
of 665 malaria cases were diagnosed (44 annual average, range 15-

84), 87.5% (582) Plasmodium vixax, 11.4% (76) P. falciparum, and 
1.0% (7) mixed infections; 64.1% (426) subjects >15 years old, 20.0% 
(133) 5-14 age group, 6.6% (44) 1-4 age group and 3.8% (25) <1 year 
old; 5.6% (37) no age recorded. In 2007-2014, there were 27 cases in 
pregnant women, average age 21.4 years (14 – 42), 92.6% (25) P. vivax. 
In 2009-2014, there were 228 malaria cases from which the therapeutic 
response was evaluated in 127 (55.7%), 118 (51.8%) P. vivax, 8 (3.5%) P. 
falciparum, 1 (0.4%) mixed infections. The origin of infection was traced 
to Francisco Morazán 38.6%, other departments 48.7%; Congo, Africa 
0.4%; blood transfusion 0.9%, and no information 11.4%. All cases 
showed good clinical and parasitological response to chloroquine 25 mg/
Kg in 48 hours, except one case that required a second cycle. In the last 
three years, annual cases are below the 15-year period annual average 
number (44) and are decreasing (40, 26, 15). Because its characteristics 
and performance in clinical care, academic and research activities, the 
University Hospital plays an important surveillance and response role, 
contributing to the activities for malaria elimination in Honduras.

910
THE IMPACT OF FIONET™ TECHNOLOGY ON PASSIVE 
MALARIA SURVEILLANCE IN TANZANIAN MILITARY HEALTH 
SYSTEM

Christopher Mswanya1, Akili Kalinga2, Lucky Temu3, Lalaine 
Anova4, Eyako Wurapa5, Colin Ohrt5, Sarah Chiduo3, George 
Amoo6, Charles Mwanziva1, Ian Fine7, Geeta Bhat7, Dennis Janga1

1Tanzania Peoples Defense Force, Dar es Salaam, United Republic of 
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Programme-Tanzania, Dar es Salaam, United Republic of Tanzania, 
4ClinicalRM, Hinckley, OH, United States, 5Walter Reed Army Institute of 
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Baltimore, MD, United States, 7Fio Corporation, Toronto, ON, Canada

Malaria is a major cause of death and illness in Tanzania. In the military 
health system, malaria surveillance relied on microscopy data; the reliability 
of malaria microscopy is highly dependent on technician expertise. 
Recently, malaria rapid diagnostic tests (RDTs) and Fionet™ were deployed 
to support malaria diagnostics in selected military health facilities. Fionet™ 
is a digital health system that improves field performance and oversight 
of rapid diagnostic testing. Fionet™ is a web-based workflow guidance 
designed for use with standard mobile devices and the Deki Reader™ (DR). 
It provides step-by-step guidance for performing RDTs. The DR captures 
a digital record of each RDT performed and allows web-based oversight 
of RDTs is enabled to provide real time case management. Fionet™ was 
deployed in eight military health facilities throughout Tanzania. 85% 
(33648/39585) of RDTs were analyzed and uploaded through Fionet. 
Fionet enabled real-time data tracking and reporting. 33% and 80% of all 
data from the sites were uploaded in <1 hour and 24 hours respectively. 
Prior to Fionet™ implementation, malaria surveillance data typically took 
30-40 days to reach TPDF headquarters and did not affect clinical decision-
making. Also, remote monitoring enabled managers to instantly correct 
site personnel, thus reducing errors in preparation and interpretation of 
test results. Due to the availability of real time data, malaria incidence 
was determined at each site and the needed supply chain support was 
more efficient by reducing waste. In addition, collected surveillance data 
demonstrated which TPDF camps suffered the highest malaria incidence, 
which supported the selection of study sites for further epidemiological 
studies through active malaria case detection. Fionet™ has improved 
diagnostic capacity, real-time malaria data tracking and reporting. It has 
affected informed decision making positively.
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IMPACT OF INTERMITTENT MASS SCREENING AND 
TREATMENT (IMSAT) ON COMMUNITY MALARIA 
PARASITEMIA PREVALENCE IN AN AREA OF HIGH 
TRANSMISSION - KENYA 2013-2014

Aaron M. Samuels1, Norbert Awino Odero2, Wycliffe O. 
Odongo2, George Okoth2, John Williamson1, Kephas Otieno2, 
Peter Otieno2, Ya P. Shi1, Mary J. Hamel1, Kim Lindblade1, S. Patrick 
Kachur1, Simon Kariuki2, Meghna Desai1
1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
2Kenya Medical Research Institute, Kisumu, Kenya

The asymptomatic malaria infected population contributes significantly to 
the infectious reservoir. Strategies targeting this population may help to 
reduce malaria transmission. We implemented a multi-year, community-
based, two-arm cluster randomized controlled trial to evaluate the 
impact of intermittent mass screening and treatment (iMSaT) on malaria 
parasitemia prevalence in an area with high long-lasting insecticide-
treated bednet (LLIN) coverage in Siaya County, Kenya. Villages within 
3km of each of 10 health facilities were grouped into two clusters. One 
cluster was randomly assigned to intervention- the other to control. 
All residents ≥1 month of age in intervention communities (n>27,000 
persons) received three rounds of mass screening with malaria rapid 
diagnostic tests (RDTs) and all positives were treated. Coverage (percent 
of intervention population screened) was 73.0% in September 2013, 
79.5% in January 2014, and 75.0% in April 2014. Cross-sectional surveys 
(XSS) were conducted during peak malaria transmission in July 2013 
(baseline) and 2014 (post-intervention). In each XSS, twenty compounds 
from each of twenty clusters were randomly selected from a complete 
list of compounds. Finger-prick blood samples were tested for malaria by 
light microscopy. Prevalence ratios (PR) were analyzed using generalized 
estimating equations. Study population demographics and LLIN coverage 
and use were similar between arms and surveys. Baseline prevalence 
(n=1893 residents) in the control and intervention arms were 37.6% 
(95% confidence interval [CI], 33.3-42.4) and 34.3% (95% CI, 29.3-39.5), 
respectively. After three rounds of iMSaT, malaria prevalence (n=1934 
residents) in the control and intervention arms were 38.7% (95% CI, 34.4-
43.6) and 32.0% (95% CI, 26.6-38.4), respectively. After one year of three 
rounds of iMSaT, the prevalence ratio for the relative change in malaria 
parasitemia prevalence between the intervention and control communities 
was 0.91 (95% CI: 0.78-1.06), a relative decrease of 9% (p=0.21). The 
second year of iMSaT is underway and data from the third XSS will be 
available by August 2015.

912
ASSESSING THE FEASIBILITY OF MALARIA ELIMINATION 
EFFORTS AMONG WORKERS EMPLOYED ON PRIVATE 
PLANTATIONS IN CAMBODIA

Rebecca Thomson1, Sochea Phok2, Abigail Pratt2, Amanda 
MacDonald2, Henrietta Allen2, Sok Kunthy3, Sok Chamrouen3, Kim 
Daro3, Sourn Samean3, Sok Ra3, Chan Sovottha3, Nou Panharith3, 
Gary Mundy4, Shunmay Yeung1

1London School of Hygiene & Tropical Medicine, London, United Kingdom, 
2Population Services International, Phnom Penh, Cambodia, 3Partners for 
Development, Phnom Penh, Cambodia, 4Population Services International, 
Bangkok, Thailand

Resistance of Plasmodium falciparum to artemisinin is a serious 
global health challenge, and has been increasing in South-East Asia. As 
malaria prevalence declines in this region, new approaches to target 
asymptomatic carriers must be adopted to eliminate P. falciparum. 
Mobile and migrant populations, especially those working in forests and 
plantations, are considered to be at high risk and pose considerable risk 
of spreading artemisinin resistant malaria, both within and across borders. 
We carried out a plantation worker survey in Northeast Cambodia to 

understand better how to target these groups. Forty plantations were 
visited in June (dry season) and October (wet season). 4,227 workers 
were interviewed and had blood samples taken. Plantation workers were 
classified as temporary or permanent, and individual and plantation level 
risk factors for malaria infection were analysed. Malaria prevalence was 
very low: 0.9% in the dry season and 1.1% in the wet season (p=0.11) by 
polymerase chain reaction. The strongest risk factor was plantation size, 
with the odds of infection by P.falciparum decreasing as the plantation 
size increased in the dry season (odds ratio=0.084, p=0.008), and the 
wet season (OR=0.81, p=0.009). High levels of parasitemia was clustered 
around certain plantations, with three having prevalence of over 10% in 
the wet season and one with a 30% prevalence. Migrant workers were 
no more likely than permanent workers to have malaria in the dry season 
(0.83% and 0.85%, p=0.904) and more likely to be parasitemic in the 
wet season, although not significant (1.9% and 0.9%, p=0.109). Forest 
exposure and previous travel are shown to affect infection in the wet 
season. Low malaria prevalence on plantations suggests that mass drug 
administration on plantations is not likely to be the most effective way 
to target this population. Seasonal targeting of certain workers and on 
certain plantations may be the best approach.

913
PLASMODIUM VIVAX TRANSMISSION IN AFRICA

Rosalind E. Howes1, Robert C. Reiner, Jr2, Katherine E. Battle1, 
Peter W. Gething1, Peter A. Zimmerman3, David L. Smith4, Simon 
I. Hay5

1Department of Zoology, University of Oxford, Oxford, United Kingdom, 
2Department of Epidemiology and Biostatistics, School of Public Health, 
Indiana University, Bloomington, IN, United States, 3Center for Global 
Health and Diseases, Case Western Reserve University, Cleveland, OH, 
United States, 4Sanaria Institute for Global Health and Tropical Medicine, 
Rockville, MD, United States, 5Wellcome Trust Centre for Human Genetics, 
University of Oxford, Oxford, United Kingdom

Malaria in sub-Saharan Africa has historically been almost exclusively 
attributed to Plasmodium falciparum. The high prevalence of Duffy 
negativity provided a rationale for excluding the possibility of P. vivax 
(Pv) transmission. Current diagnostic and surveillance systems are 
not designed to identify or report Pv accurately, resulting in a void 
of routine epidemiological data about its significance in sub-Saharan 
Africa. Review of varied evidence sources, including traveller infections, 
community prevalence surveys, local clinical case reports, entomological 
and serological studies, however, contradicts dogma. Here, these data 
reports are weighted in a unified framework to reflect the strength of 
evidence of indigenous transmission they provide in terms of diagnostic 
specificity, magnitude of individual reports and corroboration between 
evidence sources. Strong evidence of transmission was available from 12 
of the 47 countries evaluated (26%), distributed across West, Central, and 
Eastern Africa, while four had no evidence of transmission. Approximately 
86 million Duffy positive hosts were at risk of infection in Africa in 
2015. Analysis of the mechanisms sustaining Pv transmission across this 
continent of low frequency of susceptible hosts, found that Pv prevalence 
was consistent with transmission among exclusively Duffy positive sub-
populations. Finally, reports of apparent Duffy-independent transmission 
are discussed. While Pv is evidently not a major malaria parasite across 
most of sub-Saharan Africa, the evidence-base presented here highlights 
its widespread low-level endemicity across the continent. An increased 
awareness of Pv as a potential malaria parasite, coupled with policy 
shifts towards the use of combination rapid diagnostic tests and species-
specific reporting, will allow a robust assessment of the true public health 
significance of Pv in Africa, a parasite currently invisible to most public 
health authorities, but which can cause severe clinical illness and requires 
specific control interventions.
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URBAN MALARIA INCIDENCE AND GEOGRAPHIC 
CLUSTERING ACROSS AN URBAN-TO-RURAL CONTINUUM: 
RESULTS FROM A CASE-CONTROL STUDY OF CHILDREN IN 
BLANTYRE, MALAWI

Lindsay R. Townes1, Atupele Kapito-Tembo2, Don P. Mathanga2, 
Karl B. Seydel3, Andrew Bauleni2, Kondwani Nkanaunena2, Clarissa 
Valim4, Terrie E. Taylor3, Mark L. Wilson1
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Urban areas pose challenges to malaria prevention because the location of 
transmission is often unknown, household-level environmental conditions 
are highly diverse, and the definition of “urban” is debatable. As part of 
a case-control study of malaria among under-fives in and around Blantyre 
City, Malawi, we analyzed disease patterns and risk factors associated 
with environmental, demographic and infrastructural characteristics. 
Blantyre (~1.1M pop.) has highly diverse land use/land cover (LU/LC), 
house density, facilities and services inside its ~225 sq km city limits. Active 
surveillance at 6 health facilities (HFs) inside and peripheral to the city 
was undertaken from April 2012 - October 2014. Children with malaria 
symptoms who were PCR-positive for Plasmodium infection (cases) 
were age- and location-matched with one or two PCR-negative children 
(controls) from the same HF. A total of 202 cases and 353 controls met 
the eligibility, consent, and matching criteria. Follow-up household visits 
determined each house location, construction traits, and peri-domestic 
LU/LC. A standardized questionnaire addressed demographics, malaria 
prevention, and travel-associated risk. GIS analyses of household location, 
geographical features, and satellite-image derived LU/LC compared cases 
and controls, controlling for demographic and behavioral factors. The 
urban-rural status of each household was classified by measures e.g. 
census population, house density, peri-domestic agriculture, proximity 
to infrastructure, and a PCA-derived “urbanicity score.” Multivariate 
statistics demonstrated no simple associations between case-control 
status and standard definitions of “urban.” However, household-level LU/
LC and geographic features were highly predictive of malaria risk. Spatial 
statistical analyses suggested clustering unrelated to governmental urban 
designations, whereas derived classifications involving LU/LC and other 
measures were more predictive. Our findings have important implications 
for household- and community-level malaria risk, and for where malaria 
control efforts might be most effective.

915
USE OF LONG-READ DEEP-SEQUENCING TO CHARACTERIZE 
GENETIC DIVERSITY AND PATHOGENIC VARIANTS OF 
VAR2CSA IN WOMEN WITH PLACENTAL MALARIA

Jaymin C. Patel1, Steve M. Taylor2, Christian M. Parobek3, 
Nicholas J. Hathaway4, Kyaw L. Thwai1, Mwayi Madanitsa5, Victor 
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Placental malaria causes maternal anemia, severe malaria, infant death, 
preterm birth and low birth weight (LBW), largely owing to Plasmodium 
falciparum sequestration in the placenta. The sequestration results from 
the binding of infected erythrocytes (IEs) to placental chondroitin sulfate 
A (CSA); this interaction is mediated by P. falciparum protein VAR2CSA 
expressed on the surface of IEs. Within VAR2CSA, the ID1-DBL2x-ID2 
region both binds CSA with similar avidity as the entire protein as well as 
elicits cross-reactive immune responses in vitro. Therefore, the ID1-DBL2x-
ID2 region is a promising candidate for vaccines against placental malaria. 
Such a vaccine may be enhanced by the identification of pathogenic 
variants of VAR2CSA, owing to the great sequence diversity of var2csa 
genes. However, the extent of genetic diversity of the ID1-DBL2x-ID2 
region is incompletely understood, and no pathogenic var2csa genotypes 
have been described. Using placental and peripheral blood samples from 
150 P. falciparum infected pregnant women in Benin and Malawi, we 
are conducting a molecular epidemiologic study to use next-generation 
sequencing technology in order to characterize the genetic diversity of 
the 1.5kb ID1-DBL2x-ID2 region and identify pathogenic variants that are 
associated with adverse birth outcomes. Alpha (within group) and beta 
(between groups) diversity will be compared between pregnant women 
of differing gravidities and birth weight. Additionally, genetic diversity 
will be compared between paired peripheral and placental samples from 
women with malaria at delivery to better understand the role of var2csa 
in cytoadherence of IE to the CSA and the subsequent sequestration 
in the placenta. Initial testing of 7 clinical samples from Malawi yielded 
15 unique haplotypes occurring at a wide range of frequencies (80-
1%), indicating that there exists a large reservoir of quantifiable var2csa 
variants. By exploiting this diversity using new sequencing technologies 
and analytic approaches, the results from the study will help elucidate the 
pathogenesis of malaria in pregnancy and directly inform on-going vaccine 
development efforts.
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A DEEP SEQUENCING APPROACH TO ESTIMATE MALARIA 
COMPLEXITY OF INFECTION IN THE DEMOCRATIC REPUBLIC 
OF CONGO
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Kashamuka Mwandagalirwa4, Antoinette Tshefu5, Steven R. 
Meshnick6, Steve M. Taylor7, Jeffrey A. Bailey2, Jonathan J. Juliano3, 
V. Ann Stewart1
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In areas of stable malaria transmission, asymptomatic malaria infections 
can consist of multiple genetically distinct Plasmodium falciparum 
strains. These multi-strain P. falciparum infections can impact malaria 
transmission dynamics, reduce treatment efficacy, influence clinical 
outcomes, and facilitate the emergence of novel malaria parasites with 
increased virulence and drug resistance mechanisms. The number of 
genetically distinct P. falciparum strains within a host is defined as the 
Complexity of Infection (COI). In this study, we utilized a deep sequencing 
approach designed to detect minor frequency alleles and estimate P. 
falciparum COI. We targeted a subset (n=81) of human DNA samples 
collected as part of the 2007 Demographic and Health Survey (DHS) in 
the Democratic Republic of Congo (DRC). Additional samples (n=965) 
were grouped based on geographic locations and pooled together to 
generate 88 population clusters distributed across the DRC. DNA extracted 
from each blood sample was utilized as template for PCR amplification 
of the polymorphic single-copy P. falciparum apical membrane antigen 
1 (pfama1) gene. Resulting PCR products were deep sequenced on 
the Ion Torrent Platform and pfama1 haplotypes were determined via 
a custom bioinformatics pipeline. Potential confounders, such as age, 
sex, geographic location, and HIV status were analyzed to determine the 
impact on the pfama1 haplotypes and COI within a single individual.

917
IN VIVO EFFICACY AND SAFETY OF ARTEMETHER/
LUMEFANTRINE VS DIHYDROARTEMISININ-PIPERAQUINE 
FOR TREATMENT OF UNCOMPLICATED MALARIA AND 
ASSESSMENT OF PARASITE GENETIC FACTORS ASSOCIATED 
WITH PARASITE CLEARANCE OR TREATMENT FAILURE

Celine Mandara1, Deus Ishengoma1, Samuel Gesase1, Esther 
Ngadaya2, Janneth Mghamba3, Peter Mmbuji3, Sigsbert Mkude4, 
Renata Mandike4, Ritha Njau5, Ally Mohamed4, Martha Lemnge1
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Country Office, Dar es Salaam, United Republic of Tanzania

Following changes of malaria treatment guidelines in Tanzania in 2006, 
Artemether/Lumefantrine (AL) was the only ACT which was introduced 
for treatment of uncomplicated falciparum malaria. However, alternative 
drugs such as dihydroartemisinin-piperaquine (DP) are urgently required 
to ensure effective case management.To assess the efficacy and safety of 
DP and AL for treatment of uncomplicated falciparum malaria and the role 
of parasite genetic/genomic factors on the treatment outcome among 
patients treated with these ACTs.This was an open-label, randomized, 
non inferiority trial that recruited children aged 6 months to 10 years with 

uncomplicated malaria at two sites of Muheza District Hospital and Ujiji 
Health Centre in Tanga and Kigoma regions, respectively. Enrolled children 
were treated with either AL or DP and followed-up for 28 (extended to 42) 
and 42 (63) days for AL and DP, respectively. Parasite and fever clearance 
were monitored in the first 72 hours post treatment. The primary outcome 
was parasitological cure on days 28 and 42 for ALu, and day 42 and 63 for 
DP. Of the 1094 patients screened, 492 were enrolled with more patients 
enrolled at Ujiji (n=317) compared to Muheza (n=192). There was no 
early treatment failure and the crude cure rates on day 28 were 72.2% 
and 72.0% in patients treated with AL at Muheza and Ujiji, respectively. 
For the patients treated with DP, the cure rate on day 42 was 77.5.0% 
at Muheza and 76.5% at Ujiji. With extended follow-up to day 42 for 
ALu and day 63 for DP, the cure rates were lower in the two groups and 
at both sites (Muheza, 58.6.0% and 61.6%; Ujiji, 50.0% and 47.1%, 
for ALu ad DP, respectively). Over 50.0% of patients from Muheza had 
not cleared parasites after 40hrs post treatment (compared to <10.0% 
at Ujiji) and only one patient treated with DP at Muheza (1.1%) still had 
parasites after 72hrs. High parasite clearance for both drugs indicates 
that there is no tolerance/resistance to artemisinins. However, high rate of 
treatment failure among patients treated with AL and DP could be due to 
re-infections which will be corrected after PCR analysis.

918
GENETIC SIGNATURES OF MALARIA SELECTION VALIDATED 
BY ASSOCIATION WITH CURRENT AND HISTORIC MEASURES 
OF MALARIA TRANSMISSION INTENSITY

Nuno Sepulveda, Alphaxard Manjurano, Taane Clark, Eleanor 
Riley, Chris Drakeley
London School of Hygiene & Tropical Medicine, London, United Kingdom

Malaria exerts strong selection pressure on the human genome as 
evidenced by the congruence of the population prevalence of malaria 
parasites with sickle-cell trait and other haemoglobinopathies. Proxies of 
malaria transmission intensity, such as altitude, have also been used to 
demonstrate genetic associations with malaria. In this study we examined 
the variation of human genetic polymorphisms as function of three 
measures of malaria transmission with differing longevity: village altitude 
as measure of long term malaria transmission, anti-malarial antibody 
seroconversion rate as a medium term transmission measure and village 
level parasite prevalence as a measure of current transmission. Samples 
were collected from 8138 individuals aged 1-45 years resident in 24 
villages in north east Tanzania; village altitude ranged from 165 to 1788 
above sea level, seroconversion rates from 0.019 to 0.941 person per year 
and Plasmodium falciparum parasite prevalence from 17.3 to 96.5%. 
Genotyping was conducted using Sequenome Massarray for 275 single 
nucleotide polymorphisms (SNPs) previously associated with protection 
from malaria; 175 passed a very strict quality check. By analysing the 
summary data of the villages we showed that alpha-thalassaemia, sickle-
cell gene, a specific mutation in CD36 and several SNPs on the G6PD locus 
were strongly associated with long-term malaria exposure. We also found 
moderate associations between recent-to-current malaria exposure and 
several polymorphisms on immune response genes, including IL3, IL13 and 
TNF. The performed analysis highlights the strength of integrating large 
and detailed epidemiological studies with high-throughput genotyping 
technologies, thus providing robust evidence for the long-term genetic 
selection of sickle cell and alpha-thalassaemia traits and a mutation in 
CD36 and more recent genetic selection of several immune-related genes.
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EVOLUTIONARY RATES OF PLASMODIUM SPP. 
GAMETOCYTE EXPRESSED GENES AND THEIR PUTATIVE 
ROLE AS UNIVERSAL TRANSMISSION BLOCKING VACCINE 
CANDIDATES
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Although efforts to reduce malaria transmission have been highly 
successful, the development of resistance to antimalarial drugs by the 
parasite and to insecticides by the vector may hamper their sustainability. 
In addition, marked differences between transmission patterns and life 
cycles of the major causal agents (Plasmodium vivax and P. falciparum) 
increase the complexities that elimination programs are facing worldwide. 
Among the alternatives considered to overcome these obstacles, 
transmission blocking vaccines (TBV) have gained interest due to their 
ability to disrupt transmission and, in some cases, generate lasting immune 
responses. Given that many proteins are orthologous across the genus, 
some focus has been given to finding a universal malaria vaccine. In this 
study, the long term evolutionary trends of 312 genes with gametocyte 
biased expression were evaluated across 7 Plasmodium species. Also, 10 
known TBVs candidates currently under different stages of development 
were evaluated. We first estimated the rates of synonymous (Ds) and non-
synonymous (Dn) substitutions correcting by time. The difference on the 
variation of Ds (F(0.7579)=0.3847, p>.05) and Dn (F(0.3903)=0.532633, 
p>0.05) rates was not statistically significant between gametocyte sexes. 
However, variation of the Dn rate between membrane vs. non-membrane 
expressed genes regardless of sex was significant, F(9.1960)=0.002646, 
p>0.05. Episodic selection was detected on the P. vivax or P. falciparum 
branches in 52 genes. However, a more stringent analysis adding 4 
Plasmodium species detected evidence for episodic selection only on 
18 of those 52. Although many genes expressed in the gametocytes are 
highly conserved, still a few of them are less conserved or even under 
episodic selection in P. vivax or P. falciparum. Considering this long-
term term evolutionary trends is important for those actively exploring 
TBV candidates that could elicit cross-reactive immunity between both 
parasites.

920
NEXT GENERATION SEQUENCING METHODS FOR THE 
ANALYSIS OF COMPLEXITY OF INFECTION IN MALARIA 
PATIENTS IN INDIA
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Bandyopadhyay2, Prashant K. Mallick2, Shobhna Mishra2, Lalitha 
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Genetically complex malaria infections comprising two or more distinct 
clones of the parasite Plasmodium within the host can influence 
disease phenotypes and outcome, vector transmission, and resistance to 
antimalarial drugs. Deep-sequencing methods provide high resolution, 
scalability and sensitivity, and are thus especially suited for the examination 
of intra-host diversity of malaria infections. We developed an amplicon 
sequencing protocol for the Ion Torrent sequencing platform in order 
to evaluate complexity of infection in P. vivax isolates. Based on SNP 
incidence and frequency obtained from whole genome sequencing of 
200 global field isolates of P. vivax, we selected a panel of five loci in 
highly polymorphic genes, which includes members of the MSP and 
SERA multigene families. We carried out a pilot amplicon sequencing run 

using mixtures of P. vivax reference strains to assess whether SNP allele 
frequencies at the selected loci can be used to determine the relative 
proportion of individual strains in these mixtures. Subsequently we will use 
this amplicon panel to evaluate the within host diversity of P. vivax isolates 
from three epidemiologically different sites in India, namely, Chennai (Tamil 
Nadu), Nadiad (Gujarat), and Raurkela (Odisha), as part of the Center for 
the Study of Complex Malaria in India.

921
POLYMORPHISM OF MALARIA VACCINE CANDIDATE 
MEROZOITE SURFACE PROTEIN 5 (MSP5) IN MALIAN 
PLASMODIUM FALCIPARUM USING PACIFIC BIOSCIENCES 
AND SANGER SEQUENCING PLATFORMS
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The highly polymorphic nature of most candidate vaccine antigens may 
hamper an initially efficacious vaccine’s short or long term success in 
the field. Haplotype prevalence and genetic diversity within vaccine 
candidate merozoite surface protein 5 (MSP5) were estimated from 
specimens collected from asymptomatic infections (n=42) and clinical 
malaria episodes (n=42) in children from Bandiagara, Mali, by Sanger 
sequencing and Pacific Biosciences (PacBio) single molecule real-time 
sequencing methods. PCR primers were designed to amplify a 3800 base 
pair product that encompasses the genomic segment encoding MSP5. 
Equimolar amounts of each sample amplicon were pooled for multiplex 
PacBio sequencing. Amplicons were individually assembled for each 
sample after barcode-based demultiplexing. Using Sanger sequencing 
methods we identified 92 unique sequences based on chromatogram 
peak heights. We generated 123 MSP5 sequences by PacBio sequencing 
with an average, minimum and maximum of 1.4, 1 and 5 sequences per 
sample, respectively. The average gene coverage by PacBio platform was 
97X (range: 9-500) while an average predicted accuracy of 95% (range: 
0.33-1) was observed. Overall, sequencing using the Sanger platform cost 
$82 dollars per sample while PacBio-generated sequence cost $62 per 
sample. The results from this study show that PacBio sequencing is a cost-
effective alternative to Sanger sequencing, and that this third-generation 
sequencing platform can detect more diversity than that identified using 
Sanger sequencing.

922
EUPATHDB: AN INTEGRATED GENOMIC DATA RESOURCE 
FOR EUKARYOTIC PATHOGENS

Susanne W. Warrenfeltz1, Brian P. Brunk2, Omar S. Harb2, Jessica 
C. Kissinger1, David S. Roos2, Christian J. Stoeckert2, Jie Zheng2, for 
the EuPathDB team.
1University of Georgia, Athens, GA, United States, 2University of 
Pennsylvania, Philadelphia, PA, United States

The Eukaryotic Pathogen Database Resource (http://eupathdb.org) is a 
free online omics resource that provides a large number of search and 
analysis tools to the research community. These include: comparative 
genome analysis, population genetics tools, functional enrichment 
analysis, data visualization and advanced search capability across a 
large number of genome sequences and functional datasets. EuPathDB 
integrates diverse data types (genome sequence/annotation, proteomics, 
RNA-Seq, metabolomics, population re-sequencing, SNPs, etc.) and 
applies a standard analysis pipeline to all sequences that generates data 
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such as domain predictions, orthology profiles and GO term associations. 
Functional genomics datasets are also analyzed with standard workflows, 
providing a base for comparing, visualizing and mining data within or 
across different datasets with only a Web browser. EuPathDB specifically 
supports eukaryotic pathogens for taxon-specific data mining (AmoebaDB.
org, CryptoDB.org, FungiDB.org, GiardiaDB.org, MicrosporidiaDB.org, 
PiroplasmaDB.org, PlasmoDB.org, ToxoDB.org, TrichDB.org, TriTrypDB.
org) as well as cross-taxon inquiries (EuPathDB.org) and orthology 
inferences across representative organisms from the three kingdoms of 
life (OrthoMCL.org). Over the next few years EuPathDB will be developing 
new tools and functionalities that include a private user workspace for 
primary data analysis, functional analysis tools for result summarization, 
genome browser and query improvements. The power of EuPathDB lies in 
the large number of genomes (>224) and integrated functional datasets 
(>180); sophisticated data mining optimized to support hypothesis driven 
research; an intuitive graphic web-interface; fast transition between data 
mining and visualization; and the capacity to mine the details of a single 
genome-wide dataset or mine across several datasets. EuPathDB provides 
support via email (help@eupathdb.org), Web demonstrations and help 
desks, encouraging suggestions for pertinent datasets and new features. 
Please visit us in the exhibitor hall for a demonstration.
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GENETIC DIVERSITY OF VAR2CSA FROM FIELD ISOLATES, 
BASED ON A COMBINATION OF LONG-RANGE PCR AND 
SINGLE-MOLECULE SEQUENCING
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Pregnancy-associated malaria, PAM, a leading cause of maternal 
anemia and low birth weight, is characterized by the sequestration 
of Plasmodium falciparum-infected erythrocytes in the placental 
microvasculature via binding of VAR2CSA, a parasite-encoded protein, 
expressed on the surface of infected cells. Sero-epidemiological studies 
suggest that VAR2CSA is a target of naturally acquired immunity, 
supporting the possibility that VAR2CSA could be a target for a PAM 
vaccine. However, based on limited data, there appears to be extensive 
genetic diversity within the var2csa gene that must be taken into account 
in the design of an effective vaccine. Sequencing the full-length gene from 
clinical isolates has been challenging due to a low complexity associated 
with var2csa. We have developed a novel strategy to characterize the 
extent of var2csa genetic diversity using Single Molecule Real Time 
(SMRT®) sequencing (Pacific Biosciences). Forty three samples collected 
from Malawi along with two laboratory strains were used to amplify the 
full gene in two overlapping fragments of ~5kb each. We successfully 
sequenced the first fragment spanning the first four domains (DBLpam1-
DBLpam3) of the protein. In total 143,603 reads with a median length 
2,728 (N50=4566) were generated from one SMRT® cell. After filtering, 
clustering reads, and removal of chimeric sequences, 98 sequences 
with an average coverage of 163x and accuracy equal or greater than 
99%, including 21 full-length-amplicon sequences of fragment 1, were 
obtained. Our results showed an extensive polymorphism of N-terminal of 
var2csa with an average nucleotide diversity of 12%. Of the 4 domains, 
DBLpam3 was the least variable. Compared with published sequences, 
Malawian var2csa sequences clustered with 3D7 and FCR3 laboratory 
reference strains. We are using this approach to sequence the membrane 

proximal C-terminal region (fragment 2) and characterize the genetic 
variation of var2csa from parasite from different geographic regions. The 
findings will provide a framework for strain-transcendent VAR2CSA-based 
vaccine development.
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GENOMIC CHARACTERIZATION OF NF54, THE PLASMODIUM 
FALCIPARUM STRAIN IN THE WHOLE-ORGANISM MALARIA 
PFSPZ VACCINE

Kara A. Moser1, Elliot F. Drábek1, Matt Adams2, Shay Hampton2, 
Amed Ouattara2, Sushma Nagraj1, Mark Travassos2, Claire M. 
Fraser1, B. Kim Lee Sim3, Stephen L. Hoffman3, Christopher V. 
Plowe2, Joana C. Silva1
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NF54 (Nijmegen Falciparum #54) is the Plasmodium falciparum (Pf) 
isolate used in the whole-organism malaria vaccine called Sanaria® PfSPZ 
Vaccine. This vaccine, composed of radiation attenuated, aseptic, purified, 
cryopreserved sporozoites, provided 100% protection from homologous 
controlled human malaria infection (CHMI) in a small safety and efficacy 
trial using intravenous administration. Clinical trials are underway to 
replicate these results and to determine efficacy against heterologous 
CHMI. The annotated genome of NF54 is not yet available, but will be 
an essential tool to interpret the result of efficacy studies, including the 
comparison of outcomes between homologous and heterologous CHMI, 
as well as protection against natural infections. The NF54 genome is likely 
very similar to that of the reference 3D7 Pf isolate, a clone from NF54. 
Analyses of publicly available whole-genome sequencing data for NF54, 
in the form of paired-end 100 bp Illumina reads, reveals the presence of 
171 SNPs, of which 36 are non-synonymous, confirming both the close 
relationship between the two genomes and the presence of a limited 
number of differences. However, the highly biased genome composition 
of Pf, together with its considerable repetitiveness, prevents the exhaustive 
characterization of those differences by read mapping, also an inadequate 
approach to identify potential genomic regions unique to NF54. In order to 
extensively characterize its genome, we have cultured NF54 and generated 
an 18,800 bp insert Pacific Biosciences (PacBio) library. This long-insert 
library was sequenced in four SMRT cells, with an average of 139,499 
reads per cell, and an average mean and maximum read length of 7,433 
and 48,513, respectively, for a total of over four gigabases of PacBio 
data. The genome is currently being assembled; a data set generated in 
a similar manner for another Pf isolate resulted in a nearly closed 24Mb 
genome assembly of 40 contigs. The newly generated NF54 assembly 
will be extensively characterized and compared with clinically relevant 
strains, including 3D7,as well as the 7G8 clone, currently being used in 
heterologous CHMI.

925
NATURALLY ACQUIRED ANTIBODIES TO DUFFY 
BINDING PROTEIN OF PLASMODIUM VIVAX (PVDBP) 
AND PROTECTION FROM CLINICAL MALARIA IN RURAL 
AMAZONIA

Vanessa C. Nicolete1, Sarah Frischmann2, Susana Barbosa1, 
Christopher L. King2, Marcelo U. Ferreira1

1Universidade de São Paulo, São Paulo, Brazil, 2Case Western Reserve 
University, Cleveland, OH, United States

Plasmodium vivax merozoites recognize specific receptors on the host 
cell surface to invade their target cells, young erythrocytes known as 
reticulocytes. One of the major parasite's ligands is the Duffy binding 
protein (PvDBP), expressed in micronemes, which binds specifically to an 
erythrocyte membrane glycoprotein known as Duffy blood group antigen/
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receptor for chemokines (DARC). Interaction between the cysteine-
rich domain II of PvDBP and DARC is crucial for red blood cell invasion; 
DARC-negative individuals are thus usually refractory to blood-stage 
infection. Here, we tested whether naturally antibodies to PvDBP conferred 
protection against clinical vivax malaria among P. vivax-exposed rural 
Amazonians. We measured IgG antibodies in 1126 plasma samples from 
466 individuals (1-7 samples per subject) using a multiplex assay with 
microspheres conjugated with five different variants of PvDBP (Sal-I, AH, 
P, O and C). A high proportion of samples tested, ranging from 64% to 
85% according to the variant, had IgG antibodies to PvDBP. We found 
a clear but short-lived boosting by comparing antibody levels in samples 
collected before and after laboratory-confirmed episodes of P. vivax 
malaria. However, survival analysis using multilevel Cox models found no 
association between high-level antibody response to PvDBP and time to 
the next laboratory-confirmed P. vivax malaria episode (hazard ratio = 
0.97; P = 0.86). We further tested whether the presence of antibodies 
that are able to block binding of the Sal-I variant of PvDBP to Duffy was 
associated with clinical immunity and found that 12% of the 564 samples 
analyzed displayed high blocking activity (≥ 80%) in vitro. Compared 
with subjects with antibodies displaying low-level (≤ 40%) or no inhibitory 
activity, those with highly blocking antibodies had a longer time to the 
next clinical P. vivax episode, but the difference did not reach statistical 
significance (hazard ratio = 0.66; P = 0.32). We are currently exploring the 
variant-specificity of blocking antibodies by using additional PvDBP variants 
in functional in vitro assays.

926
GENOME-WIDE COMPARATIVE TRANSCRIPTOME ANALYSES 
OF VIRULENT AND AVIRULENT RODENT MALARIA 
PARASITES AND HOST RESPONSES IN THE BLOOD AND 
SPLEEN PROVIDE MOLECULAR INSIGHTS INTO AN INTIMATE 
HOST-PARASITE INTERACTION

Jingwen Lin1, Adam J. Reid2, Deirdre Cunningham1, Jan 
Sodenkamp1, Sarah Keller-McLaughlin1, Irene Tumwine1, Garikai 
Kushinga1, Mandy Sanders2, Matthew Berriman2, Jean Langhorne1
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Using fluorescent and bioluminescent parasites, we demonstrate that 
severe pathology in mice infected with virulent Plasmodium chabaudi 
CB strain is associated with greater reticulocyte preference and stronger 
cytoadherence compared with avirulent AS strain. The reticulocyte 
preference results in more severe anemia as parasites erode replenishment 
of erythrocytes, and a more pronounced anemia signature in the host 
blood transcriptome. Comparative RNA sequencing analysis reveals an 
association with higher levels of reticulocyte-binding protein transcripts 
in the CB parasite. Furthermore, genome-wide transcription profiling of 
mouse blood and spleen during acute blood-stage infection shows an 
earlier and stronger apoptosis signature with virulent CB infection, whilst 
a heightened and sustained T cell response signature with avirulent AS 
infection. Together, these comparative transcriptome analyses elucidate 
key aspects of host-parasite interactions that shape the outcome of a 
malarial infection.

927
PD1 MODULATES NEONATAL VΔ2 T CELL RESPONSES TO 
MICROBIAL ANTIGENS
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In utero exposure to microbial antigens primes the fetal immune system, 
often with adverse consequences for infant immune responses. Vδ2 cells, 
a subset of γδ T cells, play important roles in antimicrobial immunity and 
in the response to BCG vaccination. Their repertoire and responses are 
altered in neonates prenatally exposed to Plasmodium falciparum (Pf) 
and these alterations may affect responsiveness to childhood vaccines 
and susceptibility to later malaria exposure. Our studies focus on the 
mechanisms for attenuation of Vδ2 function due to in utero Pf exposure. 
We hypothesize that PD1, a negative regulator of T and B cell responses 
critical for maintenance of peripheral and feto-maternal tolerance, is 
key for neonatal Vδ2 dysfunction. We found that neonatal Vδ2 cells up-
regulate PD1 upon activation in vitro and, unlike their adult counterparts, 
maintain its expression for up to 28 days. When PD1 is engaged by 
its ligand PDL1 during T cell receptor stimulation, Vδ2 cell effector 
functions are decreased. These effects depend on the dose of PDL1 and 
are positively correlated with the fraction of Vδ2 cells that are PD1+. 
PD1 expression by neonatal Vδ2 cells is inversely associated with DNA 
methylation in the PD1 promoter. PD1 mRNA levels are higher in neonatal 
compared to adult Vδ2 cells at both 14 and 28 days post-stimulation, 
while mRNA levels of Blimp1, a transcriptional repressor of PD1, are lower 
in neonatal Vδ2 cells. These differences seem part of a functional program 
specific for the fetal/neonatal stage of development. Fetal Vδ2 cell function 
may be regulated by PD1 to prevent excessive inflammatory responses 
before and shortly after birth. Prenatal stimulation of Vδ2 cells caused 
by maternal infection may induce prolonged PD1 expression and hinder 
functional Vδ2 development after birth, thus leading to impaired early 
immune responses to pathogens and some live vaccines. Our ongoing 
studies on Vδ2 cell phenotype and function in Malawian newborns with 
documented prenatal exposure to Pf will advance our understanding of 
neonatal immune regulation and help to develop interventions to improve 
protection of infants against a wide range of pathogens.

928
ALLELIC FREQUENCY OF INTRONIC SNPS IN HUMAN FC 
RECEPTOR (FCΓR) GENE DIFFERS AMONG DOGON AND 
FULANI CHILDREN WITH UNCOMPLICATED MALARIA IN 
MALI

Daniel Amoako-Sakyi1, Cherif Mariama2, Maiga Bakary3, 
Amagana Dolo1, Nébié Issa2, Marita Troye-Blomberg4
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Interethnic differences in malaria susceptibility may is influenced by 
multiple factors including host immunogenetics. Single nucleotide 
polymorphisms (SNPs) in immunological important molecules, such as 
Fc receptors (FcγRs) for IgG have been previously studied among Fulani 
and non-Fulani sympatric tribes to determine if they contribute to 
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protection. The complex nature of the gene cluster encoding FcγRs and 
recent reports of genotype-phenotype mismatch in this cluster suggests 
that other polymorphisms, probably intronic ones, may also influence 
malaria susceptibility in these populations. The aims of this study were to 
investigate two intronic SNPs (rs3933769 and rs396991) and a functional 
SNP (rs1050519) located in the FcγRIIC, FcγRIIA and FcγRIIB genes among 
Fulani and Dogon tribes living in sympatry in Mali. The study further tested 
the association of these SNPs with various clinical and immunological 
indices in 242 Fulani and Dogon children with uncomplicated malaria. All 
SNPs were genotyped with predesigned TaqMan® SNP Genotyping Assays. 
The study confirmed known malariometric and immunologic differences 
between sympatric Fulani and non Fulani tribes. We found the mutant 
alleles of both the rs3933769 and the rs396991 alleles were less frequent 
in the Fulani compared to the Dogon (p < 0.0001 and p = 0.0043). The 
distribution of the mutant rs1050519 allele was however similar in the 
two tribes (p = 0.064). All SNPs studied were not associated with levels of 
antibody responses with the exception of rs36991 which was associated 
with IgG1 (p = 0.023) in the Fulani. Carriers of the rs3933769 mutant 
allele harboured less than half of the parasite burden than those without 
the mutant allele (p < 0.0001). Differences in allelic frequencies between 
rs3933769 and rs396991 among Fulani and Dogon indirectly suggest that 
these SNPs could influence malaria susceptibility in the study population. 
Association of rs3933769 with parasite density is particularly noteworthy.

929
ALTERED PLATELET COUNTS INFLUENCED LEVELS OF 
PRO-INFLAMMATORY CYTOKINES OF PLASMODIUM 
FALCIPARUM INFECTED PATIENTS IN A SEMI-URBAN AREA 
OF NIGERIA

Olusola Ajibaye1, Akiniyi A. Osuntoki2, Albert Osaretin Ebuehi2, 
Bamidele Abiodun Iwalokun1, Bassey A. Orok1, Emmanuel O. 
Balogun3

1Nigerian Institute of Medical Research, Lagos, Nigeria, 2University of 
Lagos, Biochemistry Department, Lagos, Nigeria, 3The University of Tokyo, 
Department of Biomedical Chemistry, Graduate School of Medicine, Tokyo, 
Japan

Malaria is still a leading global health concern with 3.4 billion people 
at risk and 198 million clinical cases, sub-Saharan African countries 
having the highest burden. Our preliminary studies revealed that 
Pro-inflammatory cytokines are increased in malaria ,however, some 
hematological parameters were significantly implicated.We therefore 
hypothesized that some blood components play protective roles in malaria.
In 2014,volunteers(613) with a history of fever and forty (40) Uninfected 
controls were screened microscopically, according to WHO standard, 
for Plasmodium falciparum in a cross-sectional study at IJEDE General 
Hospital. Full Blood Counts (FBC) of participants was determined using 
Finray hematology Auto-analyzer.Serum levels of TNF-α, Interlukin-1β 
(IL-1β) and Interlukin-12(IL-12) were determined by capture ELISA while 
statistical analysis was done using SPSS Version 20. Study protocol was 
approved by NIMR IRB.A total of 128 patients comprising of 47% males 
and 53% females with a median age of 10 years were recruited. Malaria 
prevalence was 20.85% while Haemoglobin, Mean Cell Hemoglobin and 
Mean Cell Volume were significantly (P<0.05) lower in the control group. 
Thrombocytopenia (Platelets counts < 150 X 109 / L) was prominent in 
infected participants and was negatively correlated (r=0.003) with IL-12.
Mean levels of TNF-α, IL-1β and IL-12 were significantly (P< 0.02) higher 
in the test participants than the controls. Increase in Parasitaemia resulted 
in insignificant increase in TNF-α. Results from this study suggests that 
hematological indices are key in the immunity against malaria and may 
modulate disease outcomes and pattern of progression as parasite killing 
ability of Platelets is related to pro-inflammatory response.

930
MEDIATORS OF MONOCYTE OPSONIC PHAGOCYTOSIS OF 
PLASMODIUM FALCIPARUM
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Antibodies (Abs) mediate naturally acquired immunity (NAI) to blood 
stage malaria, in part by opsonizing parasites and infected red blood cells 
for phagocytosis. Thus, immunity to blood-stage malaria requires proper 
and efficient activation of phagocytosis. Using the THP-1 monocytic cell 
line, we have recently reported that high levels of merozoite opsonizing 
antibodies were associated with protection from clinical malaria. 
Phagocytosis is regulated by both stimulatory and inhibitory surface Fc 
receptors (FcγRs) on circulating monocytes, and several polymorphisms 
in FcγRs have been associated with altered malaria disease outcomes. 
Expression of FcγRs can be regulated by cytokines, and IFNg and IL-4 
reciprocally regulate expression of stimulatory and inhibitory receptors, 
respectively. The influence of monocyte expression levels of various 
FcγRs receptors on antibody-mediated phagocytosis in malaria is poorly 
understood. To examine this question, we have tested phagocytosis by 
the THP-1 cell line of isolated merozoites, and separately, phagocytosis of 
beads coated with malaria blood-stage antigens that have been opsonized 
with antibodies from Papua New Guinean individuals. We are currently 
investigating the impact of knockdown of the stimulatory and inhibitory 
FcγRs and regulation by IFNγ or IL-4 on phagocytosis. Currently our results 
are preliminary, however by the time of the meeting we expect to have 
sufficient results to address this question.
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PROBING IMMUNE MECHANISMS OF SELECTION OF 
PARASITES WITH COMMON GENETIC SIGNATURES OVER 
FOUR TRANSMISSION SEASONS IN SENEGAL
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As malaria transmission declines, Plasmodium falciparum parasite 
populations display decreased genetic diversity due to emergence 
of parasites with common genetic signatures (CGS). Previously, we 
characterized immune responses to one cluster of these highly related 
parasites and their variant surface antigens (VSA), and observed CGS 
parasites express similar var genes, more than expected by chance, and 
year-to-year variation in immune recognition of VSAs on CGS-infected 
red cells. Here, we extend these studies to seven different clusters of CGS 
parasites with different dynamics of emergence, growth, and decline to 
better understand how their immune reactivity could influence parasite 
frequencies from year to year over four transmission seasons (2011-2014). 
We characterized parasites in these seven clusters regarding similarities in 
their genotypes and virulence gene expression (invasion ligands and var 
genes), and addressed whether genetic variation and gene expression 
are similar within clusters compared to other clusters and controls. We 
explored the relatedness of parasites within barcode-identified clusters 
by sequencing the highly polymorphic loci CSP, TRAP, and SERA-2 and 
observed that parasites within clusters are identical at these loci, but that 
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each distinct cluster contains unique haplotypes for these loci. As before, 
we found CGS parasites within clusters express the same var Ups classes 
compared to controls, implying that gene expression is also similar within 
clusters. To probe potential mechanisms of immune selection influencing 
the dynamics of growth or decline of these clusters, we are currently 
characterizing the functional humoral immune responses against these 
parasites by ex vivo rosetting assays and in vitro VSA reactivity assays. 
These experiments should shed light on mechanisms of genotype-specific 
immune selection over time within the population. These samples provide 
a unique opportunity to explore common immune responses in patients 
infected with identical parasites.

932
VAR2CSA: THE SPECIFICITY OF NATURALLY ACQUIRED 
ANTIBODIES THAT BIND TO THE SURFACE OF CS2 INFECTED 
ERYTHROCYTES

Elise P. Ngati1, Yukie M. Lloyd1, Naveen Bobbili1, John J. Chen1, 
Vanda Koko1, Maria J. Sanchez1, Rui Fang1, Ali Salanti2, Rose G. 
Leke3, Diane W. Taylor1
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Placental malaria caused by Plasmodium falciparum is a major health 
problem affecting both the mother and fetus. Infected erythrocytes (IE) 
expressing VAR2CSA on their surface sequester in the placenta by binding 
to Chondrotin Sulfate A. Previous studies showed that high anti-VAR2CSA 
IgG levels improve pregnancy outcome, e.g., increase birth weight, reduce 
anemia, lower placental parasitemia, and prevent drug treatment failures. 
VAR2CSA has 6 DBL domains. Pregnant women produce antibodies (Ab) 
that bind to the surface of CSA binding IE. It is not clear if these Ab bind 
to one or multiple DBL domains. The goal of this study was to determine 
the specificity of naturally acquired Ab that bind to CS2 IE. In our study, 
clinical information and archival plasma samples collected between 1996 
-2001 at delivery from 1,377 pregnant Cameroonian women living in 
Yaoundé (low transmission) were used. Since the samples were collected 
prior to implementation of intermittent preventive treatment and 
insecticide-treated bed nets, natural immunity determined the presence 
or absence of placental malaria (PM). Plasma from women who were 
PM- and PM+ of different gravidities were screened for Ab to full length 
VAR2CSA (FV2) and other DBL domains using a bead-based multiplex 
assay. The results identified which DBL domains each woman recognized. 
Then, a subset of samples was tested for Ab binding to the surface of 
CS2 IE (express VAR2CSA) and to 3D7 and FVO IE (non CSA-binding 
phenotypes). IE were incubated with plasma, then anti-human IgG FITC, 
and the amount of fluorescence per cell surface area was determined 
by FACS. In the initial study using 25 samples with different levels of 
Ab to FV2, a significant correlation between Ab to FV2 and cell surface 
staining intensity was obtained (r = 0.62; p=0.001: Spearman Correlation). 
Additional samples are being screened in the cell surface staining assay 
and levels of reactivity are being compared with the DBL domains 
recognized by each sample.
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HIGH AVIDITY ANTIBODIES TO VAR2CSA: ARE THEY 
ASSOCIATED WITH PROTECTION FROM PLACENTAL 
MALARIA IN A LOW TRANSMISSION SETTING?

Vanda Koko1, Naveen Bobbili1, John J. Chen1, Elise P. Ngati1, 
Maria J. Sanchez1, Yukie M. Lloyd1, Rui Fang1, Ali Salanti2, Rose G. 
Leke3, Diane W. Taylor1
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Copenhagen, Copenhagen, Denmark, 3University of Yaoundé 1, Yaoundé, 
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Pregnancy-associated malaria is characterized by the sequestration of 
Plasmodium falciparum infected erythrocytes in the intervillous space 

of the placenta, that is mediated by the binding of parasite membrane 
protein VAR2CSA with Chondriotin Sulfate A on the surface of placental 
cells. The presence of ≥ 35% high avidity antibodies (Ab) to VAR2CSA 
early in pregnancy correlates with the absence of placental malaria at 
delivery in a high transmission setting. However, very little is known 
about high avidity Ab to VAR2CSA in low transmission areas, and if one 
or multiple pregnancies are required to produce such Ab. We therefore 
looked at a panel of blood samples obtained at delivery between 1995 
and 2001 in Yaoundé, Cameroon (low transmission setting). The samples 
were collected prior to use of chemoprophylaxis (IPT) and bed nets, so 
natural immunity determined presence/absence of placental malaria. These 
samples were screened for IgG Ab to Full Length VAR2CSA (FV2) using 
a bead-based immunoassay and 708 samples were identified for further 
use in the avidity assay. The percentage of strong binding (high avidity) 
IgG equals the amount of Ab that remain bound to FV2 after 30 minutes 
of incubation with 3M NH4SCN. Results showed that ~26% of the 708 
women had ≥35% high avidity Ab at delivery. Very few primigravidae had 
high avidity Ab; and Ab avidity increased significantly between the 1st 
and 2nd as well as the 2nd and 3rd pregnancies; however, it remained 
constant thereafter (3rd through 7+ pregnancies). In the dataset, the 
prevalence of placental malaria (PM) decreased 2-fold with gravidity. 
After adjusting for age and malaria status, an increase in avidity with 
gravidity (P=0.0028) was found. Avidity increased gradually, with only a 
0.9% increase per pregnancy. A higher mean avidity was found in PM-
negative compared to PM-positive secundigravidae (P=0.0319), but no 
difference was seen between PM+ and PM- in the other gravidity groups. 
In summary, even though avidity to FV2 increases with gravidity and PM 
decreases with gravidity, very few women in this low transmission setting 
have high avidity Ab.

934
ACUTE MALARIA PREFERENTIALLY ACTIVATES CIRCULATING 
TFH SUBSET THAT LACKS THE CAPACITY TO INDUCE NAÏVE 
B CELLS TO PRODUCE IMMUNOGLOBULINS

Nyamekye Obeng-Adjei, Peter Crompton
National Institutes of Health, Rockville, MD, United States

Malaria-specific antibody responses in children are relatively short-lived, 
leaving them susceptible to repeated bouts of febrile malaria. The cellular 
and molecular mechanisms underlying this apparent immune deficiency 
are poorly understood. Recently, T follicular helper (Tfh) cells have been 
shown to play a critical role in generating long-lived antibody responses. 
We show that Malian children have resting PD-1+CXCR5+CD4+ Tfh 
cells in circulation that resemble germinal center Tfh cells phenotypically 
and functionally. Within this population the PD-1+CXCR5+CXCR3- Tfh 
cell subset is Th2-polarized and superior to the Th1-polarized PD-
1+CXCR5+CXCR3+ subset in providing B cell help. Longitudinally, 
we observed that acute malaria drives Th1 cytokine responses, and 
accordingly, the less functional Th1-polarized Tfh subset was preferentially 
activated and its activation did not correlate with antibody responses. 
These data provide important insights into the cellular basis of suboptimal 
antibody responses to malaria in children and establish a link between the 
quality of Tfh cell responses and the outcome of B cell germinal center 
responses during a natural infection. These findings also suggest that 
vaccine strategies that promote PD-1+CXCR5+CXCR3- Tfh cell responses 
may improve malaria vaccine efficacy in children.
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PLASMA LEVELS OF INTERLEUKIN-12 IN PATIENTS WITH 
PLASMODIUM FALCIPARUM MALARIA IN IKORODU, LAGOS 
NIGERIA

Wellington A. Oyibo, Uche Igbasi, Okechukwu M. Okeagu, 
Nnaemeka C. Iriemenam
ANDI Centre of Excellence for Malaria Diagnosis, College of Medicine 
University of Lagos, Idi-Araba, Lagos, Nigeria

Cytokines are stimulated during malaria infection or the disease itself. 
Interleukin (IL) 12 is a pro-inflammatory cytokine produced from 
monocytes/ macrophages and other cell types that is needed in the early 
defence against malaria. IL-12 plays a central role in regulating innate and 
adaptive immune responses, and interacts with several other cytokines for 
increased immunoregulatory activities. The objectives of this study were 
to determine plasma concentrations of IL-12 in malaria patients and its 
association with the parasitemia, age, clinical symptoms and anemia in 
patients with Plasmodium falciparum malaria in Ikorodu, Lagos Nigeria. 
Malaria microscopy and blood parameters were carried out using standard 
protocols and the level of IL-12 in plasma was measured using the Enzyme 
Linked Immunosorbent Assay (MABTECH AB, Sweden). The concentration 
of IL-12 in malaria patients ranged from 23.45pg/ml to 99996.98pg/ml. 
A negative correlation (r = -0.143) was found between the mean levels of 
IL-12 (7521.69pg/ml) in 144 participants who were microscopy positive 
and mean parasitaemia (41519.20 p/µL) (p ≤ 0.05). The levels of IL-12 
were high (16352.05 ± 1434.17pg/ml) in patients who presented with 
symptoms such as fever compared with patients which did not present 
with fever symptoms. Interleukin (IL) 12 levels were higher in patients who 
were above 14 years but there was no statistical significant relationship 
between IL-12 levels and the ages of patients. IL-12 correlated with 
Hemoglobin levels (r=0.004) but it was not statistically significant. IL-12 
was low (2173.66±3225.04pg/ml) in patients with severe anaemia (<8g/dl) 
and was high (11759.71±21566.09pg/ml) in patient with mild anaemia (8-
9.9g/dl). In conclusion, IL-12 in this investigation has been demonstrated 
to be involved in the immunoregulation of malaria infections and this 
immunoregulatory activity is improved with aging. This study also 
confirmed that the tendency for a patient to secrete IL-12 is associated 
with protection against parasitemia, clinical malaria and anaemia.

936
DELAYED ACQUISITION OF PLASMODIUM FALCIPARUM 
ANTIGEN-SPECIFIC CD4+ T CELLS IN HIV-EXPOSED 
UNINFECTED MALAWIAN CHILDREN RECEIVING DAILY 
COTRIMOXAZOLE PROPHYLAXIS

Herbert Longwe1, Kamija Phiri1, Nyanyiwe Mbeye1, Thandile 
Gondwe1, Wilson Mandala2, Kondwani Jambo2

1University of Malawi, College of Medicine, Blantyre, Malawi, 2Malawi-
Liverpool-Wellcome Trust Clinical Research Programme, Blantyre, Malawi

Cotrimoxazole (CTX) prophylaxis, currently recommended in HIV-exposed 
uninfected (HEU) children as protection against HIV-related opportunistic 
infections, also has some anti-malarial efficacy.We have recently shown 
that HEU children have reduced magnitude and breadth of IgG antibody 
responses to distinct Plasmodium falciparum merozoite antigens. In this 
study, we determined the effects of CTX prophylaxis-induced reduction in 
P. falciparum exposure on the magnitude and quality of P. falciparum 
antigen specific CD4+ T cells in HEU children. Peripheral blood was 
collected from HEU and HIV-unexposed uninfected (HUU) children at 
6, 12 and 18 months of age. Proportion of CD4+ T cells subsets were 
determined by immunophenotyping. P. falciparum specific CD4+ T cells 
responses were measured by intracellular cytokine staining assay. There 
were no differences in the proportions of CD4+ T cell subsets between 
HEU and HUU children at all ages. HEU children had lower frequenciesof 
P. falciparum-specific CD4+ T cells producing IFN-γ (p = 0.035) and IFN-γ/
TNF (double producers) (p = 0.007) at 12 months after being on CTX 

prophylaxis for a year compared to HUU children. The study showed that 
cotrimoxazole prophylaxis-induced reduction in P. falciparum exposure 
results in delayed acquisition P. falciparum-specific CD4+ T cell responses 
in HEU children. This delayed acquisition of P. falciparum-specific CD4+ 
T cell responses might increase susceptibility to clinical malaria after 
cessation of prophylaxis.

937
MAPPING EPITOPES WITHIN INTRINSICALLY DISORDERED 
PROTEINS OF PLASMODIUM FALCIPARUM USING 
COMPUTATIONAL APPROACHES: IMPLICATIONS FOR 
IMMUNITY AND VACCINES

Andrew J. Guy1, Vashti Irani1, Christopher A. MacRaild2, Robin F. 
Anders3, Raymond S. Norton2, James G. Beeson1, Jack S. Richards1, 
Paul A. Ramsland1

1Burnet Institute, Melbourne, Australia, 2Monash University, Melbourne, 
Australia, 3La Trobe University, Melbourne, Australia

Malaria remains a significant global health burden, with Plasmodium 
falciparum responsible for the majority of malaria related deaths. 
The proteomes of Plasmodium spp. are predicted to contain a large 
number of intrinsically disordered proteins, but little is known about their 
subcellular localisation or immunogenic properties, or their potential 
as vaccine candidates. We employed several computational algorithms 
to investigate predicted protein disorder and the impact on adaptive 
immunity. The proportion of disordered regions was similar for the 
proteomes of five human and murine Plasmodium spp. Disordered 
proteins were shown to be particularly enriched within apical proteins, 
exported proteins and proteins localised to the parasitophorous 
vacuole. Tandem repeat regions in proteins have been suggested to be 
immunodominant, and we found that tandem repeat regions occur 
predominantly within regions of disorder. Presentation of peptides via 
MHC class I and II molecules plays an important role in the generation of 
adaptive immune responses, and we have found that disordered protein 
regions are predicted to contain relatively few MHC class I and II binding 
peptides owing to inherent differences in amino acid composition as 
compared to structured domains. In contrast to MHC binding peptides, 
linear B-cell epitopes were predicted to be enriched in disordered regions 
of the malaria proteome, suggesting that recognition of disordered regions 
by acquired and vaccine-induced antibodies is entirely likely. Several 
disordered proteins or regions are current vaccine candidates, while a 
number of others appear to have strong potential for inclusion in multi-
antigen vaccine constructs. We will present a newly developed online tool 
(PlasmoSIP) for the visualisation of protein structural features, predicted 
immunological features, and known polymorphisms for proteins from 
P. falciparum. Further study is required to experimentally verify these 
predicted structural and immunological features and to determine the 
importance of disordered epitopes as targets of protective immunity.   
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938
ANTIBODY RESPONSE AFTER CHALLENGE WITH 
PLASMODIUM FALCIPARUM SPOROZOITES BY NEEDLE 
AND SYRINGE WITH DIFFERENT DOSES AND ROUTES IN 
MALARIA-NAÏVE AND SEMI-IMMUNE INDIVIDUALS

Gloria P. Gomez-Perez1, Benjamin Mordmüller2, Bertrand Lell2, 
Joseph J. Campo3, Marta Vidal1, Aida Valmaseda1, Gemma 
Moncunill1, Alfons Jimenez1, Pau Cisteró1, Diana Barrios1, Alfredo 
Mayor1, Evelina Angov4, Sheetij Dutta4, Chetan Chitnis5, Virander 
Chauhan5, Deepak Gaur5, Eric James6, Peter Billingsley6, Kim Lee 
Sim6, Sumana Chakravarty6, Almudena Legarda1, Stephen L. 
Hoffman6, Peter Kremsner2, Pedro L. Alonso1, Carlota Dobaño1

1ISGlobal, Barcelona Ctr. Int. Health Res. (CRESIB), Hospital Clínic - 
Universitat de Barcelona, Barcelona, Spain, 2Institut für Tropenmedizin, 
Eberhard Karls Universität Tübingen and German Centre for Infection 
Research, Tübingen, Germany, 3Antigen Discovery, Inc, Irvine, CA, United 
States, 4Walter Reed Army Institute of Research, Malaria Vaccine Branch, 
Silver Spring, MD, United States, 5International Centre for Genetic 
Engineering and Biotechnology, New Delhi, India, 6Sanaria Inc., Rockville, 
MD, United States

Controlled human malaria infection (CHMI) trials represent an 
important tool to study the immune response of the human host 
against Plasmodium falciparum parasites. We studied the antibody 
(Ab) response (IgM, IgG, IgG1, IgG2, IgG3 and IgG4) against 21 pre-
erythrocytic and erythrocytic P. falciparum antigens in volunteers from 4 
CHMI trials performed with aseptic, purified, cryopreserved P. falciparum 
sporozoites (PfSPZ Challenge) in Europe (malaria-naïve individuals) and 
Africa: 1. Barcelona, Spain (36 volunteers received 2,500 (n=18), 25,000 
(n=6) or 75,000 PfSPZ (n=6) by intramuscular injection, and 3,200 PfSPZ 
(n=6) by direct venous inoculation [DVI]); 2. Tübingen, Germany (24 
volunteers received 50 (n=3), 200 (n=3), 800 (n=9) and 3,200 (n=9) 
PfSPZ by DVI); 3. Lambaréné, Gabon (5 malaria-naïve volunteers, 10 semi-
immune volunteers, and 10 semi-immune volunteers with sickle cell trait, 
received 3,200 PfSPZ by DVI); and 4. Tübingen, Germany (40 volunteers 
received 3,200 PfSPZ by DVI 10 weeks after being administered different 
doses of PfSPZ (3,200 (n=9); 21,000 (n=9); 51,000 (n=9)) or placebo (n 
= 13) under chloroquine prophylaxis, also via DVI. We measured the Ab 
response at different time points before administration of PfSPZ, at the 
time of first parasitemia, and at days 35 and 90 after PfSPZ injection. 
To our knowledge this is the first study to systematically assess the Ab 
response against a defined set of P. falciparum antigens in the context of 
CHMI, as well as the first characterization of the immunoglobulin isotype 
and subclass pattern. Our results showed that IgM Ab levels peaked at 
day 35 after PfSPZ CHMI, showing lower levels at day 90, and observed 
against the majority of P. falciparum antigens. IgG Ab response on the 
other hand, peaked at day 90 and it was significant only against a small 
set of P. falciparum antigens. Additionally, we observed a PfSPZ Challenge 
dose-antibody response and different Ab profiles depending on previous 
malaria exposure, and a consistent Ab response against a defined set of 
antigens in previously exposed individuals, both naïve and semi-immune, 
that could be used as markers of P. falciparum exposure.

939
INCREASING THE POTENCY OF ATTENUATED SPOROZOITE 
VACCINES WITH A GLYCOLIPID ADJUVANT

Sumana Chakravarty1, Charles Anderson2, Moriya Tsuji3, Andrew 
Ishizuka4, Robert A. Seder4, Stephen L. Hoffman1

1Sanaria Inc., Rockville, MD, United States, 2Sanaria Inc. (currently 
Laboratory of Malaria Immunology and Vaccinology, National Institute of 
Allergy and Infectious Diseases, National Institutes of Health, Bethesda, 
MD), Rockville, MD, United States, 3Aaron Diamond AIDS Research Center, 
New York, NY, United States, 4Laboratory of Cellular Immunology, VRC, 
National Institute of Allergy and Infectious Diseases, National Institutes of 
Health, Bethesda, MD, United States

The world needs a highly effective malaria vaccine and robust immunity 
can be induced in humans with Plasmodium falciparum (Pf) 
sporozoites (PfSPZ), that invade hepatocytes, but arrest during liver stage 
development. In recent trials Sanaria® PfSPZ-based vaccines, composed 
of aseptic, purified, cryopreserved, radiation attenuated PfSPZ Vaccine, 
or non-attenuated PfSPZ with chloroquine (PfSPZ-CVac) were safe and 
highly protective. PfSPZ Vaccine protected 100% and 92% of non-
immune individuals after 5 doses and 87% after 3 doses in 2 independent 
trials and provided durable and heterologous (75%) strain protection. 
PfSPZ-CVac was 100% efficacious in non-immunes. Even under natural 
exposure settings in Africa, PfSPZ Vaccine provided ~50% protection of 
semi immune individuals over 6 months. Adjuvants are potent vaccine 
additives to reduce the number of doses, interval between doses, 
immunogen quantity/dose, and to prolong efficacy. However, adjuvants 
are generally not used for live vaccines, nor been shown to improve CD8+ 
T cell mediated immunity in humans, required to protect against SPZ. In 
our screens to identify such an adjuvant, a novel glycolipid, 7DW8-5 that 
binds CD1d, and stimulates iNKT cells, was the only one to demonstrate 
significant enhancement in a mouse malaria model involving irradiated 
(irr) P. yoelii (Py) sporozoites (irrPySPZ). 7DW8-5 enabled reduction in 
number of doses for 75% protection with irrPySPZ from 3 to just 1 dose 
administered IV (30/40 protected with, 4/30 without adjuvant), from 4 
to 2 doses (70%-100% protection) and even 1 dose (60% protection) 
given intradermally, with protection lasting for at least 14 weeks. Most 
importantly, 4 IV doses over 7 days of 2x103 cryopreserved irrPySPZ 
with and without 7DW8-5 protected 96% (15/16) and 44% (7/16) 
of mice respectively (p=0.006). In NHPs, 7DW8-5 with PfSPZ Vaccine 
induced enhanced splenic CD8+ and CD4+ T cells responses. Together, 
these findings provide strong rationale to combine 7DW8-5 with PfSPZ 
vaccines, in an accelerated immunization regimen that will vastly improve 
commercial, clinical, and public health benefits of PfSPZ vaccines. 
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940
ISOLATION AND CHARACTERIZATION OF FUNCTIONAL 
HUMAN MONOCLONAL ANTIBODIES TO PLASMODIUM 
VIVAX DUFFY BINDING PROTEINS

Lenore L. Carias1, Sebastien Dechavanne1, Samantha J. Barnes2, 
Miriam George2, Seila Suon3, Sokunthea Sreng3, Chanaki 
Amaratunga4, Rick M. Fairhurst4, Vanessa Nicolete5, Marcelo U. 
Ferreira5, Edwin Chen6, Niraj Tolia6, John H. Adams2, Christopher 
L. King1

1Center for Global Health and Diseases, Case Western Reserve University, 
Cleveland, OH, United States, 2Global Health Infectious Disease Research, 
University of South Florida, Tampa, FL, United States, 3National Center 
for Parasitology, Entomology, and Malaria Control, Ministry of Health, 
Phnom Penh, Cambodia, 4Laboratory of Malaria and Vector Research, 
National Institute of Allergy and Infectious Diseases, National Institutes 
of Health, Bethesda, MD, United States, 5Department of Parasitology, 
Institute of Biomedical Sciences, University of São Paulo, São Paulo, Brazil, 
6Departments of Molecular Microbiology and Microbial Pathogenesis, and 
Biochemistry and Molecular Biophysics, Washington University School of 
Medicine, St. Louis, MO, United States

Plasmodium vivax (Pv) invasion of reticulocytes requires binding 
of Duffy Binding Protein (PvDBP) to the Duffy Antigen Receptor for 
Chemokines (DARC) on erythrocytes for most individuals. About 3.7-8.6% 
of individuals residing in P. vivax-endemic areas acquire high-binding 
inhibitory antibodies (BIAbs) (defined as >80% binding inhibition relative 
to malaria-naïve donor antibodies) to region II of PvDBP (PvDBPII), which 
correlates with partial protection against P. vivax malaria. Consequently, 
PvDBPII is a leading vaccine candidate. However, PvDBPII is polymorphic 
and whether naturally-acquired or vaccine-induced BIAbs to PvDBPII 
are strain-transcending is unknown. In initial DARC-binding ELISA 
studies, we found that naturally-acquired BIAbs from Brazilian and 
Cambodian individuals show the presence of both strain-specific and 
strain-transcending BIAbs. To identify which PvDBPII epitopes mediate 
strain-specific versus strain-transcending BIAbs, we obtained PBMCs 
from Cambodians with high levels of BIAbs, and sorted single PvDBPII-
specific IgG+ memory B cells, PCR amplified their IgG heavy and light 
chain variable regions, and cloned them into a human IgG expression 
vector to generate a panel of human monoclonal antibodies (mAbs). From 
one individual, 13/15 mAbs recognized PvDBPII and 8/10 mAbs blocked 
binding of PvDBPII to DARC. These 15 mAbs fell into 9 clonal groups. 
We are now characterizing these mAbs in terms of their P. vivax strain-
specificity, the PvDBPII epitopes they recognize, their affinity for PvDBPII, 
and their ability to block P. vivax invasion of reticulocytes in vitro.

941
DYNAMICS OF CIRCULATING T FOLLICULAR HELPER CELLS 
AND PLASMABLASTS DURING CHEMOPROPHYLAXIS 
VACCINATION WITH PYRIMETHAMINE AND PLASMODIUM 
KNOWLESI IN RHESUS MACAQUES

Agnes Mwakingwe1, Irfan Zaidi1, Sara A. Healy1, Lynn Lambert1, 
Sachy Orr-Gonzalez1, Dariyen Carter1, Brandi Butler1, Sumana 
Chakravarty2, Stephen L. Hoffman2, Patrick E. Duffy1

1National Institutes of Health/Laboratory of Malaria Immunology and 
Vaccinology/National Institute of Allergy and Infectious Diseases, Rockville, 
MD, United States, 2Sanaria Inc., Rockville, MD, United States

Whole organism Plasmodium vaccines can induce long-lasting sterile 
protective immunity. Understanding which components of innate and 
acquired immunity play a role in conferring sterile immunity will aid in 
vaccine development. Recent studies with the whole P. falciparum (Pf) 
organism product PfSPZ Vaccine showed a correlation between vaccine-
induced antibody levels and protection in humans. T follicular helper cells 
(Tfh) play an integral part in the development of high affinity effector 
and memory B cells, and studies in influenza vaccine have shown that 

circulating Tfh cells can predict the development of functional antibodies. 
The dynamics of Tfh during whole organism vaccination are unknown. 
We examined this during a Chemoprophylaxis Vaccination (CVac) study in 
monkeys. Rhesus macaques were vaccinated by direct venous inoculation 
(DVI) of P. knowlesi sporozoites (PkSPZ) followed by oral pyrimethamine 
on days 1, 2 (n=4) or days 2, 3 (n=7) post DVI. Blood samples for Tfh and 
plasmablasts analysis were obtained on days 0 (day of vaccination), 2, 5, 
7, 14 and 27 post DVI. Preliminary results show that levels of circulating 
plasmablasts and Tfh cells remain at baseline after first vaccination. 
However after second vaccination, levels of both plasmablasts (p=0.016) 
and Tfh cells (p=0.016) increase significantly by day 2 post DVI, then return 
to baseline by day 7. Circulating Tfh undergo a second and sustained rise 
at day 14 of second vaccination. The initial circulating Tfh rise is observed 
in the ongoing third and final vaccination. At completion of the study, 
we will determine if levels and kinetics of Tfh and plasmablasts correlate 
with antibody levels and can predict development of lasting protective 
immunity. Since it is now established that the antibody response after 
immunization with PfSPZ Vaccine is dramatically different in non-immune 
US and semi-immune African populations, we believe that this approach 
to studying the development of immunity will be useful for understanding 
how to optimize immune responses to PfSPZ in all populations.

942
CLODRONATE LIPOSOMES INDUCE PARTIAL DEPLETION 
OF MONOCYTES AND INCREASE PARASITEMIA IN 
PLASMODIUM FALCIPARUM-INFECTED SAIMIRI SCIUREUS 
MONKEYS

Janaiara A. Cunha, Cesare Bianco-Jr, Marcia C. Andrade, Marcelo 
Pelajo-Machado, Igor J. Silva, Lilian R. Pratt-Riccio, Evelyn K. 
Riccio, Leonardo J. Carvalho, Claudio T. Daniel-Ribeiro
Fundacao Oswaldo Cruz, Rio de Janeiro, Brazil

Non-human primates of the genera Saimiri and Aotus are recommended 
models for experimental malaria studies, being susceptible to infection 
by Plasmodium falciparum and P. vivax. However, splenectomy is 
usually required to achieve high and reproducible parasitemias. The 
spleen is a key organ in the immune response to malaria infections and 
therefore splenectomy is an undesired condition. We asked whether 
administration of clodronate liposomes (CL), which cause partial depletion 
of monocytes/macrophages in several organs, including the spleen, would 
allow the establishment of sizeable and reproducible parasitemias in P. 
falciparum-infected Saimiri sciureus monkeys, preventing the need for 
splenectomy. CL caused marked death of Saimiri leukocytes in vitro. 
Groups of 6-9 S. sciureus monkeys inoculated with 1x106 P. falciparum-
infected erythrocytes, as well as control monkeys inoculated with saline, 
received either 0.5 or 1.0mL of CL, intravenously, twice a week starting 
at the day of P. falciparum inoculation, with a total of 6-8 injections. 
While saline-treated monkeys kept parasitemia under control (average 
8.1% lasting for over 18 days without need for antimalarial treatment), 
half of the monkeys receiving 0.5mL LC and 2/3 of monkeys receiving 
1.0 mL CL developed high parasitemias (>20%) requiring treatment 
by day 13. Animals tolerated well CL administration but some showed 
hepatocyte vacuolization. Although peripheral CD14+ cell counts were 
not significantly affected by CL administration, P. falciparum-infected, 
CL-treated animals showed milder splenomegaly compared to infected 
saline-treated monkeys. Splenic monocyte populations were only partially 
depleted and were still able to retain hemozoin, showing that the spleens 
were functional. Partial depletion of Kupfer cells was also observed, with 
lower levels of ferrous iron, but hemozoin-containing Kupfer cells were still 
observed in CL-treated animals. These data indicate that CL administration 
is a viable and effective alternative to surgical splenectomy for malaria 
studies using Saimiri monkeys, leading to higher parasitemias with 
preserved splenic function.
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943
HUMORAL IMMUNITY CONTRIBUTES TO CLEARANCE OF 
ARTEMISININ-RESISTANT PARASITES IN SOUTHEAST ASIA

Mark Travassos1, Jason A. Bailey1, Shannon Takala-Harrison1, 
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We have proposed that the ability to clear drug resistant parasites is a 
phenotype for protective malaria immunity and have found that parasite 
genetic factors account for only about half of the variation in parasite 
clearance half-life after artesunate treatment. To assess the contribution 
of humoral immunity to clearance of artemisinin resistant parasites after 
artesunate treatment of falciparum malaria, sera from 100 Cambodian, 78 
Myanmar, 111 Thailand, and 120 Vietnamese participants in the Tracking 
Resistance to Artemisinin Collaboration (TRAC) study of artesunate 
efficacy were probed against two protein microarrays: a customized 
diversity-reflecting protein microarray and a microarray of 500 reactive 
Plasmodium falciparum and P. vivax antigen fragments. The customized 
protein microarray included 268 diverse apical membrane 1 (AMA1) 
fragments, 20 merozoite surface protein 1 (MSP1) fragments, and 30 
Rh5 fragments, all based on sequences derived from field samples, as 
well as 176 fragments of PfEMP1s based on the 3D7 reference genome. 
Preliminary analyses show that stronger and broader seroreactivity to P. 
falciparum antigens was associated with rapid parasite clearance for 
samples with K13 mutations, particularly with respect to field-derived 
AMA1 variants. This approach provides a potential way to control for the 
effects of immunity in assessments of antimalarial drug efficacy.

944
MODELLING MASS DRUG ADMINISTRATION IN MALARIA-
ENDEMIC COUNTRIES IN THE PRESENCE OF IMPORTED 
INFECTIONS

Sheetal Prakash Silal1, Lisa J. White2

1University of Cape Town, Cape Town, South Africa, 2Mahidol Oxford 
Tropical Medicine Research Unit, Bangkok, Thailand

Mass Drug Administration (MDA) has received renewed interest as a 
potential tool for the control and elimination of malaria. MDA, the 
administration of drug therapy to a large segment of the population, has 
the ability to not only reduce current prevalence, but to decrease onward 
transmission of the malaria parasite. As the evidence base for MDA is not 
large, mathematical modelling may be used to simulate the intervention 
under a variety of epidemiological and logistical conditions to assess the 
impact of MDA on prevalence and transmission. This paper contributes to 
the literature by simulating MDA in an open population i.e. in the presence 
of imported infections. By modelling MDA in high and low transmission 
settings, with varying levels of imported infections, this paper shows that 
the impact of MDA in an open population is dampened, particularly in 
low transmission settings where imported infections originate from areas 
with higher transmission. In such situations it was found that MDA in 
the source of imported infections has a larger impact than MDA in the 
local area of interest. MDA is not a lasting intervention with prevalence 
reverting to previous levels after 3 years. The presence of vector control 
may assist with extending this impact. As countries change focus from 
control to elimination of malaria, the management of imported infections 
increases in importance. As such the impact of MDA may be lower than 
expected if imported infections are ignored.

945
GETTING THE LUMEFANTRINE DOSE RIGHT FOR THE 
TREATMENT OF UNCOMPLICATED MALARIA; A POOLED 
PHARMACOMETRIC APPROACH

Frank L. Kloprogge1, Joel Tarning2, On behalf of3
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Artemether-lumefantrine (ARM-LF) is the most widely used antimalarial 
treatment in the world. Paediatric dosages are available and it is safe 
for women in the second or third pregnancy. Low cure rates have been 
reported in pregnant women and under-exposure to LF in these vulnerable 
populations might increase the risk of resistance development. Objective: 
To evaluate the pharmacokinetic-pharmacodynamic (PK-PD) properties 
of LF and conduct in-silico dose optimisations, using a population-
based model approach and pooled data from paediatric, pregnant and 
adult patients from Africa, South East Asia and Oceania. Population 
PK properties of LF, and demographic and disease-related covariates 
were evaluated in 1,347 densely sampled patients. Sparsely and densely 
sampled venous blood, capillary plasma, capillary blood and venous 
plasma concentration-time data from 595, 190, 840 and 966 patients, 
respectively, were used for external model validation. Recurrent malaria 
data in all patients were used for a PK-PD time-to event model and this 
model was subsequently used for in-silico dose optimisation. Pregnancy 
affected LF absorption and bodyweight distribution and clearance resulting 
in lower day 7 concentrations compared to non-pregnant adult patients. 
Admission parasite biomass correlated with relative bioavailability resulting 
in lower exposure to LF in more severe patients. LF dosage correlated with 
relative bioavailability resulting in dose-limited absorption. LF concentration 
affected the treatment outcome significantly. In-silico simulations were 
conducted to evaluate the tentative treatment success after a prolonged 
treatment, intensified treatment and increased dosage for paediatric and 
pregnant patients. In conclusion, LF concentrations correlated with the 
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time to recurrent malaria. The in-silico dose optimisations suggest that an 
intensified treatment is effective and most practical when implemented 
for paediatric and pregnant patients. Confirming studies evaluating the 
optimised dose regimens are required to ensure a high efficacy in pregnant 
patients and young children.

946
OPTIMIZED PLASMODIUM FALCIPARUM HEPATOCYTE 
INFECTION MODEL FACILITATES DRUG AND VACCINE 
DEVELOPMENT

Rebecca E. Tweedell1, Elke S. Bergmann-Leitner2, Dingyin Tao1, 
Jonas G. King1, Tanisha M. Robinson2, Karen Bingham2, David E. 
Lanar2, Philipp J. Jost3, Justin A. Boddey4, Rhoel R. Dinglasan1
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2Walter Reed Army Institute for Research, Silver Spring, MD, United 
States, 3Technical University of Munich, Munchen, Germany, 4University of 
Melbourne, Parkville, Australia

Malaria is a life-threatening disease that mainly affects children in 
developing countries, infecting 250 million people and causing over 
700,000 deaths per year. Plasmodium falciparum is the parasite credited 
with much of the morbidity and mortality. Development of disease in 
human hosts requires the parasite to invade the liver and replicate in 
hepatocytes before releasing to the blood stream to cause clinical disease. 
This liver stage of the infection has proven difficult to study due to the 
lack of an in vivo model for P. falciparum and the challenges of in vitro 
studies. P. falciparum infects primary human hepatocytes, but these cells 
do not propagate in culture, are in short supply, prohibitively expensive, 
and result in highly variable infection rates. The human hepatocarcinoma 
cell line HC-04 is susceptible to P. falciparum and P. vivax sporozoite 
infection but also suffers from poor infection efficiency. Here, we report 
on the development of a HC-04 monolayer culture platform that results in 
a 20-fold increase in infection over previous studies. It is well-known that 
in vitro culture systems are different from in vivo systems in many ways, 
such as nutrient composition, oxygen levels, the presence of signaling 
molecules, and barometric pressure. We hypothesized that by mimicking 
the in vivo conditions as closely as possible in our in vitro system, we 
would be able to optimize invasion efficiency of the parasite in the HC-
04 cells. We systematically examined variables in our culture model while 
monitoring P. falciparum invasion by microscopy in order to determine 
the optimal culture media and conditions. Additionally, we found that the 
HC-04 cell line was quite heterogeneous, so we performed dilution sub-
cloning in an attempt to isolate a clone that facilitated improved invasion. 
We successfully identified HC-04.J7, which allowed more efficient 
invasion by the parasite than did the heterogeneous HC-04 population. 
Establishment of this method for optimized in vitro hepatocyte invasion 
can facilitate future studies of the parasite’s mechanism of invasion, as well 
as allow for the assessment of drug and vaccine candidates.

947
MALARIA TEST POSITIVITY RATES AMONG PATIENTS AT FIVE 
OUTPATIENT HEALTH CENTERS LOCATED IN AN ENDEMIC 
REGION IN UGANDA: IRS VERSUS NON-IRS DISTRICTS

Arthur Mpimbaza1, Ruth Kigozi2, Asadu Sserwanga2, Humphrey 
Wanzira3, Denis Rubahika3, Steven S. Yoon4, Michelle A. Chang4, 
Adoke Yeka5, Kassahum A. Belay6, Sarah S. Staedke7, Moses 
Kamya8, Grant Dorsey9, Bryan K. Kapella6

1Child Health and Development Centre, Makerere University, Kampala, 
Uganda, 2Infectious Diseases Research Collaboration, Kampala, Uganda, 
3National Malaria Control Program, Ministry of Health, Kampala, Uganda, 
4President’s Malaria Initiative, Atlanta, GA, United States, 5School of 
Public Health, Makerere University, Kampala, Uganda, 6President’s Malaria 
Initiative, Kampala, Uganda, 7London School of Hygiene & Tropical 
Medicine, London, United Kingdom, 8School of Medicine, Makerere 
University, Kampala, Uganda, 9University of California San Francisco, San 
Francisco, CA, United States

In March 2014, the Uganda Malaria Surveillance Project expanded to 
include five level IV outpatient health centres (HCs) in the Lango sub-
region of northern Uganda to monitor the impact of indoor residual 
spraying of insecticide (IRS). Two of the sites were in districts that received 
IRS with bendiocarb twice a year since 2010: Apac (Aduku HC) and Kole 
(Aboke HC) districts. The other three sites were in districts without IRS: 
Dokolo (Dokolo HC), Amolator (Amolator HC), and Otuke (Orum HC). 
From March to December 2014, 82,310 patient visits were recorded 
at the HCs, ranging from 12,960 in Aduku to 22,056in Dokolo. The 
proportion of patients with suspected malaria ranged from 25-35% in 
the two IRS districts and 45-58% in the three non-IRS districts. Overall, 
87% of patients with suspected malaria underwent laboratory testing, 
ranging from75% in Amolator to 99% in Aduku and Aboke. Overall, 
67% of testing was done using an RDT (as opposed to microscopy), 
ranging from 22% in Aduku to 94% in Dokolo. The outcome of interest 
was the test positivity rate (TPR): the proportion of malaria tests positive 
by RDT or microscopy. TPRs were considerably higher in non-IRS districts 
(Amolator=57%, Dokolo=63% and Orum=67%) compared to IRS districts 
(Aduku=19% and Aboke=25%). Prior to bendiocarb spraying in Apac, 
TPR at Aduku was as high as 58% in 2009, results comparable to current 
TPRs in non-IRS districts. Upon multivariate analysis using log-binomial 
regression, patients from non-IRS districts were nearly threetimes more 
likely to test positive for malaria than those in the IRS districts (RR=2.71, 
95% CI 2.59-2.82, p<0.001) after controlling for age and the type of 
diagnostic test performed. Other than distribution of insecticide treated 
nets in June of 2014 across all the districts (94% ownership), IRS was the 
only intervention directly targeting malaria transmission in the region. The 
higher TPRs in the non-IRS districts compared to the IRS districts in a region 
of Uganda with historically high transmission highlights the importance of 
IRS for malaria control in endemic areas.

948
PROJECTED PREVALENCE OF MALARIA IN ALTA VERAPAZ, 
GUATEMALA FOR THE YEARS 2020 AND 2050 USING 
GLOBAL CIRCULATION MODELS AND ECOLOGICAL NICHES

Diego Pons1, Sydney Neeley2

1University of Denver, Denver, CO, United States, 2Duke University, 
Durham, NC, United States

We analyzed a total of 257 confirmed malaria cases (Plasmodium vivax 
and P. falciparum) for the year 2006 georeferenced at village level in 
Alta Verapaz, Guatemala. We used a Pearson correlation to validate 
precipitation (both number of days and daily accumulated rain), mean 
temperature and maximum/minimum temperatures collected from local 
weather stations for the same year to used them as potential predictors. 
After this first approach, we used historical climate data obtained from 
WorldClim (1950-2000, 30 arc-seconds resolution ) and Maximum 
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entropy (MAXENT®) to generate a baseline map of probabilities of 
distribution using the georeferenced cases and 19 bioclimatic variables 
derived from monthly temperature and rainfall. A Jackknife analysis was 
ran to estimate the standard error associated with each of the variables 
and a contribution/permutation table was generated leading to the final 
arrange of variables with high predictive values: annual precipitation, 
precipitation of the driest month and precipitation of the warmest 
quarter (AUC = 0.95). We validated our baseline map of probabilities by 
comparing the variables generated by MAXENT with those from the local 
weather stations with a statistically significant correlation (α= 0.05) and by 
comparing the probability outcome per county generated by the baseline 
map with the actual percentage of cases for the same counties. Using the 
baseline as a validated framework, we used the predictors to generate a 
map of probabilities of occurrence of ecological niches at the county level 
for the IPCC climate change scenarios A1b, A2b, B1 and B2 for the years 
2020 and 2050.

949
ESTIMATION OF AMOUNT OF ARTEMETHER AND 
LUMEFANTRINE EXCRETED THROUGH BREAST MILK

Jay Prakash Jain1, Subramanian Ganesan1, Gilbert Lefèvre2, 
Gangadhar Sunkara3

1Novartis Institutes for Biomedical Research, Hyderabad, India, 2Novartis 
Institutes for Biomedical Research, Basel, Switzerland, 3Novartis Institutes 
for Biomedical Research, East Hanover, NJ, United States

Artemisinin based combination therapies are widely used and 
recommended by WHO as first-line therapy for uncomplicated 
Plasmodium falciparum malaria in nursing mothers. However, 
artemether-lumefantrine (AL, Coartem®) is not recommended during 
lactation (no breast feeding at least up to 28 days post last dose) as 
the excretion of AL in breast milk has not been studied. Clinical data 
on dihydroartemisinin (DHA) suggest clinically insignificant amount of 
DHA is excreted in breast milk (peak concentration: 35 ng/mL) after 
200 mg oral artesunate. In the absence of clinical data, amount of AL 
excreted into breast milk was estimated based on the milk-to-plasma 
drug concentration ratio (M/P ratio) obtained from preclinical studies. In 
a pre-postnatal preclinical study there were no developmental changes 
in rat pups fed exclusively on milk of mothers who received 50 mg/kg/
day of AL (7.1 mg/kg artemether, 42.9 mg/kg lumefantrine) up to day 
21 of lactation. In rats the M/P ratio was estimated from distribution of 
radioactivity in mammary gland after oral administration of radiolabelled 
artemether and lumefantrine. The potential amount of each drug moiety 
excreted in mother’s breast milk in 24 hours was estimated by M/P ratio 
× maternal plasma Cmax concentration × 150 mL/kg/day (volume of milk 
consumed per day per kg body weight of infant). The maximum M/P 
ratios observed over 24 hours for artemether and lumefantrine were 1.04 
and 1.3, respectively. Over the recommended six doses of AL, the mean 
maximum plasma concentrations of artemether and lumefantrine were 
186 ng/mL and 25.7 μg/mL, respectively, in malaria patients. Based on the 
M/P ratio and plasma levels of artemether and lumefantrine, the estimated 
daily cumulative consumption of artemether and lumefantrine by infants 
through breast milk following recommended AL doses in nursing mothers 
is 0.03 and 5.01 mg/kg, respectively, which is ~270 and ~10 fold lower 
than the recommended daily dose (40 mg artemether and 240 mg 
lumefantrine dose) for 5 kg body weight infants.

950
TRANSMISSION-BLOCKING ACTIVITY IS A FUNCTION OF 
OOCYST INTENSITY IN A CONTROL AND TRANSMISSION-
REDUCING ACTIVITY OF A TEST IN THE STANDARD 
MEMBRANE-FEEDING ASSAY (SMFA)

Bruce Swihart1, Kazutoyo Miura2, Bingbing Deng2, Luwen Zhou2, 
Thao Pham2, Ababacar Diouf2, Timothy Burton2, Carole Long2, 
Michael P. Fay1
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and Infectious Diseases, National Institutes of Health, Rockville, MD, 
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For transmission-blocking vaccine development against Plasmodium 
falciparum malaria, the standard membrane-feeding assay (SMFA) has 
been utilized widely to evaluate the functionality of vaccine-induced 
antibodies. However, there is no consensus whether to use % inhibition 
in oocyst intensity (transmission reducing activity, TRA), % inhibition in 
prevalence (transmission-blocking activity, TBA), or both as the main 
readout(s) of SMFA. We show that TBA is a function of mean oocyst 
intensity in the control. To establish this relationship, we examined 104 
experiments where anti-Pfs25 monoclonal antibody (4B7 mAb) was tested 
at the same 94 μg/ml dose.The experiments with the 20 lowest control 
mean oocysts (range: 0.1 - 5.9) were compared with the 20 highest 
(range: 30 - 74). The TRAs were not statistically significantly different 
(93 vs. 95, p-value=0.25), but the TBAs were significantly different: 80.0 
in the low group vs. 43 in the high group (p-value < 0.001). To address 
this dichotomy, we developed a model that adjusts TBA estimates to a 
specified normalizing target control intensity. We used our SMFA data that 
contained 105 independent feeding experiments with 11,838 mosquitoes 
to build the model, and two other data sets were utilized to test the 
model: one set used 4B7 mAb (104 feeds with 14,079 mosquitoes), and 
another set used polyclonal antibodies against multiple antigens (33 feeds 
with 6,826 mosquitoes). When observed TBA and model-based TBA 
(adjusted with control target mean oocyst intensity set to the observed 
value) were compared, there was a strong concordance between the two 
TBA values (concordance correlation=92.4 (95CI: [91.3, 93.4]) for 4B7 
mAb; 97.6 (95CI: [97.2, 98.0]) for polyclonal) in both data sets. The results 
indicate that TBA cannot be interpreted without mean number of oocysts 
in the controls, and TRA and TBA are not independent readouts. Moreover, 
this study establishes that with appropriate data (i.e., mean number of 
oocysts in the control and the TRA of a test sample), this model can be 
used to predict TBA at specific target control oocyst mean values in SMFA.

951
THE ROLE OF HUMAN MOBILITY ON VECTOR-BORNE 
DISEASE DYNAMICS

Amy Wesolowski, Caroline Buckee
Harvard School of Public Health, Boston, MA, United States

The emergence and continued persistence of various vector-borne diseases 
into human populations represents a significant global health risk and 
disease burden. Accurate predictive models identifying changing patterns 
of spatial vulnerability to both malaria and dengue will be critical to control 
and elimination measures. Key to defining spatial vulnerability is the role 
of infected human travelers on disease dynamics. Here we compare and 
contrast the role of human mobility on two vector-borne disease: malaria 
and dengue in both Asia and Africa. We find that the type of mobility 
relevant for transmission is both pathogen and location specific. We show 
that although the modeling framework varies between diseases, human 
mobility in combination with transmission suitability maps are able to 
estimate disease importation to generate fine-scale dynamic risk maps.



292

astmh.org

952
WHERE TO START MALARIA ELIMINATION: CORE OR 
FRINGES?

Nakul Chitnis, Allan Schapira, Christian Schindler, Melissa Penny, 
Thomas Smith
Swiss Tropical and Public Health Institute, Basel, Switzerland

Malaria and some other tropical diseases are currently targeted for 
elimination and eventually eradication. In many areas where diseases 
have been eliminated, it is often concluded that it would have been more 
efficient to focus efforts earlier in the places with the highest disease 
burden and transmission. These areas remained a threat after transmission 
was interrupted elsewhere, leading to the need to maintain potentially 
expensive surveillance activities in peripheral areas after the disease has 
been eliminated from them. We use a mathematical model to compare the 
implications of prioritisation choices in reducing overall burden and costs. 
We consider the implications of various assumptions of the relationships 
between burden, risk of importation, and the required duration of 
elimination program to transmission potential to show that (i) when the 
duration of the elimination program is independent of the transmission 
potential, burden is always reduced most by targeting high transmission 
areas first; (ii) the optimal ordering to reduce costs depends on the actual 
transmission levels; and (iii) in general, when overall transmission potential 
is low and the surveillance cost per secondary case is low compared to 
the cost per imported case, targeting the higher transmission area first is 
favoured.

953
ESTIMATED INCREASE IN MALARIA MORBIDITY AND 
MORTALITY IN EBOLA-AFFECTED COUNTRIES DUE TO 
DECREASED HEALTHCARE CAPACITY AND THE POTENTIAL 
IMPACT OF MITIGATION STRATEGIES

Patrick Walker, Michael White, Jamie T. Griffin, Alison M. 
Reynolds, Neil M. Ferguson, Azra C. Ghani
MRC Centre for Outbreak Analysis and Modelling, London, United 
Kingdom

At its peak the Ebola epidemic in West Africa overwhelmed healthcare 
systems making adequate care for malaria impossible and threatening 
the gains in malaria control achieved over the previous decade. Using a 
mathematical model we attempted to quantify the potential additional 
indirect burden this may have caused. We estimated the number of cases 
and deaths from malaria in Guinea, Liberia and Sierra Leone from DHS 
survey data on malaria prevalence and malaria-intervention coverage 
prior to the Ebola outbreak. We then removed the impact of treatment 
and hospital care to estimate additional cases and deaths from malaria 
due to reduced healthcare capacity. In the worst case scenario of malaria 
care ceasing as a result of the Ebola epidemic, we estimate increases in 
untreated malaria cases of 45%, 88% and 140% in Guinea, Liberia and 
Sierra Leone respectively in 2014. This represents 3.5 (95% CrI 2·6-4·9) 
million additional untreated cases and 10,900 (5,700-21,400) additional 
malaria-attributable deaths in 2014. As there is a large asymptomatic 
reservoir of infection in these highly endemic countries we found that the 
absence of treatment would have only a limited impact upon transmission, 
suggesting that the additional burden of this worst-case scenario can be 
scaled according to any intermediate level of health-care capacity when 
more detailed data of the impact of Ebola upon malaria care are available. 
Any disruption to ITN delivery during the Ebola epidemic is also likely to 
have contributed substantially to the additional indirect burden of the 
disease, although due to the cyclic nature of transmission we found the 
main impact upon burden due to this factor may not occur until the 2015 
transmission season. We found that emergency MDA and ITN campaigns 
timed to coincide with the 2015 transmission season could largely mitigate 
any future impact of Ebola on malaria and to substantially decrease the 
burden of non-Ebola-related febrile patients in affected areas.

954
MODELING THE IMPORTANCE OF THE INFECTIOUS 
RESERVOIR IN DESIGNING EFFECTIVE MALARIA 
ELIMINATION CAMPAIGNS

Jaline Gerardin, André Lin Ouédraogo, Kevin A. McCarthy, Philip 
A. Eckhoff, Edward A. Wenger
Institute for Disease Modeling, Seattle, WA, United States

Elimination of malaria can only be achieved through removal of all vectors 
or complete depletion of the infectious reservoir in humans. Mechanistic 
models can be built to synthesize diverse observations from the field 
collected under a variety of conditions and subsequently used to query 
the infectious reservoir in great detail. The EMOD model of malaria 
transmission is calibrated to prevalence, incidence, asexual parasite density, 
gametocyte density, infection duration, and infectiousness data from 
nine study sites. The infectious reservoir is characterized by diagnostic 
detection limit and age group over a range of transmission intensities with 
and without case management and vector control. The composition of 
the infectious reservoir by diagnostic threshold is similar over a range of 
transmission intensities, and higher intensity settings are biased toward 
infections in children. Recent ramp-ups in case management and use 
of insecticide-treated bednets reduce the infectious reservoir and shift 
the composition toward submicroscopic infections. Mass campaigns 
with antimalarial drugs are highly effective at interrupting transmission 
if deployed shortly after ITN campaigns. Proper timing of vector control, 
seasonal variation in transmission intensity, and mass drug campaigns 
allows lingering population immunity to help drive a region toward 
elimination.

955
CASE-MANAGEMENT FOR COMPLETE CURE OF 
PLASMODIUM VIVAX MALARIA: A MARKOV COST-
EFFECTIVENESS MODEL

Minnie Parmiter1, Yoel Lubell2, Shunmay Yeung3

1University of Glasgow, Glasgow, United Kingdom, 2Mahidol Oxford 
Tropical Medicine Research Unit, Bangkok, Thailand, 3London School of 
Hygiene & Tropical Medicine, London, United Kingdom

Plasmodium vivax elimination, now on the agenda in some regions, 
requires treatment not only of the blood stage infection but the 
hypnozoites in the liver that cause relapse. This requires use of primaquine, 
or another 8-aminoquinoline, which can cause severe haemolysis in 
patients with Glucose-6-Phosphate Dehydrogenase (G6PD) deficiency, an 
X-linked enzymatic mutation positively associated with malaria prevalence. 
In this cost-effectiveness model, we analyse the relative costs, effects 
and risks associated with three alternative P. vivax case management 
strategies: 1. chloroquine only treatment for vivax, 2. chloroquine and 
primaquine treatment without G6PD testing or 3. chloroquine, G6PD 
testing and primaquine treatment for those testing normal. Known 
heterogeneity is explored such as G6PDd prevalence, probability of relapse 
as a proxy for regional vivax strain and sex-specific risk. The results of this 
conceptual exploration show that uncertainty surrounding key parameters 
such as adherence to primaquine, likelihood of severe vivax infection, 
likelihood of drug-induced haemolysis in G6PD deficient individuals is 
important for decision making and more data are needed. This analysis 
shows the potential cost-effectiveness of G6PD test contingent primaquine 
treatment for many settings, under the chosen baseline assumptions.
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MODELING AND SENSITIVITY ANALYSIS OF THE EFFICACY 
OF LONG-LASTING MICROBIAL LARVICIDING ON MALARIA 
TRANSMISSION IN WESTERN KENYA HIGHLANDS

Ming-Chieh Lee1, Amruta Dixit1, Edward A. Wenger2, Philip A. 
Eckhoff2, Guiyun Yan1

1University of California Irvine, Irvine, CA, United States, 2Institute for 
Disease Modeling, Bellevue, WA, United States

Recent studies have showed that rising insecticide resistance and a 
relative increase in outdoor transmission have greatly hampered the 
effectiveness of insecticide-treated nets (ITN) and indoor residual spraying 
(IRS) in further reducing malaria disease burden in Africa. Microbial 
larvicides have been suggested as a supplemental intervention tool that 
may tackle outdoor transmission and pyrethroid insecticide resistance. 
Long-lasting microbial larvicides (LLML) are particularly attractive because 
they may be potentially more cost-effective. In order to determine the 
efficacy and cost-effectiveness of EPA-approved LLML in reducing malaria 
transmission and clinical malaria incidence, the Epidemiological Modeling 
(EMOD) model for Malaria Transmission developed by Institute for Disease 
Modeling was employed to determine optimal larviciding strategies. We 
simulated malaria transmission dynamics using parameters from study 
sites in western Kenya highlands under several scenarios: 1) LLML as a 
supplemental tool in the context of different levels of pyrethroid resistance, 
2) different killing efficacy of LLML, 3) varying duration of the effective 
period of larviciding, and 4) resistance to microbial larvicides. The results 
show the beneficial effect of ITNs and IRS can be gradually being reduced 
due to increased insecticide resistance and outdoor transmission in the 
absence of other supplemental interventions. After introducing LLML as 
a supplemental intervention, EIR in the highland sites can be reduced by 
up to 95%. Sensitivity analysis found that 50% larval killing efficacy by 
LLML in combination with ITNs can still lead to an overall 91% reduction in 
EIR. On the other hand, an 80% killing rate by LLML can lead to an 98% 
EIR reduction. Re-treatment of aquatic habitats every 5 months or less 
would lead to consistent reduction in transmission for the default duration 
of LLML. In summary, the modeling analyses suggest that LLML has the 
potential to provide significant added benefits to malaria control.

957
MODELING THE EFFECTIVENESS OF POPULATION-LEVEL 
MALARIA INFECTION DETECTION STRATEGIES FOR OPTIMAL 
CAMPAIGN SCOPING

Milen Nikolov, Jaline Gerardin, Caitlin A. Bever, Philip A. Eckhoff, 
Edward A. Wenger
Institute for Disease Modeling, Bellevue, WA, United States

Recent geo-tagged data express significant variation of prevalence and 
parasitemia, both across spatial regions and sociological units of analysis. 
Correspondingly, the relative benefits of tools for malaria infection 
detection - informing drug campaigns planning, execution and outcome 
analysis - differ across geographical locations and social scales. We 
investigate the relative effectiveness of infection detection methods in 
drug campaigns to reduce malaria incidence. Utilizing surveillance and 
remote sensing data, we re-construct the environmental covariates, vector 
life cycle, human mobility, and infectious reservoirs at distinct locations 
characterizing various population units: individuals, households, villages, 
and districts. We develop a calibrated multi-node spatial model within 
the EMOD framework accurately capturing the dynamics of malaria 
transmission and prevalence across hundreds of distinct population units 
and geographical sites. Within the model, we study five drug campaign 
strategies: mass drug administration, focal drug administration, mass 
screen and treat, focal screen and treat, and “snowball” reactive case 
detection. We evaluate campaign performance over a set of four well-
established diagnostics - RDT, PCR from filter paper bloodspots, thick 
film microscopy, high-volume qPCR - as well as the less commonly used 

aggregate high-volume qPCR. We derive the optimal combination of 
infection detection method and campaign strategy for different infectious 
reservoirs and transmission intensities spanning distinct geographies. In 
light of ongoing and future malaria elimination efforts comprising regions 
of greatly varying infectious reservoirs, our results provide a framework for 
improved drug campaign design via optimal infection detection strategies.

958
CATEGORIZING THE SEASONAL PATTERNS OF MALARIA 
TRANSMISSION FROM CLINICAL OBSERVATIONS AND 
SATELLITE SURFACES OF CLIMATE DATA

Caitlin A. Bever, Joshua L. Proctor, Jaline Gerardin, Philip A. 
Eckhoff, Edward A. Wenger
Institute for Disease Modeling, Bellevue, WA, United States

It is generally accepted that planning of malaria control measures requires 
proper accounting of local seasonal variation. Where elimination is 
concerned, it is of even greater importance. That said, many analyses 
are conducted using gross definitions of transmission intensity, usually 
in the form of an annual EIR or year-average prevalence, either because 
more detailed information is unavailable or is difficult to incorporate. 
Mathematical models have shown that seasonality is an important input 
to simulations that aim to represent clinical incidence and the impact 
of interventions that act on either the vector or human populations. In 
carrying out these analyses, modelers are faced with the need to balance 
the accuracy of results simulated using spatially and temporally detailed 
descriptions of seasonality with the efficacy of assuming that large, often 
arbitrarily defined, regions are similar. We introduce a general framework 
for assigning regional seasonality profiles in simulations of Plasmodium 
falciparum malaria that balances fidelity to observed patterns of clinical 
data and the computational cost of accurately capturing high resolution 
climate data. Our approach couples the Temperature Suitability Index 
(TSI), which quantifies the monthly propensity for transmission across 
Africa from 2000 to 2012, with the EMOD open-source model of malaria, 
a mathematical description of the vector life cycle coupled to within-
host parasite and immune dynamics. Fourier analysis of the continental 
TSI data was used to separate latitude-dependent phase shifts from 
other seasonality characteristics, and dynamic mode decomposition was 
then applied to identify a basis set of profiles that spans the diversity 
of observed shapes while limiting redundancy. Finally, a calibration was 
performed to determine the translation of these profiles into model inputs, 
in the form of larval habitat descriptions. The broad user base of EMOD 
can practically leverage this mapping in their own simulations of the 
disease in sub-Saharan Africa while the seasonality basis set itself can be 
adapted for use with the wider family of available malaria models.

959
COVERAGE AND EFFECTIVENESS OF MALARIA CASE 
MANAGEMENT IN SUB-SAHARAN AFRICAN COUNTRIES

Katya Galactionova, Fabrizio Tediosi, Don de Savigny, Thomas 
Smith, Marcel Tanner
Swiss Tropical and Public Health Institute, Basel, Switzerland

Malaria case management provides individual benefits by curing infection 
and preventing progression to severe disease as well as community-level 
benefits by reducing the infectious reservoir and averting emergence and 
spread of drug resistance. Despite the availability of efficacious drugs, the 
failure to treat malaria episodes effectively probably contributes much 
to the still unacceptably high burden of the disease. Many patients with 
malaria do not have access to or delay appropriate treatment, providers 
do not always comply with treatment guidelines, and patients do not 
necessarily receive the correct regimen. Following systems effectiveness 
literature we propose a framework to identify failures along the service 
delivery path and quantify their impact on patient outcomes. Populated 
with data from nationally representative surveys from across SSA 
countries the model yields important insights for malaria control policy. 
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Effective coverage, captured as a function of treatment seeking, provider 
compliance, adherence, and quality of medication remains low. While 
on average treatment is sought for about 60% of fevers, only 35% of 
episodes are treated effectively; that is nearly 40% of treatments fail to 
cure parasitemia. Effective coverage is particularly low in Somalia, South 
Sudan, Chad, Ethiopia, Central African Republic, and North and South 
Sudan. The counterfactual analysis indicates the potential improvement in 
effective coverage that could be achieved by scaling-up each of the service 
indicators. The analysis highlights the constraints that the downstream 
factors impose on treatment outcomes. Expanding access to treatment 
translates into higher levels of effective coverage in settings where other 
service indicators perform well; switching to a more efficacious treatment 
regimen can only improve effective coverage if treatment is sought and 
the drug is taken. This suggests that policy efforts targeting marginal 
improvements across multiple dimensions of service provision will result 
in a greater improvement in effectiveness than interventions focused on 
scaling up only one aspect of malaria case management.

960
SOCIOECONOMIC-RELATED HEALTH INEQUALITY IN 
RURAL WESTERN KENYA: EVIDENCE FROM A HOUSEHOLD 
MALARIA SURVEY ON BURDEN AND CARE-SEEKING 
BEHAVIOR

Vincent O. Were1, Meghna Desai2, Simon Kariuki1, Peter Ouma1, 
Ann M. Buff3, S. Patrick Kachur2, Penelope A. Phillips-Howard4, 
Feiko O. Kuile4, Louis W. Niessen4
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Atlanta, GA, United States, 3United States President’s Malaria Initiative, 
Nairobi, Kenya, 4Liverpool School of Tropical Medicine, Liverpool, United 
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Health inequality is recognized as a barrier to achieving health-related 
international development goals. Health equality data are essential for 
evidence-based health planning and assessing the effectiveness of current 
initiatives to promote equity. Such data have been captured but aren’t 
always analysed or used for managing program efforts. In a malaria 
endemic site in western Kenya, we examined health inequality data and 
the societal impact of malaria control initiatives on reducing the equity 
gap at the micro-level. We analysed data from a malaria cross-sectional 
survey among 2,719 people in 1,063 households in Siaya County, Kenya in 
mid-2012. Data were collected on socioeconomic (SES) and demographic 
factors, history of fever, malaria medication usage, and household 
expenditure on medications. A composite SES score was created from 
multiple correspondence analyses of household assets and households 
were classified as poor (lowest 3 wealth quintiles) or less-poor (highest 2 
wealth quintiles). Comparing the two groups, we calculated the odds of 
diagnostically-confirmed malaria, medication use and care seeking using 
logistic regression. Medication costs were compared using a generalized 
linear model. The odds of having malaria was significantly higher in 
households in the poor category (OR=1.4; 95% CI=1.2-1.7, p=0.001) 
than less poor. Poor households spent mean of $1.36 (95%CI=0.29-2.42) 
to purchase malaria medications 2 weeks prior to survey compared to 
$1.53 (95%CI=1.08-1.98) spent by less-poor households. Poor households 
spent 13% more to purchase non-recommended medications for 
malaria. Odds of care seeking and medication usage was lower amongst 
poor households. In multivariate analysis, the odds of malaria infection 
were significantly higher in poor versus less-poor households. The data 
demonstrate the existence of inequalities in malaria indicators between 
poor and less-poor households in an impoverished rural setting in Kenya. 
The findings contribute to a strategy for assessing and monitoring micro-
level health-equity impact of malaria prevention and control efforts

961
AVAILABILITY OF MALARIA PRODUCTS AT THE LAST MILE: 
AN ANALYSIS OF FACILITY- AND COMMUNITY-LEVEL 
LOGISTICS DATA

Naomi Printz
United States Agency for International Development | DELIVER PROJECT, 
John Snow, Inc., Arlington, VA, United States

Learning Objectives: Participants will describe relationships between 
supply chain data on malaria commodities at community- and facility-
levels, specifically looking at stockout data and consumption data. 
Community health workers (CHWs) are a major entry point to the health 
system for detection and treatment of malaria. As a first point of contact 
and common source of artemisinin-based combination therapy (ACT), 
consumption at the community level should be included for an accurate 
picture of health service delivery. Exploring the relationship between 
consumption at the health facility level and commodity level can better 
ensure availability of malaria products at the last mile. In 2008, Malawi 
rolled out a new strategy for integrated community case management 
of childhood illness to improve treatment given by health surveillance 
assistants (HSAs), who treat malaria cases in the community with ACTs. As 
the number of HSAs has increased, overall consumption has significantly 
increased. Compared with health-facility consumption, community-level 
consumption accounts for a larger percentage of cases in the dry season 
and up to 50 percent of overall pediatric case treatment. Health facilities 
supply products to HSAs. From 2011 to 2014, the number of stockouts 
increased overall, reflected both in the number of days that HSAs stocked 
out each month and the percentage of HSAs reporting a stockout of a 
commodity each month. At the national level, the trend of increasing 
stockouts among HSAs does not reflect on stockouts at the facility 
level. Overall facility-level stockouts during the dry season are low; and, 
in general, have decreased over time. In fact, the percentage of HSAs 
stocked-out increased significantly in 2013, but the facility-level stockouts 
of pediatric artemether/lumefantrine declined. Although the percentage of 
facilities stocked-out has decreased overall, this is not consistently reflected 
in HSA resupply. When stock is available at the facility level, it does not 
necessarily correlate to a high order fill rate. For most of 2012 and 2013, 
order fill rates ranged from around 50 percent to 90 percent, averaging 
around 65 percent.

962
WHO GOES WITHOUT? AN ASSESSMENT OF GAPS IN 
MALARIA INTERVENTION COVERAGE USING STANDARDIZED 
NATIONAL SURVEYS

Cristin A. Fergus1, Richard Cibulskis1, Michael Lynch2, n. Global 
Malaria Programme, World Health Organizatio
1World Health Organization, Grand-Saconnex, Switzerland, 2Centers for 
Disease Control and Prevention, Atlanta, GA, United States

While there have been impressive increases in the coverage of malaria 
interventions over the past decade, there are millions that do not receive 
life-saving services. Gaps in service coverage are evident in all countries 
that have National Malaria Control Programs. To design programs that fill 
these gaps, it is important to have a good understanding of the factors 
responsible for differential coverage levels of insecticide-treated nets (ITNs), 
Intermittent Preventative Therapy in pregnancy (IPTp), a malaria diagnostic 
test, and malaria treatment with an Artemisinin-based combination 
therapy (ACT). Some insight can be gained by examining nationally-
representative household surveys (which document the characteristics of 
people who do not receive services), and by decomposing the explained 
variance in regression models to identify factors that are associated with 
gaps in coverage. Across the most recent household surveys, a median: 
45% of households do not have an insecticide-treated net (IQR 36-66%), 
36% of children do not receive any care for fevers (IQR 28-41%), 78% 
of febrile children do not receive a diagnostic test (IQR 70-88%), and 
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43% of pregnant women do not receive at least one dose of Intermittent 
Preventative Therapy. Poverty, represented by belonging to the lowest 
wealth quintile, was the strongest factor associated with a household not 
having an ITN. Other important factors were being in a rural area and 
a head of household without a formal education. Poverty was also the 
most important factor associated with a pregnant woman not receiving 
IPTp. Poverty and living in a rural area were most strongly associated 
with receiving a diagnostic test, whereas the strongest predictor for not 
receiving an ACT was low educational attainment, followed by living in a 
rural area and being poor. To build on the increases of the past decade, it 
is important to identify and fill specific gaps in intervention coverage. The 
monitoring of malaria intervention coverage should not only include an 
assessment of where we have come from, but also identify areas where 
future gains are possible.

963
USE OF MALARIA SURVEILLANCE DATA TO DRIVE SUPPLY 
CHAIN DECISION-MAKING TO RESPOND TO MALARIA 
OUTBREAKS IN THE LAO PEOPLE’S DEMOCRATIC REPUBLIC 
(PDR)

Claudia Allers1, Olivier Celhay2

1United States Agency for International Development | DELIVER PROJECT, 
John Snow, Inc., Arlington, VA, United States, 2United States Agency for 
International Development | DELIVER PROJECT, Vientiane, Lao People’s 
Democratic Republic

Southern Laos experienced a prolonged malaria outbreak in 2013 and 
2014, with the highest number of cases reported in a decade in June 
2014. The need for a rapid response was critical to ensure that quality 
malaria rapid diagnostic test kits (RDTs) and artemisinin-based combination 
therapy (ACT) treatments were available at health facilities to test and 
treat the surge in malaria cases expected until the end of the rainy season 
in October. The United States Agency for International Development | 
DELIVER PROJECT helped plan and carry out an emergency distribution of 
RDTs and ACTs in the five southern provinces of the country that were the 
foci of the outbreak. In the absence of a regular reporting and resupply 
system, and lack of data on the availability of these critical commodities 
at provinces and districts, the Centre for Malaria, Parasitology, and 
Entomology (CMPE) utilized data from the country’s Malaria Information 
System and from sentinel surveillance sites to quantify and target the 
emergency distribution to those provinces and districts most heavily 
affected by the malaria outbreaks. Within four months, the project 
successfully distributed sufficient stocks to the southern provinces where 
the outbreak was contained.

964
PLASMODIUM CHABAUDI MALARIA IN MICE STRAINS 
PHENOTIPICALLY SELECTED FOR MAXIMAL OR MINIMAL 
ACUTE INFLAMMATORY RESPONSE

Bruna Macedo1, Heitor Franco Andrade1, Felipe De melo 
Hermida1, Marcelo de Franco de Franco2, Andrea Borrego Borrego2

1Institute of Tropical Medicine, Sao Paulo, Sao Paulo, Brazil, 2Institute 
Butantan, Sao Paulo, Brazil

AIRmax (high) and AIRmin (low) mouse strains diverged in their acute 
inflammatory response and they were obtained by the bidirectional 
phenotypic genetic selection, which allows the concentration of alleles 
of several loci of genes involved in the acute inflammatory response. 
Rodent malaria models are ideal and useful for the study of immunity 
and immune response to malaria, especially those with spontaneous 
control of the infection, as Plasmodium chabaudi. Here, we studied 
the evolution of P. chabaudi malaria and some aspects of the immune 
response min those strains, using as standard BALB/c mice. Parasitemia, 
serum cytokines and interleukins or their mRNA production by spleen 
cells were also determined, as well as liver and spleen histology. Groups 

of mice of each strain were infected ip with 106 parasitized erythrocytes. 
P. chabaudi CR malaria was more severe and with slower control in 
phenotypically selected AIRmin with low acute inflammatory response, a 
fact more intense in early stages of the infection. The spleen enlargement, 
evaluated by weight and histology, was notable and similar in all strains, 
without differences, but the limits between white and red spleen pulps 
was destroyed in latter periods in the 8th and 12th days after infection, due 
to cell proliferation. The liver showed fewer portals infiltrates in AIRmin 
models, which was abundant in BALB/c and AIRmax mice, with extra 
medullary erythropoiesis foci more intense in AIRmax mice. There are 
significant increment in mRNA or inflammatory cytokines, as IFNγ e TNFα, 
in AIRmin mice, with sustained elevated levels and a delay in the increment 
of regulatory cytokines IL-4 and IL-10. AIRmax mice appear to produce 
less inflammatory or regulatory cytokines but in a more orchestrated 
production, as suggested by histology. Our data support that rodent 
malaria was more severe in acute inflammatory response phenotypically 
deficient AIRmin mice as compared to BALB/c or AIRmax strains, the latter 
associated with organized spleen response with lower levels of cytokines. 
Those data support the participation of acute inflammatory response in 
the control of blood stages of malaria infection.

965
NEW EFFORTS AIMED AT REPLACING ACTS: THE 
IDENTIFICATION OF NOVEL, DRUG-LIKE, AND FAST-ACTING 
ANTIMALARIAL COMPOUNDS FROM A PHENOTYPIC 
SCREENING

Lourdes Rueda
GlaxoSmithKline, Collegeville, PA, United States

Malaria is a major global infectious disease that causes nearly 700,000 
deaths per year, mostly amongst pregnant women and young children. 
Drug resistance to the most used current tratments (ACTs) is widespread 
and the last antimalarial introduced into clinical practice was in 1996. 
Consequently, the next generation of antimalaria drugs is urgently 
required. Novel chemotypes with new mechanism of action must be 
identified to deliver new drugs that not only cure the disease, but that 
could also block the transmission of it. Unfortunately, in the last few 
years target-based approaches have proven to have limited success in 
delivering new antimalarial therapies. This fact has forced the antimalarial 
scientific community to be innovative and to find other ways of identifying 
new drugs to tackle this disease. Phenotypic screening has become 
the preferred approach across the antimalarial community for the 
identification of novel hit series to support these drug discovery efforts. In 
2010 we built and published the Tres Cantos Antimalarial Set (TCAMS): 
13,533 compounds that are the result of a whole cell screening of nearly 
two million compounds from the GSK corporate collection. In the last 
years, TCAMS along with other antimalarial tool sets of compounds have 
been our source of new hits. Different ways of analyzing, prioritizing 
and selecting the best molecules have successfully led to deliver different 
promising series with potential to become the future antimalarial drugs. 
With a particular focus on fast-acting antimalarial compounds, we selected 
hits displaying good physicochemical properties and an encouraging 
developability profile. Hit optimization efforts and additional profiling data 
around one of these series will be presented.
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966
COSTS OF MALARIA TREATMENT BETWEEN PUBLIC, 
COMMUNITY AND PRIVATE HEALTHCARE PROVIDERS IN 
SUBSIDIZED INPUT CONDITIONS

Hamidou Niangaly1, Josselin Thuilliez2, Alasseini Balam1, 
Mahamadou S. Sissoko1, Ariadna Sanz3, Abdoulaye A. Djimdé1, 
Ogobara Doumbo1

1Malaria Research and Training Center, USTTB, Bamako, Mali, 2CNRS-
Panthéon-Sorbonne-Paris 1 University, Paris, France, 3Barcelona Centre 
for International Health Research (CRESIB) Hospital Clínic - Universitat de 
Barcelona, Barcelona, Spain

Malaria is one of the main leading causes of healthcare demands in 
endemic areas. Governments are subsidizing or making free of charge 
the inputs of fighting against malaria in order to make malaria treatment 
affordable for their respective populations. Public and private sectors 
use subsidized and free inputs provided by the government for their 
customers. The aim of this work was to compare the costs of malaria 
treatment between public, community and private sectors. In West African 
Malaria Initiative framework, we carried out a cross-sectional study 
covering all healthcare center categories in 7 Regions and the Capital city 
of Mali in 2011. The heads of selected healthcare centers were asked on 
the fee for medical consultation and the unit cost for the treatment of 
uncomplicated and severe malaria. For variance comparisons Anova tests 
were used as appropriate. We surveyed 19, 18 and 16 from the public, 
community and private healthcare centers, respectively. The average costs 
for uncomplicated malaria treatment were $4.6, $3.6 and $10.3 (p-value = 
0.0031). The treatment of severe malaria was also more expensive within 
the private sector with $48.2 than public sector with $18.5 or community 
healthcare providers with $16.7 (p-value = 0.021). When we removed the 
fees of medical consultation bills the average costs of malaria treatment 
remained higher in private healthcare providers than public or community 
providers. There was inequity in the costs of malaria treatment between 
private, public and community healthcare consumers while all care 
providers used subsidized malaria control inputs.

967
GREATER IMPACT AT A LOWER COST: PRIORITIZING SUPPORT 
TO PATENT AND PROPRIETARY MEDICINE VENDORS FOR 
INCREASED QUALITY FEVER CASE MANAGEMENT IN EBONYI 
STATE, NIGERIA

Victor Lara1, Ogechi C. Onuoha2, Martin Dale1, Akin-Kolapo B. 
Nurat2, Martin Bell2
1Population Services International, Nairobi, Kenya, 2Society for Family 
Health, Abuja, Nigeria

Recent ACT watch data shows the importance of the private health sector 
in Nigeria as a provider of antimalarial drugs to patients. This comes with 
concerns over the correct use of drugs, as well as the overall quality of 
care offered by Patent and Proprietary Medicine Vendors (PPMVs). Large-
scale support systems available for PPMVs are currently incomplete, and 
often do not emphasize quality of care aspects. Traditionally, improving 
healthcare providers’ quality of care has relied on training and supervision, 
which includes performance assessments and coaching. This can be 
expensive, especially when engaging large networks such as PPMVs. 
Furthermore, introducing real-time observation of case management can 
also increase costs, especially if all providers are routinely visited. In order 
to study better ways to allocate available resources to support PPMVs, an 
integrated community case management project is being implemented 
in the Ebonyi State of Nigeria by Society for Family Health, MalariaCare 
and Population Services International. The project uses two data sources 
to classify providers: (i) case management performance observations to 
classify providers into three different groups (good, average and poor) 
and (ii) commodity stock tracking as a proxy of caseload, to separate 
PPMVs into two groups according to productivity (high= PPMVs accruing 

80% of the overall caseload and low= the remaining 20%). The analysis 
yields a performance vs. productivity matrix that helps prioritize providers 
for support, focusing first on those with a higher caseload and lower 
performance. This classification enables a more focused and better-tailored 
quality monitoring support effort towards those providers who will benefit 
the most. This innovative approach leads to more cost-effective resource 
allocation and by targeting providers with the biggest caseload, ensures 
populations most in need benefit from a better quality case management 
service.

968
HIGH FOLATE LEVELS ARE NOT ASSOCIATED TO INCREASED 
RISK OF MALARIA BUT TO REDUCED ANEMIA RATES IN THE 
CONTEXT OF HIGH DOSED FOLATE SUPPLEMENTS AND SP-
IPTP IN BENIN

Violeta Moya-Alvarez1, Gilles Cottrell2, Smaila Ouedraogo3, 
Manfred Accrombessi4, Achille Massobodgi5, Michel Cot2

1Institut de Recherche pour le Développement, Ecole des Hautes Etudes 
en Sante Publique EHESP, Paris, France, 2Institut de Recherche pour le 
Développement, Université Paris Descartes, Sorbonne Paris Cité, Paris, 
France, 3Unité de Formation et de Recherche en Sciences de la Santé, 
Université de Ouagadougou, Public Health Department, Centre Hospitalier 
Universitaire Yalgado Ouédraogo, Ouagadougou, Burkina Faso, 4Institut de 
Recherche pour le Développement, Cotonou, Benin, 5Faculté des Sciences 
de la Santé, Université d’Abomey Calavi, Cotonou, Benin

Gestational anemia is the first cause of morbidity in pregnancy worldwide, 
and nutritional deficiencies and pregnancy associated malaria (PAM) are 
its main causes. Therefore, WHO recommends an intermittent preventive 
treatment in pregnancy (IPTp) of 1500/75 mg sulphadoxine-pyrimethamine 
(SP) at each antenatal care visit (ANC) to tackle PAM and its effects. 
WHO also recommends 200 mg ferrous sulfate and 0.4mg folate daily 
to fight gestational anemia. However, national guidelines in Benin still 
recommend 5mg per day. SP is an effective anti-folate and, hence, high 
dose folate supplements might diminish the efficacy of IPTp, especially in 
the context of some resistance to SP. To evaluate this possible effect, we 
analyzed hematological and P.falciparum parasite indicators during the 
entire pregnancy in the context of the MiPPAD clinical trial comparing IPTp 
regimes of SP and mefloquine. Between 2010 and 2012, 1,005 pregnant 
women were followed in a prospective longitudinal cohort until delivery 
in Allada (Benin). At inclusion, socio-demographic status and gyneco-
obstetric history were investigated. Extensive medical and biological exams 
were realized on the occasion of each dose of IPTp and at delivery. Further 
exams were realized at each unscheduled visit. All patients were treated 
in case of disease. Random coefficient models assessed the relationship 
between the different hematological and parasitological measures and 
other variables. High folate levels and low Plasmodium falciparum 
parasite density had a protective effect on gestational anemia in the 
context of SP-IPTp. Furthermore, high folate levels were not associated 
with increased malaria risk (measured by blood smear), nor with increased 
P. falciparum parasite density. On the contrary, high iron levels were 
statistically linked to increased odds of PAM and increased P. falciparum 
parasite density. Albeit some resistance to SP, benefits of folate are 
undeniable and do not seem to entail an increased risk of malaria in the 
context of IPTp with anti-folates and high dosed folate supplements in 
Benin.
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969
IMPROVING PROVISION OF MALARIA SERVICES THROUGH 
PROVIDER TRAINING IN BURKINA FASO

Ousman Badolo1, Stanislas Nebie1, Moumouni Bonkoungou1, 
Mathurin Dodo1, Thierry Ouedraogo1, Rachel Waxman1, William 
R. Brieger2

1Jhpiego, Baltimore, MD, United States, 2Johns Hopkins University, 
Baltimore, MD, United States

In 2013, malaria was the main reason for consultation (53.90%), 
hospitalization (63.20%) and death (49.60%) in health facilities; children 
under 5 and pregnant women are most affected. Recent revisions to 
the World Health Organization’s (WHO) guidance to maintain effective 
approaches to defeating malaria, include monthly dosing of intermittent 
preventive treatment for pregnant women (IPTp), starting from the 13th 
week of gestation. To align with the latest WHO guidance, the Burkina 
Faso Ministry of Health, with support from the United States Agency for 
International Development-funded Improving Malaria Care (IMC) project, 
revised national malaria guidelines in March 2014. 68 trainers from 9 
health regions were trained on the revised national malaria guidelines. 
From June to September 2014, 744 providers from 524 health facilities 
in 21 districts (33%) were trained on the prevention and management of 
malaria cases. To ensure updated guidance reaches all health workers, the 
training included a module on how to update colleagues in their respective 
facilities. During supervision visits, most trained providers were using the 
new guidelines and pregnant women are increasingly receiving the third 
and higher doses of SP before delivery. In the first six months after the 
training sessions, pregnant women, who received the third dose of SP 
(IPTp3) increased from 0% to 12%. Three months later, that proportion 
rose to 30%. Comparatively, in the remaining 42 districts who received 
only the copies of the new guideline without training, IPTp3 was 5% nine 
months after receiving the guidelines. The training sessions contributed 
to improving the implementation of revised IPTp guidelines and uptake of 
IPTp 3 and higher better than distribution of the new guidelines alone. As 
a result the IMC project will scale-up the training in Year 2 to 600 more 
providers from 464 health facilities, and other partners have also agreed to 
support the National Malaria Control Program to reach remaining facilities. 
Challenges in increasing IPTp uptake include commodity distribution 
and inadequate engagement of private health facilities to update their 
practices and reporting of SP distribution.

970
NRH: QUINONE REDUCTASE 2 (NQO2) PROTECTS AGAINST 
HEMOLYTIC TOXICITY INDUCED BY PRIMAQUINE 
ANTIMALARIAL IN G6PD DEFICIENT HUMAN ERYTHROCYTES

Jagrati Jain1, Narayan D. Chaurasiya1, NP Dhammika 
Nanayakkara1, Larry A. Walker1, Babu L. Tekwani1, James D. 
McChesney2

1University of Mississippi, University, MS, United States, 2Ironstone 
Separations, Inc, Etta, MS, United States

8-Aminoquinolines (8-AQs), including primaquine (PQ), are important 
class of anti-protozoal drugs but have limited utility due to hemotoxic 
effects of one or more metabolites. Hemolytic episodes are of major 
concern in G6PD deficient populations in states of oxidative stress. 
Erythrocytes from G6PD deficient Individuals also display depletion of 
reduced glutathione (GSH) due to compromised capability to produce 
NADPH. Phenolic metabolites generated through cytochrome P450-
dependent pathways appear to be responsible for hemolytic effects of 
primaquine. The hemotoxic response of the redox active metabolites of 
PQ could be measured in vitro by accumulation of methemoglobin and 
kinetic measurement of increase in oxidative stress. NQO2, a FAD-linked 
oxidoreductive enzyme, catalyzes mandatory two-electron reduction of 
quinones to hydroquinones, without accumulating semiquinones and free 
radicals. Human erythrocytic NQO2 is the only protein target identified 
for PQ. NQO2 seems to be a detoxification enzyme for quinones. This 

suggests the role of NQO2 in detoxification of reactive metabolites 
of PQ in erythrocytes, as redox cycling of quinone and quinone-imine 
metabolites has been implicated in hemotoxicity of 8-AQs. 5-Hydroxy 
PQ (5HPQ), and 6-methoxy-8-hydroxylaminoquinoline (MHQ) are among 
the putative hemotoxic metabolites of PQ. 5HPQ is highly unstable, 
which is spontaneously converted to 5, 6-orthoquinone (5, 6-o-QPQ) and 
quinone-imine. 5HPQ and MHQ produce dose-dependent methemoglobin 
accumulation, oxidative stress and depletion of GSH in G6PD deficient 
human erythrocytes. The NQO2 inhibitors namely, melatonin, resveratrol 
and quercetin were tested for their effects on PQ metabolites-induced 
hemolytic toxicity. The NQO2 inhibitors synergistically increased 5HPQ- 
and MHQ-induced methemoglobin accumulation, oxidative stress and 
depletion of GSH in G6PD deficient human erythrocytes. The results 
suggest a protective role of NQO2 in hemolytic toxicity of PQ. More precise 
knowledge on interactions of these metabolites with NQO2 should help in 
understanding the mechanism of PQ-induced hemolytic toxicity.

971
TRANSFORMING THE PRIVATE SECTOR MARKET FOR 
QUALITY MALARIA CASE MANAGEMENT IN KINSHASA: 
RESULTS FROM BASELINE SURVEYS AND MONITORING 
ACTIVITIES.

Stephen Poyer1, Martin Dale1, Willy Onema2, Frederick Persoons1, 
Victor Lara1, Nikki Charman1, Marcel Lama2

1Population Services International, Nairobi, Kenya, 2Association de Sante 
Familiale, Kinshasa, Democratic Republic of the Congo

Malaria remains one of DRC’s foremost public health and development 
challenges. There were an estimated 11.3 million malaria cases and almost 
31,000 malaria-related deaths reported through health facilities in 2013, 
making the DRC the second most malaria-affected country in the world 
after Nigeria. With support from DFID, PSI and ASF (PSI’s local affiliate) are 
embarking on one of the most significant malaria control pilot projects 
in the world today. The capital city, Kinshasa, is home to an estimated 
12 million people, all of whom at risk from malaria. 97% of antimalarials 
are distributed through the private sector in Kinshasa, and yet the quality 
of that treatment is unacceptably poor. In 2013 only 4% of antimalarials 
distributed in the private sector were quality-assured artemisinin-based 
combination therapies (QAACTs), compared to 32% SP and 19% quinine. 
One of the most important current challenges in malaria control is finding 
a sustainable and replicable approach to transforming the private sector 
from a public health threat for malaria sufferers to an opportunity to 
access affordable, high-quality malaria case management services. Such 
services include the availability of diagnostic testing and QAACTs at 
private health facilities and drug shops, the most common private sector 
sources of care. The project comprises a combination of interventions to 
target identified market constraints including the high ex-factory price 
of QAACT, poor supply chain coordination, low consumer demand for 
QAACT and the poor quality private sector malaria case management. A 
comprehensive M&E plan guides project learning, course correction and 
evaluation. Here we present the M&E plan, and baseline results on QAACT 
price from mystery shopper activities and consumer informed demand and 
use for QAACT and diagnostic testing from a representative population-
based survey. In addition, we present quality of care and rationale 
treatment outcomes from medical detailing visits and client exit interviews 
at a subset of private facilities included in an RDT pilot embedded within 
the wider project.
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972
A TALE OF TWO PROVIDERS: DIFFERENCES IN FEVER CASE 
MANAGEMENT PRACTICES AND PERFORMANCE AMONG 
PRIVATE CLINICIANS AND PRIVATE PHARMACY PROVIDERS 
ON THE KENYAN COAST

Purity Njagi1, Job Makoyo2, Nancy Njoki2, Rhoune Ochako2, 
Stephen Poyer1, Cristina Lussiana1, Martin Dale1, Stephanie Dolan1

1Population Services International, Nairobi, Kenya, 2Population Services 
Kenya, Nairobi, Kenya

The private health sector is universally recognized as a key player for 
effective fever case management in malaria-endemic countries. The term 
‘private health sector’ encompasses a variety of providers, with varying 
competences and behaviours. This inherent heterogeneity of the private 
health sector is often poorly understood. Population Services International 
is implementing a project to improve fever case management in the 
private health sector. In the coastal region of Kenya the project enrols 
private clinics and pharmacies. In order to better understand differences 
in provider performance, exit interviews were conducted in Q4 2014 with 
534 clients seeking treatment for fever from 86 private clinics and 44 
pharmacies. Routine competency assessments were conducted with 75 
private physicians and 52 pharmacists in Q3/4 2014. Clients were more 
likely to be tested for malaria in private clinics than pharmacies (84.1% 
vs. 39.7%, p<0.0001). Overall, 84.9% of 216 malaria test-positive 
clients received any antimalarial, with no difference between facility 
types (p=0.7). However, test-positive clients were more likely to receive 
a recommended ACT at pharmacies (86.8%) than they were at private 
clinics (75.5%, p=0.06). Clients at private clinics were twice as likely to 
receive an antibiotic independently of test outcomes. From the routine 
assessments 54.4% of pharmacists and 57.7% of physicians scored over 
80% when assessed on RDT procedure. Levels of patient counselling 
were similar in the two groups (pharmacists: 91.5%, physicians: 98.2%). 
However, no more than one-in-five providers assessed patients for danger 
signs (pharmacists: 14.1%, physicians: 20.6%). Pharmacists performed 
worse than physicians in correct fever case management practices (30.9% 
vs. 42.4%, respectively) and in correct disposal of lancets (24.7% vs. 
38.1%, respectively). Provider heterogeneity should be taken into account 
when conceiving projects within the broad private health sector in order 
to better define provider profiles and design tailored interventions that 
improve cost-effectiveness.

973
COSTS ASSOCIATED WITH MALARIA IN PREGNANCY IN THE 
BRAZILIAN AMAZON

Elisa Sicuri
ISGlobal, Barcelona, Spain

Information on costs associated with malaria in pregnancy (MiP) in low 
transmission areas where Plasmodium vivax (Pvivax) predominates is so 
far missing. This study estimates health system and patient costs of MiP in 
the Brazilian Amazon. Methods/principal findings: Between January 2011 
and March 2012 patient costs for the treatment of MiP were collected 
through an exit survey at a tertiary referral hospital and at a primary health 
care centre in the Manaus metropolitan area, Amazonas state. Pregnant 
and post-partum women diagnosed with malaria were interviewed after 
an outpatient consultation or at discharge after admission. Seventy-three 
interviews were included in the analysis. Ninety-six% of episodes were 
due to Pvivax and 4% to Plasmodium falciparum (Pfalciparum). In 
2010, the total median costs from the patient perspective, were estimated 
at US$ 45.91 and US$ 216.29 for an outpatient consultation and an 
admission, respectively. When multiple Pvivax infections during the same 
pregnancy were considered, patient costs increased up to US$ 335.85, 
representing the costs of an admission plus an outpatient consultation. 
Provider direct and indirect costs (overheads) data were obtained from 
several sources. The provider cost associated with an outpatient case, 

which includes several consultations at the tertiary hospital was US$ 
103.51 for a Pvivax malaria episode and US$ 83.59 for a Pfalciparum 
malaria episode. The cost of an inpatient day and average admission of 3 
days was US$ 118.51 and US$ 355.53, respectively. Total provider costs 
for the diagnosis and treatment of all malaria cases reported in pregnant 
women in Manaus in 2010 (N=364) were US$ 17,038.50, of which 92.4% 
due to Pvivax infection. Conclusion: Despite being an area of low risk 
malaria transmission, MiP is responsible for a significant economic burden 
in Manaus. Especially when multiple infections are considered, costs 
associated with Pvivax are higher than costs associated with Pfalciparum. 
The information generated may help health policy decisions for the current 
control and future elimination of malaria in the area.

974
EVALUATION OF A MOBILE PHONE-BASED MALARIA 
ROUTINE SURVEILLANCE SYSTEM IN AMHARA REGION, 
ETHIOPIA

Asefaw Getachew1, Jeff Bernson2, Belendia Serda1, Berhane 
Tesfay1, Asnakew Yeshiwondim1, Adem Ahmed1, Belay Beyene3, 
Callie Scott2, Caterina Guinovart2, Rick Steketee2

1PATH, Addis Ababa, Ethiopia, 2PATH, Seattle, WA, United States, 3Amhara 
National Regional State Health Bureau, Bahir Dar, Ethiopia

Ethiopia is a malaria epidemic-prone county learning to transition across 
the control to elimination continuum in selected districts. Surveillance 
systems for tracking morbidity and monitoring systems to decide 
on positioning of anti-malaria commodities based on village level 
spatiotemporal fluctuations are crucial parts of the program. A rapid 
reporting system was established in health posts (HPs) in 209 villages in 
eight districts in Amhara Region, Ethiopia. Community based surveillance 
assistants (CBSAs) were trained and deployed to report weekly morbidity 
and commodity data using mobile phones supported by the web-based 
DHIS2 platform. Reporting includes the counts of seven morbidity and 
behavioral elements and six commodity data elements. Weekly reporting 
data were extracted over a 20-month period (September 2013-April 2015). 
We explored whether reported surveillance data could enable health 
workers to visualize accurate data to follow the oscillation of morbidity 
and trigger local response decisions. Across the 209 HPs, the overall 
report submission rate was 91%; 89% of submitted data was considered 
complete; and 89% of HPs reported data parameters free of errors. Due 
to challenges with the DHIS2 system, mobile reporting timeliness could 
not be captured in the system. In the 209 HPs, the mean weekly rapid 
diagnostic test (RDT) positivity rate was 30% (weekly range: 13-49%). This 
initial system assessment demonstrated that for the existing data collection 
system in rural Ethiopia, it is feasible to use smartphones to report from 
rural HPs into platforms such as DHIS2 to inform decisions at any level. 
Data validation procedures are critical to assess and ensure the accuracy 
of data reported. Factors influencing data quality include the training and 
follow-up of the CBSA in each HP catchment area, existence and use of 
job aides, and the number and quality of source documents for reporting 
cases. Lessons were documented on specific improvements to the rapid 
reporting system including better measurements of reporting timeliness.
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975
MASS WEEKLY FEVER SCREENING, TESTING AND 
TREATMENT FOR MALARIA IN LOW TRANSMISSION AREAS 
IN MATAM AND LOUGA REGIONS, SENEGAL

Farba Faye1, Caterina Guinovart2, Yakou Dieye1, Badara Cisse1, 
Adama Tall1, Michael Hainsworth2, Callie Scott2, Ruben Conner2, 
Mame Sy3, Doudou Sene3, Souleymane Ba3, Elhadji Doucoure3, 
Tidiane Thiam3, Ritu Kumar2, Michael Kalnoky2, Moustapha 
Cisse4, Fatou Fall4, Mady Ba4, Duncan Earle5, Philippe Guinot1, Rick 
Steketee2

1PATH, Dakar, Senegal, 2PATH, Seattle, WA, United States, 3Ministry of 
Health, Matam and Louga regions, Senegal, 4Programme Nationale de 
Lutte contre le Paludisme, Dakar, Senegal, 5PATH, Lusaka, Zambia

The PECADOM+ strategy (prise en charge à domicile), a weekly active 
case detection for malaria conducted by community health workers, is 
ongoing in Southeast Senegal since 2012 and has shown promising results 
to decrease the malaria burden. The MOH and MACEPA implemented 
an enhanced PECADOM++ strategy in Kanel, Linguère and Ranérou 
districts as part of malaria elimination activities conducted in these low-
transmission areas during the 2014 transmission season. All households 
were visited weekly to screen for fever cases and all individuals with a fever 
or a history of fever in the last 7 days were tested with a rapid diagnostic 
test (RDT). Positive individuals were treated with dihydro-artemisinin-
piperaquine and all individuals in their households were tested and treated 
if positive (household focal testing and treatment). A quasi-experimental 
study was conducted in six intervention health post catchment areas, with 
seven adjacent health posts with similar characteristics selected as controls. 
Villages within the catchment areas were stratified according to the 2013 
incidences of passively detected malaria cases and targeted with different 
interventions by strata. Those with an incidence ≥5 cases/1000/year 
received PECADOM++ from October 2014 to January 2015. To evaluate 
the impact of the interventions, the incidence of passively detected, RDT-
confirmed malaria cases at the health posts will be compared before and 
after the intervention and between intervention and control villages. 
Preliminary results show that 94% (3100/3304) of households received 
at least one weekly visit, but the field work was logistically challenging, 
resulting in inconsistent coverage over time. On average 9% of households 
had at least one individual with a history of fever each week and 6% of 
those were RDT-positive (ranging from 2 to 14% by health post). The 
household focal testing and treatment positivity rate was also 6% (range 
0-9% per health post). Final results of the impact evaluation, assessment 
of geographical clustering of infections over time, characteristics of malaria 
cases and estimates of implementation costs will be available in mid-2015.

976
SHARED EPITOPES BETWEEN PLASMODIUM VIVAX DUFFY 
BINDING PROTEIN (PVDBP) AND P. FALCIPARUM VAR2CSA 
INDUCE CROSS-REACTIVE ANTIBODIES IN COLOMBIAN 
POPULATIONS

Sedami Gnidehou1, Evelyn Medawar1, Eliana Arango2, Prachur 
Shrivastava1, Albert Jin1, Jahanara Rajwani1, Amanda Maestre2, 
Michael Good3, Stephanie Yanow1

1University of Alberta, Edmonton, AB, Canada, 2Universidad de Antioquia, 
Medellín, Colombia, 3Griffith University, Gold Coast, Australia

Antibodies against the VAR2CSA antigen of Plasmodium falciparum 
are associated with improved outcomes of pregnancy-associated malaria. 
In a recent study, we demonstrated that contrary to what was described 
in African studies, men and children from Colombia exposed to P. 
falciparum and P. vivax had functional antibodies against VAR2CSA. Here 
we identified cross-reactive epitopes between VAR2CSA and the Duffy 
binding protein from P. vivax (PvDBP). We showed by confocal microscopy 
that a PvDBP monoclonal antibody generated in mice recognized the 
VAR2CSA protein expressed by the CS2 P. falciparum lab strain. Both 

the PvDBP antibody and anti-VAR2CSA antibodies from an immunized 
rabbit cross-recognized PvDBP and VAR2CSA proteins by western blot. 
We identified two peptides within the DBL5ε domain of VAR2CSA that 
are selectively recognized by sera from Colombian, but not Beninese, men 
and children. Furthermore, we identified one peptide from PvDBP that 
shares homology with one of the DBL5ε peptides. Antibodies against these 
two peptides from different species were highly correlated. Our findings 
suggest that epitopes from P. vivax antigens induce antibodies that cross-
react with VAR2CSA from P. falciparum and may be associated with 
protection against pregnancy-associated malaria.

977
A MALARIA VACCINE FOR TRAVELERS AND MILITARY 
PERSONNEL

Nimfa Teneza-Mora1, Joanne Lumsden2, Eileen Villasante1

1Naval Medical Research Center, Silver Spring, MD, United States, 2Henry 
Jackson Foundation, Rockville, MD, United States

The growth of global travel to potentially malarious regions increases 
the risk of malaria infection among non-immune travelers. Despite the 
availability of highly effective malaria protective measures, including 
chemoprophylaxis, malaria cases among persons who travel from malaria-
free countries to endemic areas continue to occur, likely due to suboptimal 
rates of compliance and other related factors. Two non-immune groups 
who are at a particularly high risk of acquiring severe malaria infection 
are international travelers to Africa who visit friends/relatives and military 
personnel deployed to malaria endemic areas. These two groups would 
benefit greatly from a vaccine to protect them against malaria infection 
and constitute a substantial market for such a vaccine. Desirable attributes 
of a vaccine to protect non-immune travelers and military personnel 
include a protective efficacy of at least 80% and preferably greater than 
90%, adequate level of protection achieved within 14 days of completing 
the immunization series, durability for at least 6 months, acceptable 
safety/tolerability profile, and compatibility with current malaria protective 
measures. Phase 1 clinical studies have shown that a vaccine protective 
efficacy of at least 80% against controlled human malaria infection (CHMI) 
was achievable with the RTS,S vaccine with delayed fractional dose and 
the PfSPZ Vaccine. Clinical studies are being conducted on both vaccine 
candidates to obtain valuable data on the optimum regimen that affords 
protection against heterologous strains of P. falciparum, and greater 
than 6 months durability of protection to support licensure of an effective 
vaccine for travelers and military members.

978
RELATIONSHIP OF MALARIA PARASITEMIA TO PFAMA-1 
VACCINE-INDUCED IMMUNOGENICITY

Matthew B. Laurens1, Drissa Coulibaly2, Bourema Kouriba2, 
Mark A. Travassos1, Jason A. Bailey1, Christopher G. Jacob1, Amed 
Ouattara1, Kirsten E. Lyke1, Andrea A. Berry1, Matthew Adams1, 
Sheetij Dutta3, Jozelyn V. Pablo4, Rie Nakajima4, Algis Jasinskas4, 
Philip L. Felgner4, Mahamadou A. Thera2, Ogobara K. Doumbo2, 
Christopher V. Plowe1

1Center for Malaria Research, Institute for Global Health, University of 
Maryland School of Medicine, Baltimore, MD, United States, 2Malaria 
Research and Training Center, University of Science, Techniques and 
Technology, Bamako, Mali, 3Walter Reed Army Institute of Research, Silver 
Spring, MD, United States, 4Division of Infectious Diseases, Department of 
Medicine, University of California Irvine, Irvine, CA, United States

Many clinical trials of malaria vaccines have included pre-vaccination 
curative antimalarial therapy and others have not. The impact of 
parasite clearance on vaccine immunogenicity for both pre-erythrocytic 
and erythrocytic antigens is not known. In Phase 2 testing in Malian 
children, an apical membrane antigen 1 (AMA1) malaria vaccine showed 
strain-specific efficacy against clinical malaria caused by Plasmodium 
falciparum, and the increase in anti-AMA1 antibody from baseline 
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was associated with protection. To evaluate the effect of P. falciparum 
asexual parasitemia at vaccination on subsequent immunogenicity, we 
compared the anti-AMA1 antibody levels at baseline and 30 days after 
the last vaccination in AMA1 vaccinees positive for asexual parasites by 
PCR or by microscopy to AMA1 vaccinees negative for parasitemia using 
an unpaired t test. A subset of 40 vaccinees was also evaluated using 
a protein microarray that measured seroreactivity to 264 unique AMA1 
ectodomain variants at baseline and at 30 days after the last vaccination. 
Among AMA1 vaccinees with immunogenicity measured, 47/194 had 
detectable P. falciparum parasites on vaccination days. Mean anti-AMA1 
antibody levels at baseline and 30 days after last vaccination in parasite-
positive children were 56.3 µg/mL and 563.2 µg/mL, respectively. In 
parasite-negative children, these values were significantly lower at 6.0 µg/
mL (p<0.0001) and 398.8 µg/mL (p=0.0045), respectively. Of 40 vaccinees 
with seroreactivity measured by protein microarray, 11 were parasitemic 
on days vaccinations were given. Among these 11, seroreactivity against 
23 AMA1 variants was higher at baseline than for the 29 participants who 
were malaria negative (p<0.01). At 30 days post-last vaccination when 
seroreactivity had increased for all variants, no differences in microarray 
seroreactivity were observed for participants positive vs. negative for 
malaria at vaccination. These findings suggest that malaria parasitemia at 
vaccination did not negatively impact, and may have enhanced, humoral 
immunogenicity for a blood stage vaccine that showed strain-specific 
efficacy.

979
GENOME-WIDE IMMUNOSCREENING OF ANTIBODIES 
RESPONSIBLE FOR PLASMODIUM FALCIPARUM GROWTH 
INHIBITORY ACTIVITY OF MALIAN ADULT IGG

Masayuki Morita1, Eizo Takashima1, Bernard N. Kanoi1, Kazutoyo 
Miura2, Carole A. Long2, Takafumi Tsuboi1
1Ehime University, Matsuyama, Japan, 2Laboratory of Malaria and Vector 
Research, National Institute of Allergy and Infectious Diseases, National 
Institutes of Health, Rockville, MD, United States

Residents in malaria endemic area acquire resistance against the disease 
by repetitive infection with Plasmodium falciparum. Experiments 
have demonstrated that malaria symptoms in children infected with the 
parasite can be alleviated by passive transfer of antibodies from malaria 
semi-immune individuals. This passive transfer provides strong evidence 
that antibodies have important roles in malaria immunity. Furthermore, 
antibodies from people residing in a malaria endemic area have been 
demonstrated to recognize antigens of merozoite, the erythrocyte 
invasive form of the parasite, and exhibit growth inhibitory activity (GIA) 
against in vitro cultured P. falciparum. We therefore hypothesized that 
identification of antigens responsible for GIA may support the discovery 
of novel blood-stage vaccine candidates. In this study, we used Malian 
adult IgGs (n=51) that had GIA against P. falciparum 3D7 strain ranging 
from 17 to 84%. Genome-widely selected 1,848 proteins of the 3D7 
strain were synthesized by wheat germ cell-free system; a system that can 
express natively-folded malaria proteins. AlphaScreen, a high-throughput 
homogeneous system that retains natural conformation of proteins in 
solution, was modified to detect antigen-antibody reaction. By setting 
the reactivity cut-off point as mean plus 3SD of the AlphaScreen count of 
negative control, we selected 905 immunoreactive proteins against Malian 
IgGs. Of those, we selected 39 antigens which showed significant positive 
correlations between their reactivity and the GIA. GIA has been attributed 
to antibodies targeting multiple antigens. Therefore, in addition to the 
analysis of individual antigens, we statistically analyzed combinations of 
3 antigens that could better explain the GIA observed with Malian adult 
IgGs. To validate this approach, GIA assays were performed with a mixture 
of 3 rabbit antibodies against P. falciparum antigens selected by the 
analysis. The mixture showed higher GIA value than any of individual IgG. 
From these results, we conclude that our AlphaScreen system is effective 
to identify novel malaria vaccine candidates.

980
COMPLEX SYNTHETIC MINIGENE VACCINES: AN 
ALTERNATIVE APPROACH TO ANTIGEN DISCOVERY

Brad Stone, Zachary P. Billman, Arnold Kas, Sean C. Murphy
University of Washington Medical Center, Seattle, WA, United States

In the whole Plasmodium sporozoite model in BALB/c and C57BL/6 
mice, we have attempted to modify dosing regimens, intervals, dosages, 
degree of parasite attenuation and sporozoite species in order to increase 
the potency of sporozoite-based vaccination. Our efforts continue to 
show that whole sporozoite hyperimmunization results in ‘boostable’ 
CD8 T cell responses to high-abundance, pre-formed antigens and 
‘unboostable’ responses to antigens newly expressed in the liver stage. 
Since modifications to traditional sporozoite immunization could not 
dramatically increase diversity the immune repertoire or the intensity of 
responses against newly expressed liver-stage antigens, we turned to 
a novel synthetic DNA vaccination approach. We performed proof-of-
principle experiments in mice by testing a rapid synthetic “minigene” 
technology for highly parallel synthesis of multi-antigen Plasmodium-
derived DNA vaccines. We utilized microarray-based oligonucleotide 
synthesis technology and ligation-independent cloning to rapidly 
synthesize two DNA vaccines, each encoding the complete peptide 
compliment of 50 secreted or transmembrane P. yoelii proteins. Using 
different DNA gene gun vaccination regimens, we induced responses 
to both known and previously unknown novel antigens. Antigenic 
responses are being investigated for their ability to protect mice singly or 
in combination with other DNA vaccine-induced responses. Interestingly, 
while most but not all DNA vaccine-induced responses can be recalled 
by later sporozoite exposure, a minority of these responses could be 
induced by sporozoites alone. The utility of such sub-dominant antigens in 
multi-antigen vaccines is under evaluation. These data show that rapidly 
produced, complex experimental DNA vaccines are capable of identifying 
multiple subdominant T cell antigens. We believe that, with appropriate 
automation, this approach represents a high-throughput system for 
discovery of vaccine subunits that cannot be identified by conventional 
vaccinology approaches.

981
A SYNTHETIC TLR4 AGONIST ENHANCES BI-FUNCTIONAL 
ANTIBODIES AND MULTI-FUNCTIONAL CD4+ T-CELL 
RESPONSES AGAINST A PLASMODIUM FALCIPARUM MULTI-
STAGE PROTEIN VACCINE

Susan L. Baldwin1, Will Roeffen2, Susheel K. Singh3, Regis W. 
Tiendrebeogo3, Michael Christiansen3, Elyse Beebe1, Christopher 
B. Fox1, Randall F. Howard1, Steven G. Reed1, Robert Sauerwein2, 
Michael Theisen3

1Infectious Disease Research Institute, Seattle, WA, United States, 
2Radboud University Medical Center, Nijmegen, Netherlands, 3Statens 
Serum Institut, Copenahgen, Denmark

The development of a multi-stage subunit vaccine targeting both 
transmission and disease-causing asexual blood stages of Plasmodium 
falciparum (Pf) is considered a focus area for malaria vaccine 
development. We have previously explored a combination vaccine 
composed of the N-terminal portion of Pf GLURP (R0) genetically fused 
to the C-terminal 10C fragment of Pfs48/45. Since the GMZ2 vaccine 
candidate is in advanced clinical development, it was of interest to 
investigate whether a combination of GMZ2 and Pfs48/45 can elicit an 
immune response against both transmission and asexual blood-stage 
parasites. GMZ2 is a hybrid protein consisting of conserved domains of 
the two asexual blood-stage antigens GLURP27-500 and MSP3212-380 
aimed at mimicking pathogen components that induce premunition, a 
state of NAI against Pf malaria. Here, we have produced the GMZ2.6C 
chimera between GMZ2 and the 6 Cys-fragment (6C) of Pfs48/45 
containing a major epitope for transmission blocking (TB) antibodies. 
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Fusion molecules containing properly folded 6C were affinity purified 
using a rat monoclonal antibody. A preclinical study screening of a 
series of adjuvant formulations (stable emulsions, liposomes, and alum) 
containing the immune modulators GLA, SLA, and/or QS21 plus GMZ2.6C 
was performed in C57BL/6 mice to identify a vaccine suitable for further 
human clinical studies. Those adjuvant formulations containing the 
synthetic TLR4 agonists GLA or SLA elicited the highest parasite-specific 
IFA titers, the greatest IFN-γ responses in CD4+ TH1 cells, and the highest 
percentage of multi-functional CD4+ T cells expressing IFN-γ and TNF in 
response to GMZ2.6C. GMZ2.6C combined with GLA or SLA formulated 
with QS21 provided the strongest TB activity four weeks following the 
last immunization. Furthermore, SMFA activity correlated strongly with 
the titer of antibodies recognizing sexual-stage parasites as measured in a 
gametocyte-extract ELISA. Vaccines combining GMZ2.6C with an adjuvant 
formulated with a synthetic TLR4 agonist show considerable promise, and 
scale-up manufacturing of the components is underway.

982
A FRAMEWORK FOR EVALUATING DIFFERENT MALARIA 
TRANSMISSION BLOCKING VACCINES

Anais Bompard1, Dari F. Da2, Sanna Rijpma3, Serge Yerbanga2, 
Thierry Lefevre4, Sumi Biswas5, Teun Bousema3, Anna Cohuet4, 
Thomas Churcher1

1Imperial College, London, United Kingdom, 2IRSS/IRD, Bobo-
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4MIVEGEC Université Montpellier, CNRS-Institut de Recherche pour le 
Developpement, Montpellier, France, 5The Jenner Institute, University of 
Oxford, Oxford, United Kingdom

Transmission blocking vaccines (TBVs) against malaria are intended 
to induce immunity against the stages of the parasites which infect 
mosquitoes. Used within a community they protect the immediate 
neighbourhood of vaccinated individuals and could be a key tool for 
malaria elimination. Various TBV candidates are currently under evaluation. 
Their efficacy at reducing the number of infectious mosquitoes is 
dependent both on the level of parasite exposure (measured as the mean 
oocyst number in the control group, which may vary widely between 
locations) and on antibody titre (which decays with time between 
vaccination campaigns). This makes it important to understand the shape 
of the 3D relationship between efficacy, exposure and titre for each 
TBV candidate in order to compare them and predict their long term 
effectiveness in the field using early clinical trial data. Here we present 
a new mathematical framework for understanding this 3D relationship 
which takes into account the high variability generated by the membrane 
feeding assay. A variety of different functional forms are fit to the direct 
and standard membrane feeding assay data simultaneously for each TBV 
candidate, in order to generate smooth curves that allow the different 
candidates (with different titres) to be directly compared. Efficacy estimates 
from 4 different monoclonal antibodies (Pfs230, Pfs25, Pfs 48/45.1 and 
Pfs 48/45.5) are generated that allow their respective strengths and 
weakness in different conditions of malaria exposure and antibody titre to 
be identified. For example results indicate that pfs230 causes transmission 
blockade at a lower IgG titre than pfs25 and is more sensitive to changes 
in parasite exposure. This framework procures a comprehensive, easily 
accessible method of evaluating TBV candidates and can be combined 
with Phase II clinical trial data to predict their public health benefit in 
different field settings.

983
TRANSMISSION BLOCKING ACTIVITY OF ANTIBODIES 
TO PLASMODIUM FALCIPARUM GLURP-PF10C CHIMERIC 
PROTEIN FORMULATED IN DIFFERENT ADJUVANTS 

Will Roeffen1, Michael Theisen2, Marga van de Vegte-Bolmer1, 
Theo Arens1, Gorm Anderson3, Michael Christiansen3, Sanjay 
Singh4, Rajesh Kumar Singh4, Robert Sauerwein1

1Radboud University Nijmegen Medical Center, Nijmegen, Netherlands, 
2Statens Serum Institut, Copenhagen, Denmark, 3University of 
Copenhagen, Copenhagen, Denmark, 4Gennova, Pune, India

Plasmodium falciparum (Pf) is transmitted to a human host by bites of 
infected Anopheles mosquitoes after completion of parasite reproduction 
and sporogony. Clinical development of vaccines against transmission 
stages is critical for effective control and eradication of malaria. We 
generated a chimeric protein composed of Pf-sub-unit fragments 
Glutamate-rich Protein (R0) fused in frame to a correctly folded fragment 
of Pfs48/45 (10C). R0-10C was expressed as a recombinant protein in 
Lactococcus lactis and purified by affinity-chromatography. The soluble 
protein generated strong transmission blocking antibodies in rodents as 
determined in the Standard Membrane Feeding Assay (SMFA). Potency 
of different adjuvant/R0.10C combinations was tested in mice and rats 
using Freund’s adjuvant, aluminium hydroxide (Alum), Alum with addition 
of GLA (TLR4-agonists), Stable Emulsion (SE)/GLA and AbISCO-100. 
All formulations produced high antibody titres recognizing the native 
Pfs48/45 protein in macrogametes/zygotes. Interestingly, Alum adjuvated 
combinations were the more potent inducers of transmission blocking 
antibodies. Moreover, SMFA activity correlated strongly with the titer of 
antibodies recognizing the native antigen as measured in a gametocyte-
extract ELISA. The combined data provide a strong basis for entering the 
next phase of clinical grade R0-10C production and testing.

984
SCREENING FOR HIGHLY IMMUNOGENIC REGION OF 
PYGM75, A NOVEL TRANSMISSION-BLOCKING VACCINE 
CANDIDATE

Mayumi Tachibana, Motomi Torii, Moe Sudo, Takafumi Tsuboi, 
Tomoko Ishino
Ehime University, Matsuyama, Japan

Malaria transmission-blocking vaccines (TBVs) are intended to induce 
antibodies that inhibit parasite mating or further development inside 
mosquito midgut. Thus, TBV-immunized individuals cannot transmit 
malaria to mosquito vector, which could be one of good strategies to 
eradicate malaria. The number of candidate antigens for TBV is limited, 
and up to now, one leading vaccine-candidate, Pfs25, expressing on the 
ookinete surface is under phase I clinical trial. Thus, we urgently need 
to discover more vaccine targets. Previously, we reported that a novel 
male specific protein named PyGM75, is localized to the surface of 
microgametes in Plasmodium yoelii and that anti-PyGM75 antibodies 
had strong transmission-blocking activity. Since genomic database 
demonstrates that orthologue genes for PyGM75 are existed in human 
malaria parasites, Plasmodium falciparum and P. vivax, this could be 
a promising candidate for TBV development. In this study, our aim is to 
determine which region of PyGM75 contains suitable epitopes for effective 
transmission-blocking antibodies. We produced 5 truncated PyGM75 
recombinant proteins, excluding transmembrane domain in C-terminal, 
using wheat-germ cell-free expression system, and designated them 
as regions I, II, III, IV and V. Region-specific antibodies were collected 
by affinity purification from anti PyGM75full rabbit serum. Then the 
transmission-blocking efficiency of purified region-specific antibodies was 
examined by the membrane-feeding assay. As a result, specific antibodies 
against region V significantly reduced the numbers of oocysts on the 
mosquito midgut as efficiently as PyGM75full antibodies. These data 
suggested that the major epitopes for transmission-blocking antibodies 



302

astmh.org

locate in region V, nearly C-terminal of PyGM75. This study might provide 
useful information for TMV development targeting to Pf or Pv orthologue 
of PyGM75.

985
ARE TWO MALARIA TRANSMISSION BLOCKING VACCINES 
BETTER THAN ONE? SAFETY AND IMMUNOGENICITY 
OF PFS25M- EPA/ALHYDROGEL® PLUS PFS230D1M- EPA/
ALHYDROGEL® IN MALARIA NAÏVE ADULTS 

Sara A. Healy1, Agnes Mwakingwe1, Charles Anderson1, Kelly 
Rausch1, David Narum1, David L. Jones1, Nicholas MacDonald1, 
Daming Zhu1, Sarah Brockley1, Joan Aebig1, Olga Muratova1, Jen 
CC Hume1, Sharon Wong-Madden1, Erin Gabriel2, Yimin Wu1, 
Patrick E. Duffy1
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Vaccinology, National Institute of Allergy and Infectious Diseases, Rockville, 
MD, United States, 2National Institutes of Health, Biostatistical Research 
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A vaccine to interrupt malaria transmission would be a valuable tool 
for local elimination or eradication of this disease. Pfs25 and Pfs230, 
surface antigens of zygotes and ookinetes in the mosquito stage of 
Plasmodium falciparum, are currently the lead candidates for a malaria 
transmission blocking vaccine. A phase 1 clinical trial to assess the safety 
and immunogenicity of Pfs25 has recently been completed in malaria naïve 
adults in the US and in malaria-exposed adults in Mali with promising 
results. Here, we hypothesized that a combination of Pfs25- and Pfs230-
based vaccines would enhance functional activity by targeting sequential 
phases of parasite development in the mosquito. A dose-escalating phase 
1 study has been initiated to determine safety and immunogenicity of 
these vaccines in US adults prior to testing in Malian adults. A total of 35 
subjects have been enrolled in the US to receive two doses of Pfs25M-EPA/
Alhydrogel®, two doses of Pfs230D1M-EPA/Alhydrogel®, or simultaneous 
administration of two doses of Pfs25M-EPA/Alhydrogel® and Pfs230D1M-
EPA/Alhydrogel® on Day 0 and on Day 28, escalating between groups. 
Enrollment within each group was staggered for additional safety, and 
subjects were enrolled into the simultaneous administration group once 
each individual dose had been administered and reviewed for safety. 
Vaccinations have been well tolerated with the majority of the reported 
AEs being mild (Grade 1) and the most commonly reported AE being 
local site injection pain. There have been few reported related Grade 
2 AEs (local site injection pain, fatigue, hemoglobin decreased) and a 
few reported mild (Grade 1) laboratory abnormalities. No Grade 3 AEs 
have been reported. Specific anti-Pfs25 and anti-Pfs230 antibodies and 
functional activity are scheduled to be completed in the upcoming months.

986
VIRUS LIKE PARTICLES CONTAINING PFS25

Darren Leneghan1, Iona Brian1, Lee Li1, Florian Brod1, Martin 
Bachmann1, Adrian Hill1, Simon Draper1, Kazutoyo Miura2, Carole 
Long2, Sumi Biswas1

1University of Oxford, Oxford, United Kingdom, 2National Institutes of 
Health, Rockville, MD, United States

Transmission-blocking malaria vaccines which target the sexual-stages 
of the malaria parasite in the mosquito midgut are widely considered to 
be an essential tool for malaria elimination. In order to achieve effective 
transmission-blocking activity high-titer functional antibodies are required 
against target antigens. We have fused Pfs25 and EGF2, the Pfs25 domain 
responsible for the majority of transmission blocking antibodies to three 
virus like particle (VLP) platforms. Genetic fusion to the Hepatitis B surface 
antigen (HbSAg) and the coat protein of bacteriophage AP205 as well as 
chemical conjugation to the coat protein of bacteriophage QBeta (Qβ) 
generated correctly-formed visible particles under electron microscopy 

(EM). Mice were immunized with a prime-boost vaccination regime 
using protein-in-adjuvant (Alhydrogel). The poster will present data on 
immunogenicity and transmission blocking activity.

987
COMPARATIVE ASSESSMENT OF VIRAL VECTORED AND 
PROTEIN-IN-ADJUVANT PLATFORMS FOR DELIVERY OF 
TRANSMISSION-BLOCKING VACCINE CANDIDATES AGAINST 
PLASMODIUM FALCIPARUM

Daria Nikolaeva1, Iona Brian2, Hugh T. Johnson2, Alex Fyfe2, 
Melissa C. Kapulu2, Rebecca Dabbs2, Darren Leneghan2, Adrian 
VS Hill2, Kazutoyo Miura3, Carole A. Long3, Simon J. Draper2, Sumi 
Biswas2

1University of Oxford and National Institute of Allergy and Infectious 
Diseases/National Institutes of Health, Rockville, MD, United States, 
2University of Oxford, Oxford, United Kingdom, 3National Institute of 
Allergy and Infectious Diseases/National Institutes of Health, Rockville, MD, 
United States

Plasmodium falciparum malaria transmits infection between the human 
host and mosquito vector via its sexual stages. This transition between 
drastically different host environments exerts a bottleneck effect, making 
these stages particularly alluring for transmission-blocking vaccine (TBV) 
interventions. Indeed, in a vaccination model, antibodies to sexual-stage 
antigens, ingested in the mosquito blood meal, can inhibit parasite growth 
in the insect mid-gut as judged by functional ex vivo experiments such 
as the standard membrane feeding assay (SMFA). Despite the availability 
of promising antigenic targets and multiple vaccine delivery strategies, 
pre-clinical development has lagged in rationally ranking these antigens 
and platforms in head-to-head comparisons. In this study, the current 
best-characterized panel of TBV candidates, Pfs230C, Pfs48/45, Pfs28 
and Pfs25, were delivered as vaccine antigens in both viral vectored and 
protein-in-adjuvant formulations to (1) rationally rank the candidates in 
both delivery platforms and (2) to compare vaccine strategies for each 
antigen. Recombinant chimpanzee adenovirus 63 (ChAd63) and modified 
vaccinia virus Ankara (MVA) were generated to express each of the above 
antigens. The same gene sequences were cloned into a customized 
plasmid for heterologous protein expression in transiently transfected 
HEK293 cells followed by affinity-tag purification. Groups of BALB/c mice 
were immunized in parallel with either a ChAd63-vectored prime followed 
by MVA-vectored boost or recombinant protein in AddavaxTM adjuvant 
to generate anti-sera for determining antibody immunogenicity. Purified 
whole IgG from both regimes exhibited a hierarchy of inhibitory activity by 
SMFA, with anti-Pfs230C and anti-Pfs25 antibodies giving between 99.8 
and 100% blockade in both the viral vectored and protein-in-adjuvant 
delivery platform. This study serves to inform future clinical development 
by providing the first head-to-head comparative analysis of current leading 
TBV candidate antigens using two different antigen delivery platforms in 
the same study.

988
IMMUNOGENICITY OF TWO CHIMERIC RECOMBINANT 
CIRCUMSPOROZOITE PROTEIN EXPRESSED IN PICHIA 
PASTORIS CANDIDATES FOR THE DEVELOPMENT OF A 
GLOBAL VACCINE AGAINST PLASMODIUM VIVAX

Tarsila Mendes Camargo1, Luciana Lima2, Karina Almeida 
Caramico1, Maurício Martins Rodrigues2, Irene da Silva Soares1

1University of Sao Paulo, Sao Paulo, Brazil, 2Federal University of Sao Paulo, 
Sao Paulo, Brazil

Recently a recombinant vaccine was developed against the deadly 
Plasmodium falciparum based on the Circumsporozoite protein (CSP). 
These optimistic results boosted effort for using the CSP to develop of a 
vaccine against P. vivax, the most widely distributed malaria worldwide. 
Toward that goal, we generated two chimeric recombinant proteins 
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based on the P. vivax CSP merging the three central repeat regions of the 
different allelic forms (VK210, VK247 and vivax-like). The full-length (FL) 
construct contains the fused repeat regions flanked by N- and C-terminal 
regions. The second construct contains the fused repeat regions and the 
C-terminal domain. Both proteins were expressed as a soluble form in 
the supernatant of cultures of the yeast Pichia pastoris. The recombinant 
proteins were purified by Ni-affinity and ion exchange chromatography, 
with high yield and purity confirmed by RP-HPLC. Groups of C57BL/6 mice 
were vaccinated with formulations containing each recombinant protein 
in the presence of the adjuvants Poly (I: C) or Montanide ISA-720. In all 
groups of vaccinated mice, high titers of IgG (>106 as measured by ELISA) 
against all the three allelic variants were observed after three doses. We 
concluded that both chimeric constructs are interesting candidates to 
develop a global vaccine formulation against malaria caused by P. vivax.

989
A WHOLE PARASITE VACCINE AGAINST MULTIPLE STAGES IN 
PLASMODIUM FALCIPARUM LIFE CYCLE FOR INTERRUPTING 
MALARIA TRANSMISSION FROM THE HUMAN HOST TO THE 
MOSQUITO VECTOR

Tao Li1, Sumana Chakravarty1, Minglin Li2, Abraham G. Eappen1, 
Asha Patil1, Yonas Abebe1, Yun Wu2, Adam Richman1, B. Kim Lee 
Sim2, Stephen L. Hoffman1, Peter F. Billingsley1

1Sanaria Inc, Rockville, MD, United States, 2Protein Potential LLC, Rockville, 
MD, United States

A vaccine that interrupts malaria transmission (VIMT) would be a valuable 
tool for malaria control and elimination. Sanaria is exploiting its capacity 
to manufacture Plasmodium falciparum (Pf) gametocytes under GMP 
conditions to develop a whole parasite (WP) vaccine against the sexual and 
mosquito stages (SMS) of Pf, to be used to induce antibodies that interdict 
parasite transmission from the human host to the mosquito vector. This 
PfSMS-WP-VIMT approach increases the diversity of antigens presented as 
compared to subunit vaccine approaches. This should improve the chance 
of protective coverage due to vaccine and reduce the likelihood of parasite 
evasion of the immune response and evolution of vaccine resistance. We 
have purified SMS from an in vitro cultured mixture of gametocytes, 
gametes, zygotes and ookinetes, and purified the parasites to significantly 
reduce the presence of human erythrocytes. Mice were immunized with 
this enriched-SMS preparation in GLA-LSQ adjuvant (Infectious Disease 
Research Institute, Seattle, GLA, QS21, liposomes), each receiving 5 × 106 
ookinetes per dose by IM injection on days 0, 14, 36 and 57. Anti-sera 
were collected 2 weeks after the last immunization. The pooled sera from 
the immunized mice completely (100%) inhibited transmission of parasites 
to mosquitoes by standard membrane feeding assay (SMFA). A PfSMS-WP-
VIMT will be an ideal complement to Sanaria PfSPZ Vaccine, which have 
shown complete protection against Pf in human volunteers at the pre-
erythrocytic stage of the life cycle.

990
MALARIA INFECTION AND GAMETOCYTE CARRIAGE RATE, 
ASSESSED IN A COHORT OF ADULTS DURING MALARIA 
TRANSMISSION BLOCKING ASSAY DEVELOPMENT IN 
BANCOUMANA, MALI

Issaka Sagara1, Mahamadoun H. Assadou1, Yimin Wu2, Merepen 
A. Guindo1, Mamady Kone1, Kourane Sissoko1, Moussa L. Diakite1, 
Sintry Sanogo1, M’Bouye Doucoure1, Sekouba Keita1, Ruth Ellis2, 
Sara A. Healy2, Patrick E. Duffy2, Ogobara Doumbo1

1Malaria Research and Training Center, Mali-NIAID ICER, USTTB, Bamako, 
Mali, 2National Institutes of Health, Laboratory of Malaria Immunology and 
Vaccinology, National Institute of Allergy and Infectious Diseases, Rockville, 
MD, United States

For malaria elimination/eradication, transmission blocking tools are key 
interventions to be integrated in existing control strategies. Epidemiological 

characterization of transmission reservoirs are being evaluated in targeted 
populations prior to the start of phase 1 or 2 transmission blocking vaccine 
clinical trials in order to support study designs and analysis plans. From 
2011 to 2014, we have followed a dynamic cohort of adults aged from 18 
to 50 years in Bancoumana, Mali, in order to improve assays that support 
trials of transmission blocking vaccines. After community permission, an 
individual informed consent was obtained for each volunteer. The study 
protocol and informed consent document were approved by both National 
Institute of Allergy and Infectious Diseases/NIH in USA and FMPOS IRB 
in Mali. The volunteers were screened monthly for malaria parasite and 
gametocyte carriage. Passive surveillance and care were also provided to 
volunteers in case of illness throughout the duration of the study. Malaria 
smears were stained using Giemsa and slides were read by two different 
readers to assess the presence of malaria parasites.Considering November, 
the month where parasite carriage peaks, the Plasmodium falciparum 
infection rates were: 22.58 (14/62), 25.79 (57/221), 32.94 (28/85), 
respectively in 2011, 2012 and 2014. Likewise, considering October, the 
month where the gametocyte carriage peaks, the gametocyte carriage 
rates were: 8.57 (6/70), 10.07 (30/298), 6.82 (6/88), respectively in 2011, 
2012 and 2014. There were no statistically significant differences seen, 
for the Plasmodium falciparum infection rates or for the gametocyte 
carriage rates, between the different years of the study during the peak 
months of carriage. Malaria infection and gametocyte carriage rates are 
sufficiently prevalent in the adult population at this study area to conduct 
trials that assess the activity of transmission blocking vaccines.

991
EVALUATION OF PROTEIN CONJUGATE NANOPARTICLES FOR 
MALARIA TRANSMISSION BLOCKING VACCINES

Puthupparampil V. Scaria1, Christopher Rowe1, Beth Chen1, 
David Jones1, David Narum1, Charles Anderson1, Dariyen Carter1, 
Lynn Lambert1, Elizabeth Fischer2, Emma Barnafo1, Andrew 
Orcutt1, Kelly Rausch1, Sarah Brockley1, Patrick Duffy1

1National Institute of Allergy and Infectious Diseases/National Institutes 
of Health, Rockville, MD, United States, 2National Institute of Allergy and 
Infectious Diseases/National Institutes of Health, Hamilton, MT, United 
States

Antigen delivery technologies play an important role in enhancing the 
immunogenicity of antigens and are critical in the development of effective 
vaccines. The Laboratory of Malaria Immunology and Vaccinology has 
pioneered the use of protein-protein conjugates for product development, 
and specifically shown that chemical conjugation of antigens to carrier 
proteins creates nanoparticles that enhance the antibody response 
and functional activity of serum after vaccination with the malaria 
transmission-blocking candidate antigen Pfs25. We sought to evaluate 
features of our conjugated nanoparticles that might further enhance 
immunogenicity. In comparative studies of different carriers, conjugation 
of Pfs25 to Tetanus Toxoid (TT) or CRM-197 induced similar Pfs25 antibody 
titers when compared to our standard conjugates of Pfs25 to ExoProtein 
A (EPA). We also explored nanoparticle size, as this may have an effect on 
the uptake of the antigen complex. Pfs25-EPA conjugates were subjected 
to fractionation by Size Exclusion Chromatography and different molecular 
weight fractions were collected and characterized by DLS and electron 
microscopy. Mice were immunized with fractions with an average diameter 
of 16, 37, 52 and 73 nm, to evaluate the anti-Pfs25 antibody titer. 
Immunizations were carried out both formulated on Alhydrogel (AH) and 
in saline alone. In the absence of AH, conjugates with 16 nm average size 
gave the highest level of antibody titer. This was not significantly higher 
than the others except 73 nm. Immunogenicity in other groups did not 
vary with size. In the presence of AH, average titers of various groups 
were similar, again with no significant difference between the groups, 
suggesting that adsorption to the large AH particles may nullify any effects 
based on the size of individual conjugates. In summary, the use of different 
established carrier proteins, or of nanoparticles of sizes above 16 nm, did 
not enhance the immunogenicity of our Pfs25-EPA conjugate vaccines.
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992
A NEW SET OF PLASMODIUM FALCIPARUM GAMETE-
SURFACE REACTIVE MONOCLONALS

Lacy M. Simons1, Beata Czesny1, Kathleen A. McGuire1, Benjamin 
A. Turturice1, Christopher M. Wiethoff1, Kazutoyo Miura2, Carole 
A. Long2, Kim C. Williamson1

1Loyola University Chicago, Chicago, IL, United States, 2National Institutes 
of Health, Bethesda, MD, United States

Monoclonal antibodies (mAb) are valuable tools to identify vaccine 
candidates as well as assess the structure and function of specific epitopes. 
These features of mAb have been key to monitoring the production of 
recombinant vaccine candidates, which can be challenging to generate 
with native structure using heterologous expression systems. Disulfide-rich, 
membrane-associated antigens, such as the malaria transmission-blocking 
vaccine candidates, are particularly difficult to produce. To increase the 
current library of monoclonal antibodies against transmission-blocking 
targets in Plasmodium falciparum, we generated a new panel of 
hybridomas that produce IgG molecules that recognize the surface of 
intact gametes. An efficient flow cytometry-based immunofluorescence 
assay (IFA) was developed to screen the 594 hybridomas generated 
from gamete-immunized mice. From this analysis, 59 hybridomas (10%) 
produced IgGs that recognized the gamete surface. The target antigens 
were further evaluated by immunoblot and immunoprecipitation. 
Supernatants from 39% of the 59 hybridomas recognized a protein 
corresponding in size to Pfs230, 7% recognized a ~48-45 kDa protein 
and 24% recognized a ~25 kDa protein. Forty six of the hybridoma 
supernatants with a range of IFA patterns and antigen reactivity profiles 
were tested for transmission-blocking activity in a SMFA and 8 have 
significant transmission-reducing activity (TRA) (p<0.05) at 375 μg/ml 
concentration. IgG from two of the supernatants with TRA recognized 
a 25 kDa protein and six recognized a protein corresponding in size to 
Pfs230. This work reconfirms the 3 established transmission-blocking 
vaccine candidates as immunodominant gamete surface antigens and 
provides an important toolset of mAb to evaluate the structure and role of 
specific epitopes. Moreover, the target antigens recognized by 30% of the 
gamete surface-reactive IgGs remain to be determined and should provide 
insight into the composition of the external surface of the gamete during 
fertilization and early zygote development in the mosquito midgut.

993
CHEMICAL PROBE PLATFORMS IDENTIFY TARGETABLE 
MOLECULES AND PATHWAYS THAT ARE INVOLVED IN 
PLASMODIUM GAMETOCYTE-TO-OOKINETE TRANSITION IN 
THE MOSQUITO

Rebecca Pastrana-Mena1, Derrick K. Mathias1, Jared Balaich1, 
Dingyin Tao1, Michael Delves2, Rebecca Yee1, Krithika Rajaram1, 
Bryan Jackson3, Jonas G. King1, Baldwyn Torto4, Beatrice Trucchi5, 
Woody Foster3, Luisella Verotta5, Rhoel R. Dinglasan1

1Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States, 2Imperial College of London, London, United Kingdom, 3Ohio State 
University, Columbus, OH, United States, 4ICIPE, Nairobi, Kenya, 5University 
of Milan, Milan, Italy

Malaria parasite transmission cycles require an obligatory developmental 
stage in the Anopheles mosquito vector. In the era of global malaria 
elimination and eradication, there is emergent emphasis on the 
development of interventions that break the transmission cycle. While 
there are several existing antimalarials that have been shown to be 
effective in blocking the parasite’s jump from humans to mosquitoes, 
to prevent parasite breakthrough resulting from overlapping resistance 
mechanisms, new pathways that can be targeted by small molecules 
(and eventually drugs) need to be identified. We used four natural 
product compounds, two usnic acid derivatives as well as parthenin and 
parthenolide as chemical probes to explore and identify drug-susceptible 

pathways during gametocyte-to-ookinete transition. We measured efficacy 
by a battery of quantitative, functional approaches including high-content 
fluorescence image capture, imaging flow cytometry and standard 
membrane feeding assay (SMFA). Two usnic acid (UA) derivatives, BT-122 
and BT-37 were extremely potent in blocking Plasmodium falciparum 
and P. berghei zygote-to-ookinete maturation in vivo and in vitro. 
We further modified BT-37 with a UV-crosslinking probe and identified 
its putative targets in zygotes by mass spectrometry. We also observed 
that parthenin appeared to be more effective in blocking gamete-to-
zygote formation than parthenolide; although the latter compound has 
a more promising pharmacological profile based on Phase I clinical trials. 
Importantly, we noted that exposure of day 15 stage V gametocytes 
to parthenin (1 µg/ml) for 24 hours, followed by drug wash out and 
incubation in parthenin-free culture medium for another 24 hours resulted 
in the complete blockade of mosquito infection as measured by SMFA. 
Chemical derivitizations of parthenin are being explored to develop a new 
crosslinking probe to permit subsequent identification of its candidate 
target molecules in Plasmodium stage V gametocytes. We envision that 
these studies will illuminate the potential mechanism of action that results 
in the inactivation of this important transmission stage.

994
CAN INSECTICIDE RESISTANCE HINDER COMMUNITY 
RETENTION AND UTILIZATION OF LONG LASTING 
INSECTICIDAL NETS?

Samson T. Awolola1, Adedapo Adeogun1, Adedayo Oduola1, 
Tolu Arowolo2, Omowumi Bakare2, Victoria Omoera2, Bridget 
Awolola3, Kazeem Adeneye1, Jide Idris2

1Nigerian Institute of Medical Research, Lagos, Nigeria, 2Lagos State 
Ministry of Health, Lagos, Nigeria, 3Golden Race International School, 
Lekki, Lagos, Nigeria

The use of long-lasting insecticidal nets (LLINs) remains the mainstay 
for malaria prevention. Although different human behaviors and 
misconceptions hamper the use of LLINs, the evolution of insecticide 
resistance is a major threat facing malaria control. Here we investigated 
LLINs retention, utilization perceived efficacy and bio-efficacy in areas with 
and without insecticide resistance. A cross-sectional survey was carried out 
by interviewing household heads in six villages selected based on a priori 
report on insecticide resistance in the major malaria vector: Anopheles 
gambiae s.s. Two villages without resistance were used as control group. 
Clusters of houses were selected within each village for selection of 
households. 50 households from each village that had received either 
permaNet 2.0 or olyset nets in 2013 were randomly chosen from each 
cluster. 50 used permaNet 2.0 and 50 used olyset nets were collected 
after 12 months field usage for bio-efficacy tests using standard WHO 
procedures. A total of 400 household heads were interviewed during 
the study. Although there was no significant difference in the side effect 
reported by both groups, the retention rate of LLINs after 12 month of 
nets distribution was 45% for Olyset and 52% for permanent 2.0, but 
> 85% in the control group. 20% Olyset nets and 25% permaNet 2.0 
were observed to be hanged inside houses when used as proxy indicator 
for usage in the resistant villages as against 75% in the control group. 
Bioassay mortality of field strain of Anopheles on LLINs from resistant 
villages was 22 -38% as against 98% in the control group. While 80-
90% respondents in villages without resistance perceived the use of 
LLIN beneficial, > 50% in the resistant villages found LLIN ineffective 
with a significant number preferring the use of aerosol. The respondents 
have little or no knowledge of insecticide resistance but the presence of 
resistance correlated to net usage in the villages. To maintain the highest 
level of net usage, resistance tests should be an integral component of 
LLINs campaign program.
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995
THE COMPLEMENTARY ADVANTAGE OF COMBINING 
SPATIAL REPELLENT TREATED SISAL DECORATIVE BASKETS 
WITH LONG-LASTING INSECTICIDE TREATED NETS

John M. Paliga, Marta F. Maia, Maggy Sikulu, Fredros O. Okumu, 
Sheila B. Ogoma
Ifakara Health Institute, Ifakara, United Republic of Tanzania

Spatial repellents (SRs) interfere with host attractiveness of mosquitoes 
consequently preventing bites and may substantially reduce malaria 
transmission. The goal of this study was to determine the advantage 
of combining Transfluthrin treated sisal fiber decorations with long 
lasting treated nets (LLINs). Efficacy of Transfluthrin treated sisal baskets 
against malaria vectors that bite in the early evening before humans are 
protected by LLINs was investigated in experimental huts. The proportion 
of mosquitoes in experimental huts with Transfluthrin treated sisal 
baskets and LLINs was compared to huts that had LLINs only using a 3 
x 3 Latin square design. Treatments included: 1) untreated sisal baskets 
and LLINs, 2) 2.5ml Transfluthrin treated sisal baskets and LLINs and 3) 
5.0ml Transfluthrin treated sisal baskets and LLINs. One male volunteer 
was allocated to each hut to conduct human landing catches at 1900hrs-
2300hrs and retired to bed until 0600 hours. Mosquitoes were collected 
from exit traps, the floor and resting surfaces inside huts. Results indicate 
that 2.5ml and 5.0ml Transfluthrin sisal baskets reduced the proportion 
of Anopheles arabiensis mosquitoes inside huts by almost three quarters 
(Relative Rate (RR): 0.26 [0.22, 0.29]; z = -19.00, p < 0.000 and RR: - 0.31 
[0.27, 0.36]; z = -16.97, p < 0.000) respectively. Both 2.5ml and 5.0ml 
Transfluthrin baskets treatments prevented more than three quarters of 
An. arabiensis mosquitoes from biting humans(RR: - 0.17 [0.11, 0.24]; z = 
-9.78, p < 0.000). This study shows that combining spatial repellents with 
LLINs inside huts significantly reduces house entry as well as biting rate of 
An. arabiensis. This is especially useful where residual malaria transmission 
occurs in the early evening before people go to bed and are under the 
protection of LLINs. Nevertheless, there is need to conduct further studies 
that determine the epidemiological impact of combining spatial repellents 
with LLINs.

996
WHAT IS THE CONTRIBUTION OF AESTIVATION TO THE 
PERSISTENCE OF ANOPHELES MOSQUITOES AS VECTORS 
FOR PLASMODIUM FALCIPARUM MALARIA?

Gesham Magombedze, Azra Ghani
Imperial College, London, United Kingdom

Plasmodium falciparum malaria, transmitted by the Anopheles 
mosquito, remains a leading cause of death in tropical regions of the 
world. Despite efforts to drive transmission down, rebound epidemics 
associated with the persistence of malaria vectors has remained a major 
impediment to local elimination. One critical area that remains poorly 
understood is how Anopheles populations survive long dry seasons 
to re-emerge following the onset of the rains. We developed a matrix 
population projection model of the mosquito lifecycle to explore the 
impact of different survival/persistence strategies on the dynamics of 
the mosquito population. Both longevity and hibernation (mosquito 
aestivation or adaptive plasticity) allow persistence of the mosquito 
population through the dry season and can reproduce patterns observed 
in field data from the Sahel region. We therefore conclude that both may 
be attributes for vector persistence. We use these results to demonstrate 
the importance of practical ecological methods to control vectors in both 
the dry and wet seasons if malaria transmission is to be interrupted.

997
CAREGIVER CHARACTERISTICS AND BED-NET USE AMONG 
UNDER-FIVE CHILDREN IN RURAL GHANA

Martha A. Abdulai1, Frank Baiden2, Lawrence Gyabaa Febir1, 
Seeba Amenga-Etego1, Emmanuel Mahama1, Seth Owusu-Agyei1
1Kintampo Health Research Centre, Kintampo, Bar, Ghana, 2Ensign College 
of Public Health, Kpong, Er, Ghana

In Ghana, malaria accounts for 44% of outpatient cases and 22% of 
mortality among children less than five years of age. Mass free distribution 
of insecticide-treated nets (ITNs) to caregivers with children less than 5 
yrs of age is one the interventions in the control of malaria in Ghana. An 
improved understanding of how caregiver characteristic influences ITN 
can inform the design of interventions to promote ITN use. Between April 
and July 2013, we conducted a survey among caregivers of children aged 
3-59 months who presented with fever to 18 primary care facilities in 
five districts in the Brong Ahafo Region of Ghana. Caregivers were asked 
if their children had slept under an ITN the previous night. The data was 
analyzed to explore how caregiver socio-demographic and socioeconomic 
factors influenced ITN use. A total of 4111 caregivers were interviewed. 
Most (95%) were females. Their average age was 29 years (SD=9). About 
37% had no formal education. Presenting children were more likely to 
have slept under an ITN if their caregivers were least poor (P-value<0.001), 
had more than one child (P=0.008) and had no formal education (P<0.01). 
Use was lower among children whose caregivers were between 13-22 
years (78.8 %,) compared to carers of 33-42 years (83.0%) (P=0.01). 
Where it becomes necessary, the characteristics of caregivers can be 
explored to improve the targeting of ITN distribution and likelihood that 
they will be used.

998
COMMUNITY KNOWLEDGE, VIEWS AND EXPERIENCES ON 
OUTDOOR MALARIA TRANSMISSION AND ITS CONTROL IN 
SOUTHERN TANZANIA

Irene R. Moshi
Ifakara Health Institute, Ifakara, United Republic of Tanzania

The massive applications of Indoor Residual Spraying and Insecticide 
Treated Nets in Africa have significantly contributed to the reduction of 
malaria transmission yet residual malaria transmission persists in many 
parts of Africa, partly driven by mosquitoes that bite people outdoors. It 
is essential to consider knowledge, perspectives and behavior of people in 
this transmission before embarking in introduction of outdoor intervention 
tools. We assessed views, knowledge and experiences of people in rural 
and peri-urban communities in southern Tanzania, regarding outdoor 
mosquito bites and malaria prevention. A qualitative cross sectional study 
was conducted in four villages within the Kilombero Valley in southern 
Tanzania, using semi-structured interviews and structured observation. 
A total of 40 participants were selected for interview and participant 
observations were also conducted in their households. The key areas of 
focus were; a) explore their knowledge, view and experience on malaria 
and outdoor malaria transmission b) whether malaria vectors also bite 
outdoors and whether transmission can also occur, c) means of protection 
from mosquito bites while they are outdoors performing their daily 
activities. Majority knew about malaria but little is known on outdoor 
malaria transmission. Although they regularly experienced outdoor 
mosquito bites, but most still believed that transmission occurs indoors 
from midnight. The increasing proportions of outdoor transmission pose 
risks to these communities and challenge to the control efforts. Malaria 
is a threat to people and still rated as one among the leading cause of 
illness. It is also still surprising to them that despite all the efforts and 
interventions in place, people still suffer from the disease. Majority of use 
bednets as indoor protection while using long sleeve cloths, smoke from 
burning leaves or cow dung and cloth to chase mosquitoes away while 
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outdoors during the evening. In conclusion, community education on 
outdoor malaria transmission is of vast importance before embarking into 
provision of outdoor interventions tools

999
ACCEPTABILITY AND PREFERENCE OF INSECTICIDE-TREATED 
CLOTHING FOR MALARIA PREVENTION AMONG RUBBER 
TAPPERS IN MYANMAR

Thae Maung Maung1, Alison F. Crawshaw2, Myat Phone Kyaw1, 
Myo Win Tin2, Nyan Sint3, Aung Ye Naung Win4, Olivier Celhay5, 
Sarala Nicholas6, Arantxa Roca-Feltrer7, Muhammad Shafique5, 
Jeffrey Hii5
1Department of Medical Research- Lower Yangon, Yangon, Myanmar, 
2Malaria Consortium, Yangon, Myanmar, 3Mon State Health Department, 
Mawlamyaing, Myanmar, 4Department of Medical Research-Lower 
Yangon, Yangon, Myanmar, 5Malaria Consortium, Bangkok, Thailand, 
6Malaria Consortium, London, United Kingdom, 7Malaria Consortium, 
Phnom Penh, Cambodia

Insecticide-treated clothing (ITC) is needed in situations where, for 
occupation or necessity, people (primarily mobile and migrant populations-
MMP) are beyond the reach of core vector control interventions. The 
success of ITC as a strategy against residual transmission of malaria 
hinges on acceptability and adherence, as there is limited information to 
inform policymakers regarding targeted distribution to MMPs. 234 male 
and female rubber tappers in 16 rubber plantation clusters were enrolled 
in a two-arm (ITC versus non-treated clothing-NTC) cluster-randomized 
non-inferiority crossover trial to investigate preference and acceptability 
of ITC in Mon State, Myanmar. Clusters were randomly allocated to 
the order of clothing distribution. Quantitative questionnaires and 32 
focus group discussions were conducted at baseline and three follow-up 
intervals. Preliminary findings up to the second follow-up (FU2) revealed 
high acceptability and adherence to ITC and NTC: in both arms, 94.3% 
(95% CI: 92.1-97.3*) of respondents at follow-up 1 (FU1) and 96.0% 
[94.0-98.6] at FU2 reported liking the clothing overall and more than 63% 
(range 63.0%-83.2%) reported wearing the clothing every night. One 
explained, “After wearing the [ITC], no other measures are needed. It is 
perfect.” 92.0% [85.4-95.7] of respondents at FU1 and 93.0% [86.3-96.6] 
at FU2 reported that ITC reduced mosquito bites, compared to 92.2% 
[85.8-95.8] of respondents at FU1 reporting that NTC reduced mosquito 
bites and 89.1% [81.5-93.8] at FU2. This unexpected equivalence between 
the two clothing types may be explained by low mosquito biting pressure 
during the dry season. The results suggest that ITC could be effective 
for outdoor malaria prevention among nighttime workers, however, a 
reassessment of acceptability of ITC versus NTC is needed during the rainy 
season when mosquito density is higher.*CIs not adjusted

1000
MORTALITY OF ANOPHELES GAMBIAE AFTER EXPOSURE TO 
SULFADOXINE AND PYRIMETHAMINE

Aly Kodio
Malaria Research and Training Center, USTTB, Bamako, Mali

Vector control tools are major component of malaria control/elimination 
programmes (LLINs, IRS). In recent years, pyrethroid resistance has 
emerged in many countries and previously endophilic mosquitoes are 
turning into biting outdoors. The development of new methods of vector 
control is critical for malaria elimination. We investigated the mortality 
of Anopheles gambiae fed on different concentrations of sulfadoxine 
(S) and pyrimethamine (P) corresponding to physiological concentrations 
of 3 days (S3 = 61 μg / mL blood, P3 = 154.7 ng / ml), 7 days (S7 = 33.8 
μ g / ml, P7 = 66.6 ng / ml) and 14 days (S14 = 14.2 μ g / ml, P14 = 
15.7 ng / ml) after an oral dose of sulfadoxine-pyrimethamine. Adults 
Anopheles gambiae (N = 1000 per dose) aged at least 5 days and fasted 
for 24 hours were membran-fed with two solutions, one containing the 
drug at the above concentrations and one without drug. The number of 

dead mosquitoes was counted 24 hours, 48 h, and 72 h after feeding. 
At H24 the mortality rates of Anopheles gambiae fed on S3, S7, and 
S14 compared to controls were 12% (n = 455) vs. 2% (n = 487), p 
<0.001; ; 2% (n = 477) vs. 5% (n = 474), p >0.05; ; 1% (n = 487) vs 
1% (n = 487), p >0.05. The mortality rates of mosquitoes fed on each of 
the pyrimethamine concentrations were similar to the mortality of those 
fed on controls. We show that Sulfadoxine kills An. gambiae at day 3 
physiological concentrations. The implications of these observations for 
vector control will be discussed.

1001
THE VITAL ROLE OF VOLUNTEERS IN CONTAINING 
ARTEMISININ RESISTANT MALARIA: LESSONS FROM 
WESTERN CAMBODIA

Soy Ty Kheang
University Research Co., LLC, Bethesda, MD, United States

Evidence of artemisinin-resistance in Western Cambodia has drawn 
national and international attention to contain and eliminate resistant 
parasites. Cambodian national strategic interventions have relied heavily 
on health facilities and village malaria workers (VMWs) for early diagnosis 
and prompt treatment. The Control and Prevention of Malaria Project 
(CAP-Malaria) conducted a study to assess the contribution of VMWs 
on case management, focusing on 104 VMWs from 52 villages under 6 
health facilities in Samlot District, Battambang Province. A retrospective 
analysis was done on data retrieved from 2009 to 2014 of malaria cases 
treated by health facilities and VMWs. The number of malaria cases during 
this time increased from 1,273 cases in 2009 to 2,127 in 2011 and has 
since declined to 977 in 2014. During that time, the proportion of malaria 
cases treated by VMWs increased from 37% in 2009 to 81% in 2014. The 
results clearly indicate that VMWs have made an enormous contribution 
to the detection and treatment of malaria in Western Cambodia where 
artemisinin resistance has been documented.

1002
HOW NET CARE AND REPAIR INFLUENCE NET DURABILITY IN 
SÈMÈ-KPODJI COMMUNE, SOUTHERN BENIN

Andre T. Houtoukpe1, PADNET TEAM, Luis Benavente2, Matt 
Worges2, Manzidatou Alao1, Liscovich Ademikpo1

1MCDI, Cotonou, Benin, 2MCDI, Silver Spring, MD, United States

In Benin, The Center for Entomologic Research of Cotonou (CREC) 
conducted studies on bed net durability that showed low net retention 
and integrity after 6 months of use in 4 communes randomly selected at 
national level with perennial (2communes) and seasonal (2communes) 
transmission. Some net manufacturers are improving fabric durability 
and others are increasing bio efficacy, but these strategies are more likely 
to succeed if communities become successfully engaged in net care and 
repair. The project to advance the durability of long-lasting insecticide 
treated bed nets (PADNET) is investigating community-based interventions 
that prolong the useful life of nets. PADNET used an experimental 
design with two intervention groups =cohorts: C1 -Behavior Change 
Communication (BCC) on net durability, C2 -BCC+ bed net repair kits, and 
C3 - a control group. The monitoring measured between a quite number, 
two main indicators of LLINs durability, the survivorship: Deltamethrin 
retention and physical integrity through proportional Holes Index pHI. 
Households received in Jan-Feb 2014 one of two different types of nets 
both deltamethrin treated and, labeled “A” and “B”. In November 2014, 
9 months after net distribution, we conducted a monitoring round By net 
type and cohort: Retention of nets “A”: C1=94%, C2=92%, C3=90%. 
Retention of nets “B”: C1=93%, C2=93%, C3=85%. Percentage of nets 
“A” without holes: C1=96%, C2=94%, C3=96%. Percentage of “B” nets 
without holes C1=91%, C2=95%, C3=97%. Average (Avg.) proportional 
hole index (pHI) for nets ”A”: C1=13.2, C2=25.4, C3=48.6. Avg. pHI for 
nets” B”: C1= 35.1 C2=11.3, C3=51.5. After 9 months of intervention, 
for nets used by children, pregnant women or the remaining household 
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members There were statistically significant differences between the “B” 
brand cohorts for retention (Χ ² =3.77 p= 0.004) and also in net holes 
found (X2 = 8.9 p= 0.012).

1003
USE OF A TABLET-BASED CAMPAIGN INFORMATION 
MANAGEMENT SYSTEM TO PLAN, MANAGE AND MONITOR 
LLIN DISTRIBUTION ON BIOKO ISLAND THROUGH MASS 
TOP-UP CAMPAIGN

Guillermo Garcia1, Thomas Stabler1, Jose Osa Osa Nfumu1, 
Telesforo Eyegue Abuy1, Restituto Mangue Avue1, Jeremias 
Nzamio Mba Eyono1, Teobaldo Babo1, Marcos Mbulito Ivanga1, 
Lucas Ondo Nze Nchama1, Rosa Patricia Richard Ateme1, Bruce 
MacLeod2, Andrew Taylor2, Benjamin Heasly2, Nathan Lienhardt2, 
Dianna B. Hergott3, Luis Segura1, Christopher Schwabe3

1Medical Care Development International, Malabo, Equatorial Guinea, 
2University of Southern Maine, Portland, ME, United States, 3Medical Care 
Development International, Silver Spring, MD, United States

Between December 2014 and June 2015, the Bioko Island Malaria Control 
Project (BIMCP) set out to distribute 150,000 LLINs to 220,000 people 
through a door-to-door mass top-up campaign. In order to efficiently 
plan, implement, and monitor the distribution, the BIMCP used a tablet-
based Campaign Information Management System (CIMS) that contains 
a georeferenced listing and mapping of all households by community 
and an ODK-based form to record within each household the number 
of sleeping areas, the supply of existing LLINs, and the number of new 
LLINs provided (based on the top-up quantity calculated by the CIMS to 
ensure 1 LLIN per sleeping area). At the end of each distribution day, data 
collected by all field workers was synchronized to a main server, and then 
analyzed to track the quantity of LLINs distributed, determine community 
coverage, assess daily distributor productivity, and map the exact location 
of houses that had not yet received nets. Through the use of the CIMS, 
field teams were able to quickly locate houses that needed nets, achieve 
very high supply coverage, improve distribution efficiency particularly 
during mop-up days when targeting houses that had not yet received nets, 
and track in real time the cumulative coverage achieved. In addition, use 
of the CIMS reduced the cost and burden of paper-based data collection 
and processing, improved turnaround time for analysis and reporting, 
and improved the quality of data through incorporation of validation 
rules and data input constraints. Between December 2014 and March 
2015, 87,633 nets had been distributed to 35,017 households. Complete 
coverage and distributor prodcutivity data will be presented, as well as an 
analysis of impact of the CIMS on distribution. It is anticipated that the 
CIMS will be used to plan, manage and monitor keep-up efforts planned 
through antenatal clinics, child immunization clinics and through annual 
distributions to all primary school attenders.

1004
ANTIBIOTIC RESISTANCE PATTERNS AND Β-LACTAMASE 
IDENTIFICATION IN E. COLI ISOLATED FROM YOUNG 
CHILDREN IN RURAL LIMPOPO, SOUTH AFRICA: THE MAL-ED 
COHORT

Alicia DeFrancesco1, Nicoline Tanih2, Amidou Samie2, Richard 
Guerrant3, Pascal Bessong2

1Harvard University, Cambridge, MA, United States, 2University of Venda, 
Thohoyandou, South Africa, 3University of Virginia, Charlottesville, VA, 
United States

Antibiotic resistance is a growing problem worldwide. Mechanisms of 
resistance vary, and can confer resistance to multiple classes of antibiotics. 
In this study, we sought to characterize the antibiotic resistance profiles 
of E. coli isolates obtained from stool samples. These samples were 
collected from children between the ages of 4 to 12 months who were 
participants in the MAL-ED study at the South Africa research site. We 

isolated 87 E.coli samples (clones) from 65 individual participants, all of 
which were subjected to the disk diffusion assay to determine resistance. 
We characterized the minimum inhibitory concentration of antibiotics 
in a subset of strains as well as the mechanism by which these strains 
were resistant to β-lactam antibiotics. Our results revealed high resistance 
rates to co-trimoxazole (54.02%), penicillin (47.13%), and tetracycline 
(44.83%) in our isolates, and indicated that the β-lactamase TEM-1 is a 
prevalent source of β-lactam resistance. We also identified two isolates 
with the extended-spectrum β-lactamase CTX-M-14.

1005
ENTEROAGGREGATIVE E. COLI (EAEC) IN PATIENTS WITH 
TRAVELERS’ DIARRHEA, COMMUNITY ACQUIRED DIARRHEA 
AND NON-DIARRHEAL GASTROINTESTINAL ILLNESS

Bradley A. Connor1, Susan Lucak1, Maryna Rogova2, Olga Whyte2

1Weill Cornell Medical College, New York, NY, United States, 2New York 
Center for Travel and Tropical Medicine, New York, NY, United States

Enteroaggregative E. coli (EAEC) is a diarrheal pathogen epidemiologically 
linked to residence in a developing country or international travel. 
The finding of EAEC in travelers unassociated with diarrhea has been 
documented and certain genetic markers seem to predict risk for 
developing diarrheal disease. As most U.S. clinical laboratories have 
historically not tested for this microbial pathogen, local epidemiology 
is largely unknown. With the advent of culture independent diagnostic 
techniques such as high throughput multiplex DNA extraction PCR 
technology, we have been able to identify a broad array of enteric 
pathogens in patients with travelers’ diarrhea, community-acquired 
diarrhea, as well as in patients in whom stool aspirates were obtained at 
the time of colonoscopy for screening or for non-diarrheal gastrointestinal 
complaints. Stool specimens obtained between May 2014 and March 
2015 were analyzed with the BioFire FilmArray multiplex platform. Of 394 
stool specimens, 40 (10%) tested positive for EAEC making it the most 
common microbial finding of the 22 pathogens tested for with this assay. 
Of the 40 positive specimens, 20 (50%) were from patients who traveled, 
17 (42.5%) were from patients who acquired EAEC in the community, 
and 3 (7.5%) were obtained from patients at the time of colonoscopy. 
Of the 40 specimens which tested positive for EAEC, 19 (47.5%) were 
positive for co-infecting pathogens. Enteropathogenic E. coli (EPEC) was 
the most common co-infecting pathogen and was detected in 14 (35%) 
of specimens positive for EAEC. Using culture independent diagnostic 
techniques we have found EAEC to be more common than previously 
recognized, especially in community acquired diarrhea and in patients in 
the community without diarrhea. Further studies and characterization of 
clinical symptoms related to EAEC are needed to more fully understand 
this pathogen.
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1006
EVIDENCE THAT CHILDHOOD UNDERNUTRITION IS 
CAUSALLY RELATED TO IMPAIRED DEVELOPMENT OF THE 
GUT MICROBIOTA

Laura V. Blanton1, Mark Charbonneau1, Sathish Subramanian1, 
Michael Barratt1, Olga Ilkayeva2, James Bain2, Michael 
Muehlbauer2, Christopher B. Newgard2, Indi Trehan3, Mark 
Manary3, Kathryn Dewey4, Ken Maleta5, Per Ashorn6, Jeffrey I. 
Gordon1

1Center for Genome Sciences and Systems Biology, and Center for Gut 
Microbiome and Nutrition Research, Washington University School of 
Medicine, St. Louis, MO, United States, 2Sarah W. Stedman Nutrition and 
Metabolism Center and Duke Molecular Physiology Institute, Department 
of Pharmacology and Cancer Biology, Duke University Medical Center, 
Durham, NC, United States, 3Department of Pediatrics, Washington 
University School of Medicine, St. Louis, MO, United States, 4Department 
of Nutrition, and Program in International and Community Nutrition, 
University of California, Davis, Davis, CA, United States, 5College of 
Medicine, University of Malawi, Blantyre, Malawi, 6Department for 
International Health, University of Tampere School of Medicine, Tampere, 
Finland

We have tested the hypothesis that perturbations in postnatal 
development of the gut microbiota are causally related to childhood 
undernutrition. Applying machine-learning methods (Random-Forests) to 
fecal bacterial 16S rRNA datasets generated from samples collected during 
the first three postnatal years from healthy Malawian twins, we identified 
age-discriminatory bacterial strains. The relative abundances of these 
strains were used as microbial signatures to define microbiota maturity 
in Malawian infants/children with varying degrees of undernutrition 
compared to healthy controls of the same chronological age. Infants/
children with undernutrition have immature microbiota. Transplantation of 
19 fecal microbiota samples from donors with healthy growth phenotypes 
and with varying degrees of undernutrition (defined by anthropometry) 
into young germ-free mice consuming a Malawian diet, and 16S rRNA 
analysis of recipient animals’ fecal microbiota as a function of body 
mass gain revealed that the age-indicative taxa are growth indicative. 
Co-housing young coprophagic mice shortly after receiving microbiota 
from healthy versus undernourished infants demonstrated invasion of 
age/growth indicative taxa from the former into the latter’s microbiota, 
prevention of growth faltering, and altered host metabolic phenotypes. 
We have established that impaired development of the gut microbiota 
is a factor in the pathogenesis of childhood undernutrition and that the 
developing microbiota is a target for disease treatment and prevention.

1007
WHAT DOES CLIMATE CHANGE MEAN FOR DIARRHEAL 
DISEASES?

Antarpreet Jutla1, Rita Colwell2
1West Virginia University, Morgantown, WV, United States, 2University of 
Maryland, College Park, MD, United States

Environmental association of diarrheal diseases is well documented and 
inspite that diseases such as cholera, Shigella, rotavirus etc continue 
to be a global public health threat. The uncertainty in environmental 
processes affecting diarrheal diseases can significantly be affected by 
changing climate at different temporal and spatial scales-either through 
amplification of hydroclimatic cycle or by enhanced variability of large scale 
geophysical processes. Using cholera as key signature diarrhea diseases, 
the goal of this study was to understand intricacies on conditions that may 
impact outbreak of cholera across tropical regions. Our previous research 
categorized cholera into two forms: epidemic (sudden and unexpected) 
and endemic (persistent over time). Endemic cholera in Bengal Delta 
region of South Asia, as an example, has a unique pattern of two seasonal 
peaks and are associated with asymmetric and episodic variability in river 
discharge. The first cholera outbreak in spring is related with intrusion 

of bacteria laden coastal seawater during low discharge seasons while 
cholera occurring in fall season is hypothesized to be associated with 
high river discharge that aids in cross-contamination of water resources, 
thus leading to second wave of disease, primary in the inland regions. On 
the other hand, epidemic cholera in several inland regions of Africa were 
strongly associated with anomalous conditions of temperature followed by 
precipitation. Using simulations from three global climate models (GCM) 
and combination of data mining technique that includes support vector 
regression, we will show that endemic cholera is expected to increase in 
the deltaic coastal regions. Several parts of Africa are prone to sudden and 
unexpected cholera outbreaks in the next 50 years.

1008
ASSOCIATION OF ENTERIC PATHOGENS WITH POOR 
GROWTH IN CHILDREN IN A RURAL DISTRICT OF PAKISTAN

Najeeha Talat Iqbal1, Furqan Kabir1, Tauseef Akhund1, Shahida 
Mumtaz Qureshi1, Jie Liu2, Jennie Ma2, Kamran Sadiq1, Molly 
Hughes2, Syed Asad Ali1
1Department of Paediatrics and Child Health, Aga Khan University, Karachi, 
Pakistan, 2Division of Infectious Diseases, University of Virginia School of 
Medicine, Charlottesville, VA, United States

Malnutrition in early childhood has adverse effects on long term physical 
and cognitive growth of individuals. Environmental Enteropathy (EE), 
characterized by villous blunting, improper permeability and lymphocytic 
infiltration of small intestinal mucosa, is considered to be an important 
factor in the development of malnutrition. Major determinants leading to 
EE include poor diet, hygiene and frequent enteric infections. However, 
little is known about the contribution of individual enteric pathogens (both 
symptomatic and asymptomatic) towards the development of EE and the 
resulting long term growth compromise. A total of 328 children were 
enrolled in a prospective study in a rural district of Sindh, Pakistan to test 
novel biomarkers of EE. Stools specimen from the enrolled children were 
collected at 6 and 9 months of age, and were tested for enteric pathogens 
using high throughput TACMann Low Density Array (TLDA). Logistic 
regression was carried out to determine association of stool pathogens 
at 6 and 9 months of age with malnutrition and growth faltering at 12 
and 18 month of age. We found that the presence of Campylobacter 
[1.95(1.10-3.47);p=0.02], ETEC [2.33 (1.22-4.44); p=0.01] and Giardia 
[1.93 (1.12-3.32); p=0.02] at 6 month stool samples was associated 
with higher odds of stunting at 12 month. Whereas presence of 
Campylobacter [1.79 (0.92-3.48);p=0.09] and Sapovirus [2.04 (0.89-
4.70);p=0.09] at 9 month stool sample were associated with stunting 
(HAZ <-2.0) at 18 month. However, infection with Cryptosporidium [0.36 
(0.18-0.71);p=0.003], Shigella [0.43 (0.19-0.99); p=0.05] and Adenovirus 
[0.27 (0.08-0.89);p=0.03] were associated with lower risk of stunting at 
18 and 12 month respectively. Our data suggests that certain pathogens 
like Campylobacter, Giardia and ETEC may play a disproportionately 
important role in causing malnutrition. This finding needs to be confirmed 
by other studies of similar design.

1009
VIRULENCE GENES OF ENTEROAGGREGATIVE ESCHERICHIA 
COLI (EAEC) AND THEIR ASSOCIATION WITH DIARRHEA IN 
CHILDREN

David Durand1, Carmen A. Contreras2, Susan Mosquito1, 
Joaquim Ruíz3, Thomas G. Cleary4, Theresa J. Ochoa1

1Universidad Peruana Cayetano Heredia, Lima, Peru, 2Universidad Nacional 
Autónoma de México, Mexico City, Mexico, 3ISGlobal, Barcelona Ctr. Int. 
Health Res., Hospital Clínic - Universitat de Barcelona, Barcelona, Spain, 
4University of Texas School of Public Health, Houston, TX, United States

Enteroaggregative Escherichia coli (EAEC) are a group of enteric 
pathogens that causes acute and persistent diarrhea among children, 
human HIV-infected patients, and travelers to developing countries. 
EAEC pathogenesis involves adherence to intestinal mucosa, elaboration 
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of enterotoxins and cytotoxins, and induction of mucosal inflammation 
involving several virulence genes. However, the pathophysiology of EAEC 
infection is not completely understood. In this study we analyzed 18 
virulence genes associated with aggregative adherence, biofilm, dispersin, 
and toxins in 172 well characterized EAEC strains (aggR+) isolated from 
stool samples of 97 children with diarrhea and 75 healthy controls, from 
a passive diarrhea surveillance study in peri-urban communities in Lima, 
Peru. 81 different genetic profiles were identified; 56 profiles among 
diarrhea samples and 44 among control samples. The most frequent was 
aggC+aatA+aap+shf+fyuA+, present in 19% of all strains. Of all genes 
evaluated, the most frequent were aatA (CVD 342) present in 159 strains 
(92%), followed by fyuA in 157 (91%) and aap in 149 (87%). When 
co-infection cases were not considered and EAEC strains were analyzed 
as a single pathogen, only pic was found more frequently in diarrhea 
than in control samples (64% vs. 44%, p<0.05), and was associated 
with prolonged diarrhea (≥ 7 days) (83% vs. 50%, p<0.05). In summary, 
EAEC strains isolated from children living in endemic countries are highly 
heterogeneous. Further studies are needed to elucidate the exact role of 
each virulence factor and its association with diarrheal episodes.

1010
IMPACT OF SOCIOECONOMIC STATUS ON ANTIMICROBIAL 
RESISTANCE PATTERNS OF ENTERIC PATHOGENS ISOLATED 
FROM BANGLADESHI CHILDREN WITH DIARRHEA

Randon J. Gruninger1, Margaret Carlson1, M.A. Malek2, Eric J. 
Nelson3, Emily Sydnor Spivak1, A.S.G. Faruque2, Daniel T. Leung1

1Division of Infectious Diseases, University of Utah, Salt Lake City, UT, 
United States, 2Centre for Nutrition and Food Security, International 
Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh, 
3Department of Pediatrics, Stanford University, Palo Alto, CA, United States

Antimicrobial resistance is a global problem affecting countries of 
all income levels. Knowledge of how socioeconomic status affects 
antimicrobial resistance patterns could critically inform interventions 
targeting this problem in low-income countries. The objective of this study 
is to determine differences in antimicrobial resistance patterns of enteric 
pathogens between high- and low-income patients presenting for care 
at a diarrheal hospital. We used data collected from 2009 to 2012 by 
the diarrheal disease surveillance system at the icddr,b Dhaka Hospital to 
examine the relationship between socioeconomic status and antimicrobial 
resistance patterns of enteric pathogens. We identified children ≤5 years of 
age who presented with diarrhea and had Shigella spp. (Shig, n=163) or 
Salmonella spp. (Salm, n=43) isolated from stool culture. We found that 
47% (76/163) of Shig isolates were resistant or had reduced susceptibility 
(R/RS) to ciprofloxacin, and 33% (14/43) of Salm isolates had R/RS to 
ciprofloxacin. We calculated family income as the combined reported 
income of the patient’s father and mother. We found that children from 
families in the top income quartile were more likely to have Shig R/RS 
(27/41 61%) than those who came from families in the bottom income 
quartile (14/43, 31%, P = 0.002). In the smaller group with Salm infection, 
we also found that those in the top income quartile had higher rates of R/
RS (6/12, 50%), compared with those in bottom quartile (5/17, 29%, P 
= 0.26), but the difference was not statistically significant. We also found 
that patients who lived in homes with brick walls were more likely to have 
Salm with R/RS (12/25, 48%) than those living in corrugated tin walls 
(1/14, 7%, P = 0.009). In this preliminary analysis, we show that children 
from wealthier families have an increased risk of antimicrobial resistant 
enteric bacteria. We plan to complete a multivariable regression model 
analysis to include factors such as presence of domestic animals, education 
level, and household property ownership, and anticipate that results will 
be available at time of presentation.

1011
ARCOBACTER SPP. VIABILITY IN STOOL SAMPLES OF 
HUMANS AND ANIMALS (PIGS AND CATTLE)

Rito Zerpa1, Jorge O. Alarcon1, Percy Lezama2, Cesar Condori3, 
Lilian Patiño4, Edwin Correa5

1Instituto de Medicina Tropical “DA Carrion”, UNMSM, Lima, Peru, 
2Frigorífico La Colonial SAC, Lima, Peru, 3Frigorífico Yerbateros, Lima, Peru, 
4Instituto Nacional de Salud del Niño, Lima, Peru, 5Universidad Peruana 
Cayetano Heredia, Lima, Peru

Arcobacter spp. is currently considered emerging zoonotic pathogen. 
Not found reports about its viability in fecal samples of humans and 
animals such as cattle and pigs. In this study we report the feasibility of 
Arcobacter spp. mixed in fecal samples with physiological serum (FS) in 
sealed plastic vials at room temperature for a period of one year. We study 
100 samples positive for Arcobacter spp., 4 human fecal samples and 
96 fecal samples from animals obtained from colon freshly slaughtered 
cattle, 48 pigs and 48 cattle. Samples were mixed with FS in plastic vials 
with screw cap and seal. Monthly plantings are made for the isolation of 
Arcobacter with filter method on Columbia blood agar plates, incubated 
in microaerophilic with the method of the Klebsiella, the plates were 
sealed with rubber bands without talc obtained from latex gloves, 
Incubated at 28 ° C for 24 to 48 hours and phenotypically identified 
only. During the first 10 months the feasibility of Arcobacter spp. was 
shown in 100% of samples; at 11 and 12 months was found feasible 
the organism in 95% of samples. Therefore, Arcobacter spp. viability 
remained one year between 95% to 100% in fecal samples mixed with FS.

1012
THE ROLE OF VIRULENCE-RELATED GENES IN THE 
PATHOGENESIS OF MALNUTRITION ASSOCIATED WITH 
ENTEROAGGREGATIVE ESCHERICHIA COLI INFECTION: THE 
MAL-ED CASE-CONTROL STUDY SITE IN FORTALEZA, CEARA, 
BRAZIL

Ila F. Lima1, Alexandre Havt1, Marjorie M. Guedes1, Marco A. 
Clementino1, Pedro H. Medeiros1, Álvaro M. Leite1, Alessandra F. 
Moura1, Noélia L. Lima1, Richard L. Guerrant2, Aldo A. Lima1

1Federal University of Ceara, Fortaleza, Brazil, 2University of Virginia, 
Charlottesville, VA, United States

Enteroaggregative Escherichia coli (EAEC) infection is associated with 
intestinal inflammation and it leads to childhood malnutrition and growth 
impairment. This case-control study investigated the association of EAEC 
virulence-related genes (VRGs), isolated or combined, with malnutrition 
in Brazilian children. A total of 125 children positive for EAEC, 66 
malnourished (WAZ<-2) and 59 nourished (WAZ>-1), had their stool 
samples analyzed by five multiplex-PCRs targeting 20 DNA sequences 
encoding VRGs. The EAEC HilA homolog (eilA) was the most frequently 
detected (78%, 98/125). The presence of AAF/II fimbria assembly unit 
gene (aafC) was associated with malnutrition among the tested samples 
(P=0.01, OR=6.33, 95%CI=1.35-29.63). This association was stronger 
in the absence of agg4A gene (P=0.005, OR=11.60, 95%CI=1.45-
92.91). The isolated absence of aafC was significantly correlated with 
nourished children carrying EAEC, as well as in combination with two 
sets of genes: 1) Presence of enteroaggregative immunoglobulin repeat 
protein (air, P=0.04, OR=0.45, 95%CI=0.22-0.94); and 2) Absence of 
air, agg3A, sigA (Shigella IgA-like protease homolog), aafA and shiA 
(shiA-like inflammation suppressor) (P=0.02, OR=0.20, 95%CI=0.05-
0.79). The presence of sigA in the absence of aafC, air, agg3A, and aafA 
was sufficient to associate this combination of genes with malnourished 
group (P=0.001, OR=10.36, 95%CI=1.28-83.63). These results are 
consistent with the heterogeneity of VRG profiles of EAEC in malnourished 
versus nourished children. The data also showed that aafC, alone or in 
combination with other VRGs, were associated with malnourished children 
and their absence were protective in nourished children.
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1013
MULTI-SITE SURVEY OF DIARRHEAGENIC PATHOGENS 
WITHIN THE WHO GLOBAL ROTAVIRUS SURVEILLANCE 
NETWORK USING TAQMAN ARRAY CARDS

Darwin J. Operario1, Jie Liu1, Ira Praharaj2, Daniel Cowley3, 
Sandrama Nadan4, Irene T. Araujo5, James Platts-Mills1, Gagandeep 
Kang2, Carl D. Kirkwood3, Nicola Page4, Mapaseka Seheri6, Jeffrey 
Mphahlele6, Jose Paulo G. Leite5, Pushpa Ranjan Wijesinghe7, Varja 
Grabovac8, Jason Mwenda9, Gloria Rey10, Fatima Serhan11, Jon 
Gentsch12, Eric R. Houpt1

1University of Virginia, Charlottesville, VA, United States, 2Christian Medical 
College, Vellore, India, 3Murdoch Childrens Research Institute, Melbourne, 
Australia, 4National Institute for Communicable Diseases, Johannesburg, 
South Africa, 5Oswaldo Cruz Institute, Rio de Janeiro, Brazil, 6South 
African Medical Research Council/Diarrhoeal Pathogens Research Unit, 
Faculty of Health Sciences, Sefako Makgatho Health Sciences University, 
Medunsa, Pretoria, South Africa, 7World Health Organization Regional 
Office for Southeast Asia, New Delhi, India, 8World Health Organization 
Regional Office for the Western Pacific, Manila, Philippines, 9World Health 
Organization Regional Office for Africa, Brazzaville, Democratic Republic 
of the Congo, 10World Health Organization Regional Office for the 
Americas, Washington, DC, United States, 11World Health Organization, 
Geneva, Switzerland, 12Centers for Disease Control and Prevention, 
Atlanta, GA, United States

We have previously developed a customized TaqMan Array Card (TAC) 
that enables sensitive and quantitative detection of a wide range of 
enteropathogens. The card was customized to test for 36 pathogens and 
controls using 57 molecular targets, including 8 G (VP7 gene) and 6 P (VP4 
gene) targets for genotyping rotavirus A (RVA). In this work we deployed 
the technology to 4 WHO Global Rotavirus Network Laboratories and 
tested stool samples from RVA EIA- positive (n=396) and RVA EIA-negative 
(n=681) diarrheal cases collected from 11 countries. Using quantitative 
cutoffs for diarrhea association that we have determined previously, five 
countries showed rates of Norovirus GII of at least 15% with Ct values 
indicating that it was a probable cause of diarrhea. Three of five African 
countries showed rates of Cryptosporidium of at least 12% with Ct 
values indicating a probable cause of disease. Country-specific results 
included: Myanmar (n=121) revealed high rates of adenovirus 40/41 
(45%) and norovirus (21%, both GI and GII); from Melbourne (n=185), 
the RVA negative specimens (n=108)revealed >5% rates of adenovirus, B. 
fragilis, C. difficile, norovirus, and sapovirus; from Brazil (n=303), >10% 
rates of adenovirus, enteroaggregative E. coli, enterovirus, and Giardia. 
The RVA typing results from the card matched the networks’ standard 
testing results in most cases, however the sensitivity of the TAC assay was 
lower than the networks’ nested PCR/electrophoresis assay. Additional 
optimization may be necessary before these card-based genotyping assays 
are deployed in surveillance activities. Operationally we learned that best 
results required well-maintained specimens, and correlations with RVA 
enzyme immunoassay and genotyping were better when specimens were 
retested prior to the use of the card versus archived results. In summary, 
this technology can be deployed to yield information on a range of 
diarrheagenic pathogens and allow geographic comparisons throughout 
the world.

1014
IMMUNIZATION WITH SALMONELLA ENTERICA SEROVAR 
TYPHI TY21A STABLY PRODUCING ANTHRAX PROTECTIVE 
ANTIGEN PROTECTS MICE AND RABBITS FROM 
INHALATIONAL ANTHRAX-- A BIVALENT, ORAL ANTHRAX-
TYPHOID VACCINE

B. Kim Lee Sim1, Minglin Li1, Manuel Osorio2, Yun Wu1, Tint Tint 
Wai1, Johnny W. Peterson3, Eric R. James4, Sumana Chakravarty4, 
Lixin Gao1, Ray Xu1, Natasha KC1, Richard E. Stafford1, William S. 
Lawrence3, Linsey A. Yeager3, Satheesh K. Sivasubramani3, Ashok 
K. Chopra3, Svetlana Filippova2, Stephen L. Hoffman4, Dennis J. 
Kopecko1

1Protein Potential, Rockville, MD, United States, 2Food and Drug 
Administration-CBER, White Oak, MD, United States, 3Department of 
Microbiology and Immunology, Galveston National Laboratory, and Center 
for Biodefense and Emerging Infectious Diseases, University of Texas 
Medical Branch, Galveston, TX, United States, 4Sanaria Inc, Rockville, MD, 
United States

We are developing an anthrax vaccine intended to be distributed for 
public use without refrigeration, self-administered orally, durably protective 
following a one-week immunization regimen, safe, and well tolerated. We 
integrated a codon-optimized, protective antigen (PA) gene of Bacillus 
anthracis (plus extracellular secretion machinery) into the chromosome 
of the licensed, oral, live-attenuated typhoid fever vaccine Ty21a to form 
Ty21a-PA-01 and demonstrated excellent expression of PA. We produced 
the vaccine in a 10 L fermenter; foam-dried, vialed and characterized the 
dried product, which retained ~50% viability for 20 months at ambient 
temperature. Sera from immunized animals had high levels of anti-PA 
antibodies and anthrax lethal toxin-neutralizing activity. Immunized mice 
were fully protected against intranasal challenge with ~5 LD50s of Sterne 
spores, and immunized rabbits were protected against aerosol challenge 
with 200 LD50s of B. anthracis Ames spores with significant correlation 
between protection and threshold antibody titers by both in vitro assays.

1015
STAPHYLOCOCCUS AUREUS IN BOTSWANA: PREVALENCE, 
RISK FACTORS, ANTIBIOTIC RESISTANCE, AND MOLECULAR 
EPIDEMIOLOGY

Rebecca Susann Fischer
Baylor College of Medicine, Houston, TX, United States

Carriage of Staphylococcus aureus, an opportunistic pathogen of 
concern in Africa and elsewhere, is a primary risk factor for disease. 
Understanding carriage risk factors is critical for identifying who is at 
greatest disease risk. Individuals with HIV suffer more severe S. aureus 
disease and are at risk of treatment failure and death. Despite the high 
HIV burden, data on S. aureus carriage in southern Africa are sparse. To 
describe S. aureus nasal carriage in Botswana, we evaluated outpatients 
in and around Gaborone. From March-June, 2013, 473 adults (404 HIV+ 
/69 HIV- and 56 children (<18 yrs) (14 HIV+/42 HIV-), had 2 nasal swabs, 
4 weeks apart, and interviews about health status and potential risk 
factors. Carriers (≥1 swab positive for S. aureus by standard microbiologic 
techniques) were classified as intermittent or persistent carriers. We 
tested antibiotic susceptibility to 19 antibiotics and performed spa-typing 
of isolates. S. aureus nasal carriage prevalence was 39.3%, of which 
36.0% was persistent; 3.97% had MRSA, but none persistently. Rural 
patients (Prevalence Ratio [PR] 2.19, p<0.01), those in households with 
≥1 child (PR 1.36, p=0.06), or with viremia (>399 copies/mL) (PR 1.88, 
P=0.02) were more likely to be persistently carriers. HIV+ participants 
were less likely to have MRSA (p=0.049), while children (PR 1.9, p<0.01) 
and those with eczema (PR 5.72, p=0.001), asthma (PR 3.8, p=0.037), 
or a history of tuberculosis (PR 3.26, p=0.03) or pneumonia (PR 3.6, 
p=0.03) had more MRSA. Resistance was low to TMP-SXT (10.6%) but 
high to cloxacillin (87.0%). Persistent carriers harbored more resistance, 
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and 14.2% of carriers were multiply resistant. A large genotypic diversity 
was present, including new spa-types (analysis ongoing). Rural and large 
households and children with HIV are high-risk S. aureus carriage groups, 
and adults with viremia are more likely persistent reservoirs. Children and 
outpatients with comorbidities or history of respiratory disease are major 
MRSA risk groups. Cloxacillin resitance is noteworthy, as it is the empiric 
antistaphylococcal. Our findings may guide indicators of carriage risk in a 
clinic setting.

1016
ISOLATION AND CHARACTERIZATION OF BROAD 
SPECTRUM BACTERIOPHAGES WITH LYTIC ACTIVITY IN 
STAPHYLOCOCCUS AUREUS METHICILLIN RESISTANT 
(MRSA) STRAINS

Luis A. Estrella1, Javier Quinones1, Mathew Henry1, Biswajit 
Biswas1, Vishwesh Mokashi1, Ninfa Teneza-Mora2, Eric Hall2
1Naval Medical Research Center, Frederick, MD, United States, 2Naval 
Medical Research Center, Silver Spring, MD, United States

Infections by antibiotic resistant Staphylococcus aureus are common 
on the clinical and community settings. Bacteriophages (phages) are 
prokaryotic virus that infect and multiply using bacteria as a host. In an 
effort to develop an alternate therapy against MRSA infections, we used 
our collection of nosocomial and community acquired MRSA strains to 
identify phages with lytic activity. We have isolated and identified eight S. 
aureus phages from various environmental sources and tested for their 
lytic activity against 170 MRSA isolates. The results indicate that these 
phages are highly virulent and can effectively prevent the growth of 95% 
of the MRSA isolates. Phage K was previously isolated as a broad spectrum 
phage with lytic activity against S. aureus and was available from 
American Type Culture Collection (ATCC). Testing of phage K against our 
MRSA collection showed that it can prevent the growth of 81.7% of the 
isolates. One of our phages designated as SA0414ᶲ1 in our laboratory was 
further analyzed by electron microscopy. Results indicate that like phage 
K, SA0414ᶲ1 belongs to the Myoviridae family of virus. The eight phages 
were characterized via restriction endonuclease digestion and protein 
profile and determined to be distinct from one other and from phage K. 
Furthermore, minimal inhibition concentration (MIC) assay indicates that 
combination of the phage K, with three of our isolates have an enhanced 
phage-mediated lytic effect on MRSA strains. These results indicate that 
these phages combination can produce a cocktail preparation which can 
be used to treat S. aureus infections in human wounds.

1017
QUANTIFYING THE INDIRECT EFFECTS OF HAEMOPHILUS 
INFLUENZAE TYPE B VACCINATION IN CHILDREN UNDER 5 
YEARS-OLD

Anwesha Majumder, Brian Wahl, Maria Knoll
Johns Hopkins University, Baltimore, MD, United States

Haemophilus influenzae type b (Hib) is a significant cause of meningitis 
and pneumonia among children under 5 years. A conjugate vaccine has 
been available since the mid-1980s, leading to disease reductions well 
above what would be expected from direct protection of the vaccine 
alone. This indicates indirect effects provide substantial protection against 
Hib disease. Indirect effects are rarely investigated because it requires large, 
cluster randomized trials; instead we used pre-post vaccine introduction 
studies to model the effects. Three methods to perform this analysis 
were identified in the literature. Wolfson, et al. described a method to 
compare the observed disease reduction to the reduction expected only 
from direct effects, resulting in an indirect effect multiplier based on 
vaccine coverage. Samandari, et al. estimated a multiplier for the number 
of people effectively protected by vaccination using vaccine coverage 
and incidence rates before and after vaccination. Lastly, Adegbola, et al. 
used average ages of infection and vaccination to calculate an alternative 

estimate of direct protection from vaccination. Eleven studies were used 
for the Wolfson and Samandari methods and three were used for the 
Adegbola method. All three methods suggest a robust indirect effect 
against Hib disease, with > 90% disease reduction predicted at only 70% 
coverage. Indirect effects were more influential at lower vaccine coverage, 
as vaccinating one child protected anywhere from two to six others. 
Direct effects dominated at vaccine coverages above 60%. Validating 
these results against an infectious disease theoretical framework and a 
study that examined indirect effects on an individual level confirmed the 
accuracy of our results. Predicted protection varied between the methods, 
but all demonstrated the importance of indirect effects at low vaccine 
coverage. These results can be used to better estimate the expected 
disease reduction prior to beginning a vaccine program and can impact 
policy decisions regarding vaccination. The models used in this analysis 
can also be applied to other vaccines, such as pneumococcal conjugate 
vaccine.

1018
MARKED IMPROVEMENT OF NEISSERIA MENINGITIDIS 
CARRIAGE DETECTION USING PCR AFTER OVERNIGHT 
BROTH CULTURE WITH PARALLEL QUANTIFICATION USING 
FILTER PAPER SAMPLES

Olivier Manigart1, Jacinta Okeakpu2, Aderonke Odutola2, Sheikh 
Jarju2, Ebenezer Foster-Nyarko2, Kanny Diallo3, Anna Roca2, Beate 
Kampmann2, Umberto D’Alessandro2, Martin Antonio2, Caroline 
Trotter4, James Stuart5, Brian Greenwood5

1London School of Hygiene & Tropical Medicine and MRC, The Gambia 
Unit, London and Fajara, United Kingdom, 2Medical Research Council, The 
Gambia Unit, Fajara, Gambia, 3Centre pour le développement des vaccins, 
Bamako, Mali, 4University of Cambridge, Cambridge, United Kingdom, 
5London School of Hygiene & Tropical Medicine, London, United Kingdom

Conventional methods used to detect pharyngeal carriage of Neisseria 
meningitidis (Nm) involve multiple tests which are time consuming, 
expensive and a source of potential errors. There is a need to develop 
better methods for large-scale studies. Prior to field surveys, we 
demonstrated on spiked samples that Todd-Hewitt broth (THB) was 
optimal for the overnight growth of Nm prior to direct PCR after DNA 
extraction. We demonstrated also that blots on filter paper can be used to 
detect a few copies of Nm DNA. 1000 school-children aged 10 to 18 years 
were sampled once with 3 different swabs and detection of carriers was 
compared using three different methods randomly chosen: (i) plating on 
Thayer-Martin selective medium and testing by conventional microbiology; 
all suspected Nm were confirmed by PCR. (ii) seeding in THB and, after 
overnight culture, processing using the same PCR (iii) compression of 
the swab on filter paper and processing after DNA concentration by the 
same PCR. Conventional microbiology detected 57 Nm carriers. Most of 
these (84%) were also detected after THB culture and 44% were detected 
on filter papers. In comparison, direct PCR after DNA extraction of THB 
samples detected 139 carriers, an improvement of 243%. Filter papers 
detected 54 carriers, 53 of which were also detected through broth culture 
and 25 by conventional microbiological methods. DNA copies from a first 
central filter paper punch varied between 1 and 25,000 DNA copies. 26 
among the 57 Nm carriers (46%) detected by the conventional method 
were non-groupable on genogrouping and the capsule null intergenic 
region was identified, whereas 62% of the Nm identified from broth 
culture were non-groupable as were 30% obtained from filter papers. No 
genogroup A Nm was detected; one fifth of the capsulated bacteria were 
genogroup W, followed by X, B and Y in decreasing prevalence. For large-
scale studies, where standardized methods are needed, simple molecular 
detection after broth overnight culture in an appropriate medium allows 
improved detection of Nm. We also demonstrated the feasibility of using 
filter paper followed by quantitative PCR for carriage studies.
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1019
SERUM BACTERICIDAL ANTIBODIES AGAINST GROUP W 
MENINGOCOCCI IN NIGERIAN HOUSEHOLDS

Rahamatou Boukary1, Ali Mahamane2, Lesley Mabey3, Daniel 
Holme3, Helen Findlow3, James Stuart4, Maria Nascimento4, Jean-
Marc Collard2, Caroline Trotter5, Olivier Manigart4, Ray Borrow3, 
Brian Greenwood for the MenAfriCar Consortium4

1CERMES and Public Health England, Niamey and Manchester, Niger, 
2Centre de Recherche Médicale et Sanitaire CERMES, Niamey, Niger, 3Public 
Health England, Manchester, United Kingdom, 4London School of Hygiene 
& Tropical Medicine, London, United Kingdom, 5University of Cambridge, 
Cambridge, United Kingdom

The African Meningococcal Carriage Consortium (MenAfriCar) was 
established in 2009 to study the epidemiology of meningococcal carriage 
across the African meningitis belt. The Centre de Recherche Médicale et 
Sanitaire (CERMES) in Niger was one of the seven African research centres 
within MenAfriCar. In 2010 and 2011, following cross-sectional carriage 
surveys, households in which a carrier was identified were recruited 
and followed up for 6 months. In Niger, 61 households, including 466 
individuals were recruited, although not all consented to a blood sample. 
Blood samples collected at the first household visit were tested for serum 
bactericidal antibody (SBA) activity to group W (strain M01 240070; 
W:NT:P1.18-1,3 cc22). A validated complement-mediated SBA assay, 
utilising baby rabbit complement was used. Serum from 330 individuals 
was tested for SBA activity against group W. SBA titres were analysed 
overall, and by carrier status. The overall SBA geometric mean titre (GMT) 
was 18 (95% CI 13,24) and GMTs did not vary significantly by age or sex. 
There were 31 index carriers of a group W meningococcus; GMTs in this 
group were significantly higher (350, 95% CI 138, 890) than in individuals 
who were not carriers (13, 95% CI 10,18; p<0.001) at the time the blood 
sample was taken. Individuals in the same household as group W index 
carriers, but who were not carriers themselves, had similar SBA titres to 
individuals in households without a group W carrier. Fifty-three individuals 
who were not index carriers acquired group W meningococci during the 
6 month follow-up period; GMTs at baseline were modest in this group 
(15, 95% CI 7,35) but not significantly different to individuals who did not 
carry group W at any time (13, 95% CI 9, 18). Thus, while we can observe 
a clear immunological response to group W carriage, we are not able to 
elucidate a correlate of protection against group W carriage.

1020
MENINGOCOCCAL CARRIAGE IN NORTHERN GHANA

Isaac Osei on behalf of the MenAfriCar Consortium
Navrongo Health Research Centre and London School of Hygiene & 
Tropical Medicine, Navrongo and London, Ghana

The African Meningococcal Carriage Consortium (MenAfriCar) was 
established in 2009 to study the epidemiology of meningococcal carriage 
across the African meningitis belt. The Navrongo Health Research Centre 
in northern Ghana was one of the seven African research centres within 
MenAfriCar. Three cross-sectional carriage studies were undertaken 
in 2010, 2011 and 2012, in both urban and rural areas, with a target 
sample of 1000 participants in each area and survey. A total of 5209 
oropharyngeal swabs were collected and tested for the presence of 
meningococci. The overall carriage prevalence of Neisseria meningitidis 
was 3.7%, but prevalence increased with each survey. Most meningococci 
(79%) were genogroup W. Factors associated with carriage included age, 
with the highest prevalence in 5-14 year olds, and sex with males having 
a higher prevalence of carriage than females. In 2010, blood samples 
were collected from a sub-set of participants to allow sero-epidemiological 
investigations. The seroprevalence of meningococcal serogroup-A specific 
IgG antibodies was determined by ELISA in 765 age-stratified samples. 
The overall geometric mean concentration (GMC) was 9.09 (95% CI 8.29, 
9.97) and 87% of participants had antibody concentrations above 2ug/
ml. Antibody concentrations were higher in the urban compared to rural 

area and increased with increasing age. In 2011 and 2012, households 
in which a carrier was identified were recruited and followed up for 6 
months. Twenty-three households and 167 individuals were studied and 
the patterns of transmission among these households will be described. 
Studies of carriage, such as this, are central to understanding the 
epidemiology of meningococcal infection in the African meningitis belt.

1021
DOES STAPHYLOCOCCUS AUREUS NASAL COLONIZATION 
INDUCE T-CELL AND INFLAMMATORY CYTOKINE 
RESPONSES? EVIDENCE FROM MILITARY TRAINEES AT HIGH-
RISK FOR S. AUREUS COLONIZATION AND DISEASE

Danett K. Bishop1, Lauren H. Nagy1, Katrina Crawford2, Eugene 
V. Millar2, Jeffrey B. Lanier3, Carey D. Schlett2, Natasha Law3, Nimfa 
Teneza-Mora1, Michael W. Ellis2, Eric R. Hall1
1Naval Medical Research Center, Silver Spring, MD, United States, 
2Uniformed Services University of the Health Sciences, Bethesda, MD, 
United States, 3Martin Army Community Hospital, Fort Benning, GA, 
United States

Staphylococcus aureus is a major cause of skin and soft tissue infection 
(SSTI). Colonization of the anterior nares, the reservoir for S. aureus, is 
thought to be a risk factor for SSTI. Numerous studies have shown that 
both humoral and cellular immunity are involved in the host response to 
SSTI. By contrast, few studies have evaluated the host immune response to 
colonization among individuals without SSTI, and none to our knowledge 
have evaluated the impact of colonization on distributions of T-cell subsets 
and pro-inflammatory cytokines in serum. From 4/2013-12/2014, we 
conducted a case-control study of SSTI among US Army Infantry trainees, 
a group known to be at increased risk for S. aureus colonization and 
disease. Trainees presenting to the medical clinic for non-infectious 
conditions (e.g. musculo-skeletal injury) were recruited as healthy controls. 
A nasal swab and blood sample was collected at the time of enrollment. 
Swabs were processed by standard methods to assess colonization status. 
T-cell populations in peripheral blood were assessed by flow cytometry. 
Serum concentrations of pro-inflammatory cytokines were assessed by 25-
plex Luminex panel. Forty-seven participants without SSTI were included 
in the analysis. Of these, 20 (42.5%) were colonized with S. aureus. The 
proportion of γδ T-cells was higher among colonized as compared to non-
colonized individuals (p<0.01). Moreover, proportions of Th1-cells (p<0.05) 
and γδ T-cells producing IFN-γ (p<0.01) were higher among colonized vs 
non-colonized individuals. There were no differences between groups 
with respect to proportions of IL-17 producing T-cells (p=0.30). Colonized 
individuals also had higher serum concentrations of pro-inflammatory 
cytokines, specifically IFN-γ (p=0.004), MCP-1 (p=0.01), IL-1RA (p=0.02), 
Eotaxin (p=0.03), and MIP-1α (p=0.05). Concentrations of IL-17 did not 
differ between groups (p=0.14). In conclusion, these findings suggest that 
nasal acquisition of S. aureus elicits a systemic immune response, namely 
an induction of pro-inflammatory cytokines and proliferation of Th1 and 
IFNγ-secreting cells. 

1022
GLOBAL ELIMINATION OF LEPROSY BY 2020: ARE WE ON 
TRACK?

David J. Blok, Sake J. de Vlas, Jan Hendrik Richardus
Erasmus MC, Rotterdam, Netherlands

Annually more than 200,000 new leprosy cases are registered. This 
number has been fairly stable in the past 8 years. WHO has set a target to 
eliminate leprosy globally by 2020.The aim of this study is to investigate 
whether this is feasible given the current control strategy. We focus on 
three endemic countries, India, Brazil and Indonesia, which together 
account for nearly 80% of all leprosy cases. We used the existing 
individual-based model SIMCOLEP to predict future trends of leprosy 
incidence given the current control strategy in each country. SIMCOLEP 
simulates life histories of individuals, structured in households, and the 
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natural history of infection with M. leprae. Current control consists of 
passive case detection, some active case detection, and multidrug therapy 
(MDT). Also, BCG vaccination of infants against tuberculosis is known to 
be effective against leprosy. Predictions of leprosy incidence were made 
for each country as a whole and for one high-endemic region in each 
country: Chhattisgarh (India), Para (Brazil) and Madura (Indonesia). Data 
for model quantification came from the National Leprosy Elimination 
Program (NLEP, India), SINAN database (Brazil) and the Netherlands 
Leprosy Relief (Indonesia). Our projections of future leprosy incidence all 
show a downward trend. In 2020, the country-level leprosy incidence 
has decreased to 6, 7 and 4 per 100,000 in India, Brazil and Indonesia, 
respectively, meeting the elimination target of less than 10 per 100,000. 
However, elimination may not be achieved in the high-endemic regions. 
The leprosy incidence in 2020 is predicted to be 17, 19 and 24 per 
100,000 in Chhattisgarh, Para and Madura, respectively. Although it seems 
that country-level elimination is reached by 2020, leprosy is likely to remain 
a problem in the high endemic regions, which account for most of the 
cases in a country. We therefore conclude that elimination may only be 
reached by 2020 with additional control measures.

1023
CO-INFECTION OF GONORRHEA AND CHLAMYDIA AMONG 
PATIENTS ENROLLED WITHIN A STI SURVEILLANCE STUDY IN 
GHANA

Naiki Puplampu1, Eric Behene1, Helena Dela1, Shirley Nimo-
Paintsil1, Kwesi Addo2, Edward Owusu Nyarko3, Cynthia Kwakye4, 
Nehkonti Adams1

1Naval Medical Research Unit - 3, Ghana Detachment, Accra, Ghana, 
2Noguchi Memorial Institute for Medical Research, Accra, Ghana, 3Ghana 
Armed Forces Public Health Division, Accra, Ghana, 4Ghana Health Service, 
Accra, Ghana

Gonorrhea and chlamydia are the most prevalent bacterial sexually 
transmitted infections (STI) and they often coexist. Common 
manifestations of these diseases include urethritis in men and cervicitis 
in females. This study provides data on co-infections collected during 
June 2012 and November 2014 in five health facilities in Accra and 
Sekondi/Takoradi. Eligible patients presenting with dysuria and or genital 
discharge were consented and enrolled. After enrolment, urine samples 
were obtained and tested by nucleic acid amplification test (NAAT) for 
Neisseria gonorrhea and Chlamyia trachomatis. Gram stain and culture 
for N. gonorrhea was also performed. A total of 679 specimens were 
tested. Males and females enrolled were 313 and 361 respectively One 
hundred and seventy-two cases (25.3%) were positive for gonorrhea and 
72 (10.6%) for chlamydia. There were 18 co-infections (2.7%). Among 
patients who tested positive for gonorrhea, 10.4% were positive for 
chlamydia. Males who tested positive for gonorrhea were 39.3% and 
females 13.6%. Only 16 males were co-infected, however, for those 
between 25 and 31 years of age, 9 of 57 (15.7%) with N. gonorrhea 
also tested positive for chlamydia. Co-infection among females in the 
same group was 2 of 22 (9.1%). For patients who tested positive for 
chlamydia, 25% of them tested positive for gonorrhea. Symptoms seen in 
co-infections were as follows; dysuria (61.1%), genital discharge (83.3%), 
malodorous urine (16.7%), genital ulcers (5.6%) and genital warts (5.6%). 
Co-infection rates were higher among males than females. Males who 
tested positive for chlamydia were 13.7% and females 8.0%. Gonorrhea 
infection rates for chlamydia positive cases were higher in males (37.2 
%) than in females (6.9%). The majority of patients with co-infections 
presented with genital discharge. Genital ulcers and warts observed in 
co-infected patients could be indicative of STIs caused by viral and other 
bacterial pathogens which may warrant further surveillance of other STIs 
in Ghana.

1024
ISOLATION OF BACTERIOPHAGES SPECIFIC FOR 
ACINETOBACTER BAUMANNII, A PROSPECTIVE ALTERNATIVE 
THERAPY AGAINST MULTI-DRUG RESISTANT BACTERIA

Nathanael D. Reynolds1, Paul Rios1, Ricardo Abadie1, Claudio 
Rocha1, Mark P. Simons1, Miguel Lopez1, Adriana Meza1, El 
Mohammady Hanan2, James M. Regeimbal3, Luis A. Estrella3, 
Matthew S. Henry3, Rae Heitkamp4, Amanda Roth4, Amy Zale4, 
Biswajit Biswas3, Nimfa C. Teneza-Mora3, Eric R. Hall3
1U.S. Naval Medical Research Unit - 6, Lima, Peru, 2U.S. Naval Medical 
Research Unit - 3, Cairo, Egypt, 3U.S. Naval Medical Research Center, Silver 
Spring, MD, United States, 4Walter Reed Army Institute of Research, Silver 
Spring, MD, United States

Antimicrobial resistant organisms complicate the successful treatment of 
wound infections and are a threat to both military and civilian populations. 
The U.S. Naval Medical Research Center (NMRC) along with the Naval 
Medical Research Unit No. 6 (NAMRU-6), Peru and NAMRU-3, Egypt, 
has initiated development of phage therapy as an alternative therapeutic 
strategy against multi-drug resistant bacterial infections. To provide proof 
of concept and to generate a viable bacteriophage therapy, we focused on 
isolation of phage specific to Acinetobacter baumannii due to the recent 
mergence of carbapenemase expression and multi-drug resistance that is 
becoming commonplace in wound and nosocomial infections. Because 
of capsular phase variation and the highly variable surface phenotype 
associated with A. baumannii strains, it is important to generate a robust 
library of different A. baumannii phage specific to different receptors that 
can be compounded into an effective therapeutic cocktail. To generate the 
phage library, environmental water samples were collected from different 
sites in Frederick, Maryland, Lima and Iquitos, Peru, and Cairo, Egypt. 
Using a standardized diversity set of A. baumannii isolates, we screened 
each of the water samples for the presence of A. baumannii-specific 
phage with phage isolates obtained from 9% of water sources tested in 
Frederick, 50% in Lima, 31% in Iquitos, and approximately 50% in Cairo. 
All purified phage isolates were sent to NMRC for further characterization 
and sequencing. Once completely characterized, a cocktail of broad 
spectrum phage against a large variety of A. baumannii strains will be 
generated for evaluation in pre-clinical trials. These preliminary findings 
demonstrate high success rates of identifying bacteriophage from common 
environmental water sources providing initial feasibility to generate phage 
cocktails for alternative therapies against drug-resistant bacteria.

1025
ZOONOTIC CESTODES OF WILD AND DOMESTIC CANIDS IN 
SOUTHERN KAZAKHSTAN

Aida Abdybekova1, Ahmetzhan Sultanov1, Aziza Zhumabayeva1, 
Zhanna Shapiyeva2, Daniyar Toksanbayev3, Christine M. Budke4, 
Paul R. Torgerson5

1Kazakh State Veterinary Research Institute, Almaty, Kazakhstan, 2Scientific 
Practical Center for Sanitary Epidemiological Expertise and Monitoring, 
Almaty, Kazakhstan, 3Kazakhstan National Scientific Center for Surgery, 
Almaty, Kazakhstan, 4Texas A&M University, College Station, TX, United 
States, 5University of Zurich, Zurich, Switzerland

Cystic echinococcosis (CE) and alveolar echinococcosis (AE) caused by 
the zoonotic cestodes Echinococcus granulosus and E. multilocularis, 
respectively, are considered neglected tropical diseases by the World Health 
Organization and other international entities. Both Echinococcus species 
primarily use domestic and/or wild canids as definitive hosts. Humans are 
at risk of becoming infected via the ingestion of parasite eggs shed in 
the feces of an infected definitive host. In order to obtain information on 
the frequency of infection in wild and domestic canids, field surveys were 
conducted from 2008-2012 in 3 regions (Almaty, Zhambyl, and South 
Kazakhstan) of southern Kazakhstan. In total, 41 wolves (Canis lupus), 
128 red foxes (Vulpes vulpes), 60 jackals (Canis aureus), 39 corsac 
foxes (Vulpes corsac), and 101 stray dogs were evaluated via necropsy 
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of the intestinal tract. E. granulosus was identified in 6.9% (7/101) of 
dogs and 19.5% (8/41) of wolves while E. multilocularis was found in 
4.7% (6/128) of red foxes, 2.6% (1/39) of corsac foxes, and 2.0% (2/101) 
of dogs. Neither parasite was found in jackals. Findings from this study 
indicate that there is an ongoing zoonotic risk from both E. granulosus 
and E. multilocularis for the population of southern Kazakhstan.

1026
THE EXPRESSION AND POSSIBLE ROLE OF TH1/TH2/TH9/
TH17/TREG TRANSCRIPTION FACTORS IN LIVER TISSUES 
FROM HEPATIC ALVEOLAR ECHINOCOCCOSIS PATIENTS

Heng Zhang, Tuerhongjiang Tuxun, Shadike Apaer, Hai-zhang 
Ma, Amina Aierken, Ren-yong Lin, Hao Wen
First Affiliated Hospital of Xinjiang Medical University, Urumqi, China

 Human alveolar echinococcosis continues to be a major public health 
issue in China. The role and expression profile of T helper cell subsets in 
the hepatic lesion in hepatic alveolar echinococcosis patients are still not 
quite clear. In this study, we are aiming to investigate the expression and 
effect of T-bet / GATA-3 and Foxp3 / RORrt in liver tissue from alveolar 
echinococcosis patients, and then reflect the function and effect of the 
cell Th1/Th2 and Th17/Treg in AE. All liver tissues were selected from 14 
patients with hepatic AE who were treated and divided into 3 groups: 
lesion tissues (L group), para-lesion tissues (P group) and liver tissues (N 
group). The mRNA expression of T-bet / GATA-3 and Foxp3 / RORrt were 
measured by real-time PCR (qRT-PCR). For statistical analysis,interquartile 
test and Spearman correlation were used. Both T-bet and GATA3 mRNA 
levels were significantly higher in group L than those in group N. There 
was no significant difference in those between group L and group P. 
However, there was significant difference in those between group P and 
group N. While, the expression of GATA-3 and T-bet mRNA were positively 
correlated in different liver tissue. As for the Foxp3 and RORrt mRNA 
expressions, the hepatic Foxp3 levels were significantly higher in group 
L than that in group P and group N. However, there was no significant 
difference in those between group P and group N. Meanwhile, RORγt 
mRNA expression in group P were also significantly higher than that in 
group N. Significant difference was found between group L and group 
N. The expression of RORγt and Foxp3 mRNA were positively correlated 
in different liver tissues. Th9 related transcription factor PU.1 mRNA 
levels elevated in group L and group P with statistical significance when 
compared to group N. The increased expression of Th1/Th2/Th9/Th17/
Treg transcription factors in different hepatic tissues from human alveolar 
echinococcosis may indicate a close involvement of T cell subsets during 
the process of parasitic granuloma formation in alveolar echinococcosis 
patients.

1027
THE POSSIBLE ROLE OF TLR2 AND TLR4 WITH THEIR 
RELATED TRANSCRIPTION FACTORS/CYTOKINES IN 
INTRAPERITONEALLY INFECTED MICE WITH ECHINOCOCCUS 
MULTILOCULARIS

Shadike Apaer, Tuerhongjiang Tuxun, Heng Zhang, Hai-Zhang 
Ma, Amina Aierken, Ren-Yong Lin, Hao Wen
First Affiliated Hospital of Xinjiang Medical University, Urumqi, China

The crosstalk between host and parasite Echinococcus.multilocularis 
(E.m), which causes alveolar echinococcosis (AE), is highlighted by the 
immune response. Toll-like receptor (TLR) 2 and 4 are known to play crucial 
role in other parasitic infections. Therefore, in this study, we explored the 
expressions of TLR2 and TLR4 with related cytokines in E.m infected mices. 
24 subjects were enrolled and divided into three groups: E.m infection 
with CMC (E.m + CMC, n=8) group, E.m infection with albendazole (E.m 
+ ABZ, n=8) group, and controls with CMC (C + CMC, n=8) group. The 
splenic cells and peritoneal exudates cells were prepared and real-time 
fluorescent quantitative reverse-transcription polymerase chain reaction 

(qRT-PCR) and enzyme linked immune-sorbent assay (ELISA) analyses were 
carried out to detect the levels of TLR2, TLR4 and a series of transcription 
factors and cytokines. The mRNA expression levels of TLR2 and TLR4 
and relative transcription factors and cytokines including GATA-3 , IFN-γ 
and IL-10 in splenocytes were significantly increased in E.m+CMC group 
comparing with both E.m+ABZ and C+CMC group. Simultaneously, 
T-bet mRNA expressions were elevated in E.m+ABZ and C+CMC group 
compared to E.m+CMC group. In addition, T-bet / GATA3 ratios were 
elevated in E.m+ABZ group when comparing with E.m+CMC group 
and were higher in C+CMC group than those in E.m+CMC group. The 
concentration levels of IFN-γ, IL-10, and IL-5 in abdominal exudates cells 
as well as splenocyte supernatants were extremely lower, interestingly, 
they were found to be significantly elevated after stimulating with Con A 
for 36h, resulting in higher concentrations in E.m+CMC group comparing 
with both E.m+ABZ and C+CMC group. TLR2 mRNA expressions in splenic 
cells had a positive correlation with splenocyte IL-10 concentration levels. 
The present study provided evidence on the possible role of TLR2 in the 
process of immune tolerance during E.m infection. Further, our study also 
suggests that albendazole treatment might reverse the immune tolerance 
situation and improve parasite clearance process.

1028
DEVELOPMENT OF A SIMPLE IDENTIFICATION OF HUMAN 
TAENIA SPECIES BY USING MULTIPLEX LAMP AND DOT-ELISA

Agathe Nkouawa, Akira Ito, Yasuhito Sako
Asahikawa Medical University, Asahikawa, Japan

Differential detection of Taenia solium from T. saginata and T. asiatica 
is a key strategy for the control and prevention of human cysticercosis in 
endemic areas. For this purpose, we have recently developed a sensitive 
and specific LAMP assay targeting the mitochondrial cytochrome c 
oxidase subunit 1 (cox1) gene and have showed its usefulness. However, 
to achieve differential identification, three reaction mixtures containing 
T. solium-, T. saginata- and T. asiatica-primer set separately per one 
specimen must be set up, which is complicated and time-consuming. In 
this study, we developed a simple identification of human Taenia species 
by using multiplex LAMP (mLAMP) and dot-ELISA. FIP primers of T. 
solium, T. saginata and T. asiatica labeled with FITC, DIG and TAMRA, 
respectively, and biotin labeled-BIP primers were used in mLAMP. mLAMP 
assay succeeded in specific amplification of each respective target gene 
in single tube. Furthermore, LAMP product from each species was easily 
distinguished by using dot-ELISA with antibody specific for FITC, DIG or 
TAMRA. This method specifically identified cysticerci, proglottids and eggs 
of Taenia from endemic areas. mLAMP in conjunction with dot-ELISA will 
make real-time identification of human Taenia species in the field more 
practicable.

1029
FIRST TIME SEROLOGICAL EVIDENCE OF TAENIA SOLIUM 
LARVAL INFECTION IN ORANG ASLI COMMUNITIES - THE 
ABORIGINES FROM MALAYSIA

Priyadarshi Soumyaranjan Sahu1, Yvonne A. Lim2, Romano 
Ngui2, Rohela Mahmud2

1International Medical University, Kuala Lumpur, Malaysia, 2University of 
Malaya, Kuala Lumpur, Malaysia

Till today Malaysia is being presumed to be non-endemic for Taenia 
solium cysticercosis. Being a Muslim majority country, pork consumption 
by Muslims is prohibited. While considering non-Muslim communities in 
Malaysia who are pork eaters, possibility of its underlying prevalence is a 
matter of concern. Though there may be strict regulations in pig farming 
practice particularly in Peninsular Malaysia, however, the true estimate 
of the underlying prevalence, and risk factors of its transmission in this 
country remains unexplored. We initiated this study to understand the 
scenario on the native populations of Malaysia; ‘Orang Asli’ communities 
are known as aborigines of Malaysia who are underprivileged and also well 
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known to be carriers of many different parasitic infections. But the possible 
burden of T. solium cysticercosis was never explored in these aborigines. 
By using a commercial IgG-ELISA kit, the sera from a total of 522 randomly 
chosen Orang Asli individuals including either genders (age range between 
1 to 68 years) were screened for T. solium larvae specific antibodies. 
A total of 3.8% subjects were diagnosed positive for anti-Cysticercus 
antibodies (95% CI: 2.5% - 5.8%; χ2=17.8; p<0.05). The prevalence of 
antibody positivity ranged between 0.9% (Semelai subgroup) to 9.9% 
(Orang Kuala subgroup). Statistical significance was observed between the 
low income status of family and seropositivity for cysticercosis (p=0.041) 
based on univariate analysis. Study findings indicated exposure to T. 
solium larval infection might have occurred in the aborigine communities 
in Peninsular Malaysia. For the first time our study findings could highlight 
that cysticercosis is an under recognized public health problem in Malaysia. 
Its actual prevalence can be estimated if a larger population is targeted 
in this country including both Peninsular and East Malaysia. Also a public 
health surveillance program must verify further on the risk factors for 
this neglected parasitic disease transmission either among the natives or 
imported from neighbouring endemic countries of Southeast Asia.

1030
MOLECULAR DETECTION OF TAENIID CESTODE EGGS 
IN DUNG BEETLES FROM ENDEMIC AREA TO PORCINE 
CYSTICERCOSIS

Ana M. Vargas-Calla1, Luis A. Gomez-Puerta1, Monica Pajuelo2, 
Maria T. Lopez-Urbina1, Hector H. Garcia2, Armando E. Gonzalez1

1Universidad Nacional Mayor de San Marcos, Lima, Peru, 2Universidad 
Cayetano Heredia, Lima, Peru

The complex taeniasis/cysticercosis by Taenia solium is an important 
zoonotic disease mainly in development countries. The adult T. solium 
tapeworm localizes in the small intestine of humans, the definitive 
host. The eggs of T. solium are eliminated into gravid proglottids with 
the faeces, and then they are ingested by pigs, the intermediate host. 
Dispersal of cestode eggs of the Taeniidae family can occur in various 
manners, resulting in different ways in which they can be ingested by the 
corresponding host. The aim of this study was to confirm molecularly the 
presence of T. solium eggs in dung beetles collected from environmental, 
to confirm they are potential vectors of porcine cysticercosis. In this 
study, dung beetles were collected from 3 endemic villages of porcine 
cysticercosis in Piura, Peru. Dung beetles were collected in 41 different 
geographic point. For molecular study, we used a pool sample from each 
geographic point, each pool contained between 3 to 10 beetles. The 
DNA of the 41 pools was extracted using the FastDNA spin kit for soil 
DNA extraction according manufacture protocol. Then, mitochondrial 
cytochrome c oxidase subunit I (COXI) gene was amplified to identify 
occurrence of tapeworm. Finally, the positive samples were sequenced to 
know the species of tapeworm. Fifteen positive samples were obtained to 
PCR amplification. Two pools were compatible to T. solium and 3 pools 
were compatible to T. hydatigena. Our findings suggest that the dung 
beetles likely to play a role in the dynamic of transmission of cysticercosis 
by T. solium and T. hydatigena in the endemic areas.

1031
GENERATION AND CHARACTERIZATION OF A 
PROLIFERATING TAENIA CRASSICEPS CELL LINE

Jaeson S. Calla1, Miguel A. Orrego1, Hector H. Garcia2, 
Siddhartha Mahanty3, Cristina Guerra-Giraldez4, Theodore E. 
Nash3, Cysticercosis Working Group in Peru5

1Universidad Peruana Cayetano Heredia, Lima, Peru, 2Instituto Nacional 
de Ciencias Neurologicas and Facultad de Ciencias y Filosofia, Universidad 
Peruana Cayetano Heredia, Lima, Peru, 3National Institute of Allergy and 
Infectious Diseases, Bethesda, MD, United States, 4Facultad de Ciencias y 
Filosofia. Universidad Peruana Cayetano Heredia, Lima, Peru, 5Other, Lima, 
Peru

Neurocysticercosis, caused by the larval stage of the flatworm Taenia 
solium, is the most frequent helminth brain infection in humans and the 
most common cause of adult onset seizures worldwide. Taenia crassiceps, 
a closely related tapeworm, is a useful model for T. solium infection and 
has the advantage of supplying large numbers of larval cysts that multiply 
in mice following passage of cultivated cysts. We used T. crassiceps larvae 
to isolate, identify and grow neoblasts, the only platyhelminth-specific 
proliferating cells. Neoblasts have been studied in free-living planaria and 
later in cestodes like Echinococus. To isolate neoblasts, T. crassiceps (ORF 
strain) larval cysts were harvested from female BALB/C mice 8-10 weeks 
after intraperitoneal inoculation. These were washed, physically disrupted 
and placed at 27ºC in RPMI 1640 (with fetal calf serum, amino acids, 
mercaptoethanol and antibiotics) for one week before digestion with 
1% trypsin and agitation. After cultivation and further growth, individual 
cells were isolated by limiting dilution and allowed to proliferate. Growth 
was enhanced by culture under a 5% N2 atmosphere and by addition of 
Concanavalin A, gonadotropin or b-estradiol, each at 1 µg/ml. Proliferation 
was confirmed by BrdU uptake, observed by immunofluorescence and 
immunohistochemistry assays detecting incorporated BrdU. Cells were 
maintained in serial passage over several months and grew at doubling 
time of 4.5 hr. These cells contained T. crassiceps antigens as determined 
by immunoblots and reactivity only against T. crassiceps infected mouse 
serum. Cells were cryopreserved using RPMI with 10% DMSO or 10% 
glycerol with full recovery of viable neoblasts. Since these are the only cells 
proliferating in cestodes and they show T. crassiceps antigens, they fulfill 
the definition of neoblasts. The successful isolation and in vitro culture of 
T. crassiceps neoblasts as a stable cell line with remarkable proliferating 
capacity allows for systematic studies on the development and biology of a 
helminthic parasite, including the search for novel drugs, and provides the 
basis for similar assays in T. solium.

1032
DESCRIPTION AND PREDICTORS OF NEUROCYSTICERCOSIS 
CYST EVOLUTION AND RESOLUTION: A CYST-LEVEL 
ANALYSIS

Michelle A. Montgomery1, Katarzyna Wyka1, Arturo Carpio2, 
Denise Leslie3, Howard Andrews4, Emilia Bagiella4, W. Allen 
Hauser5, Elizabeth A. Kelvin1

1CUNY School of Public Health, New York, NY, United States, 2School 
of Medicine, University of Cuenca, Cuenca, Ecuador, 3MRI Diagnostics, 
Valhalla, NY, United States, 4Department of Biostatistics, Mailman School 
of Public Health, Columbia University, New York, NY, United States, 
5Gertrude H. Sergievsky Center, College of Physicians and Surgeons, 
Columbia University, New York, NY, United States

Neurocysticercosis (NC) is an infection of the central nervous system by the 
larval stage of the pork tapeworm. In the human brain, NC cysts evolve 
through three distinct phases, the active phase in which the parasite is 
viable, the transitional phase in which the parasite is degenerating and 
is targeted by the host’s immune system, and in some cases the parasite 
leaves a calcified cyst instead of resolving completely. Almost all research 
on NC describes the cysts at the patient level, presenting summaries of 
the cyst burden within patients (e.g. number or presence of cysts in a 
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phase or location). To date, these analyses have been unsatisfactory in 
explaining the different patterns of cyst evolution between patients. In 
this study we disaggregated data from the patient to the cyst level for 
62 patients who had 1 or 2 NC cysts in the active or transitional phase 
who were participating in a randomized clinical trial of albendazole 
treatment in Ecuador 2001-2003. We describe the evolution of 73 cysts 
from baseline to months 1, 6 and 12 through serial imaging and look 
at possible predictors of complete cyst resolution, cyst calcification and 
phase trends over time. By month 12, 59.4% of the cysts had completely 
resolved. Cysts in the parenchymal region of the brain and those in the 
transitional phase at baseline were more likely to have resolved completely 
by 12 months. Cysts in patients who developed new cysts (either due 
to new infection or cysts becoming newly apparent on imaging due to 
decreased inflammation) were also more likely to have resolved by 12 
months. Age and gender, presence of calcified cysts at baseline, number 
of cysts at baseline and treatment group had no impact on cyst resolution 
by month 12. The associations were similar after adjusting for covariates 
and taking clustering into account using generalized estimating equations. 
Host immune response to cysticercosis varies widely across individuals, as 
well as between different cysts within the same individual. Understanding 
the patterns and predictors of cyst evolution within as well as between 
individuals may help us better identify treatments for those in whom 
current options are not working.

1033
EOSINOPHILIA IS NOT ASSOCIATED WITH 
NEUROCYSTICERCOSIS: RETROSPECTIVE ANALYSIS OF CASES 
SEEN AT THE NATIONAL INSTITUTES OF HEALTH 1985-2015

JeanAnne Ware, Theodore E. Nash
National Institutes of Health, Laboratory of Parasitic Diseases, National 
Institute of Allergy and Infectious Diseases, Bethesda, MD, United States

Neurocysticercosis (NCC) has been generally cited as a parasitic infection 
associated with eosinophilia, but little evidence has been published to 
establish this relationship. A retrospective analysis was done of 106 
patients with confirmed neurocysticercosis referred to NIH for evaluation 
and treatment between 1985 and January 2015. Historical records 
from referring providers, and from NIH were reviewed to identify the 
earliest available eosinophil count at the time of diagnosis. Eosinophilia 
was defined as an absolute eosinophil count ≥ 500/mm3. Patients with 
current or recent corticosteroid use (within two weeks) were excluded 
from further analysis (31%). The remaining cases (73) were reviewed 
for medical history including type of NCC, presence of a viable cyst(s) at 
diagnosis, current and past surgical and medical treatments and evidence 
of concurrent parasitic infections as judged by stools for ova and parasites 
and serologies for S. stercoralis (performed in most) and other helminthes 
when indicated. In this cohort, only 2 had an absolute eosinophilia of 500/
mm3 at the referring hospitals but were likely due to strongyloidiasis based 
on positive serology. The advantage of this study is the low likelihood of 
confounding eosinophilia due to migrating gastrointestinal helminthes 
not commonly endemic in the U.S. and routine serologic testing for 
Strongyloides stercoralis, a common cause of occult eosinophilia in 
immigrants. Limitations include treatment prior to referral to NIH in many 
and incomplete historical records for some patients seen prior to 2000. In 
summary eosinophilia in patients with NCC was rare and when present 
could be attributable to other helminth infections.

1034
COMMUNITY-BASED SURVEILLANCE AND TREATMENT TO 
CONTROL TRANSMISSION OF TAENIA SOLIUM

Seth E. ONeal1, Luz Maria Moyano2, Viterbo Ayvar2, Sandra 
Olaya2, Ricardo Gamboa2, Percy Vilchez2, Ruth Atto2, Claudio 
Ecca2, Victor Benavides2, Robert H. Gilman3, Armando E. 
Gonzalez4, Hector H. Garcia5, For The Cysticercosis Working Group 
in Peru5

1Oregon Health & Science University, Portland, OR, United States, 2Center 
for Global Health Tumbes, Tumbes, Peru, 3Bloomberg School of Public 
Health, Baltimore, MD, United States, 4Universidad Nacional Mayor de San 
Marcos, Lima, Peru, 5Universidad Peruana Cayetano Heredia, Lima, Peru

Taenia solium is a common zoonosis and a leading cause of preventable 
epilepsy worldwide. Focusing screening and treatment for taeniasis within 
households located around pigs that are heavily-infected with cysticercosis 
can reduce parasite transmission over time. This control approach, 
known as ring-strategy, reduced the seroincidence in pigs by 41% over 
one year in a prior study. The objective of this on-going randomized 
community trial is to apply ring-strategy in a community-based approach 
to evaluate whether control gains can be replicated by villagers working 
in coordination with the local Ministry of Health. This approach requires 
significant community collaboration and capacitation including formation 
of a functioning surveillance and response system at the local level. We 
randomized 4 villages (pop. 1117) to intervention and 3 villages (pop. 
1287) to control. The intervention consists of villager surveillance for 
infected pigs followed by Ministry of Health response including case 
investigation and presumptive treatment of humans and pigs in nearby 
households. The seroincidence of cysticercosis is monitored serially as the 
outcome over a period of one-year. We collaborated with the Ministry of 
Health so that local health workers could provide treatment of humans 
and pigs in response to disease reports. We trained 33 healthcare 
workers in case investigation, diagnosis and treatment, and another 12 
health promoters to promote and document cysticercosis reports from 
residents. Collaboration with the Ministry of Education provided access to 
primary and secondary classrooms where students were given interactive 
instruction regarding cysticercosis prevention and surveillance. This 
collaboration also facilitated treatment of children at the schools provided 
parent consent. Twelve cases of porcine cysticercosis were reported within 
the first 6 months of the study resulting in presumptive treatment of 249 
humans and 169 pigs in at-risk households. The final effect of the program 
on pig seroincidence in the intervention communities versus control will be 
presented at the 2015 ASTMH meeting.

1035
IDENTIFICATION, ISOLATION, CULTURE AND 
CHARACTERIZATION OF TAENIA SOLIUM PROLIFERATING 
CELLS

Miguel Angel Orrego Solano1, Cristina Cristina Guerra-
Giraldez1, Carla Cangalaya1, Jaeson Calla1, Siddhartha Mahanty2, 
Theodore Nash2, Hector H. Garcia3, Cisticercosis Working Group 
in Peru
1Universidad Peruana Cayetano Heredia, Lima, Peru, 2Laboratory of 
Parasitic Diseases, National Institute of Allergy and Infectious Diseases, 
National Institutes of Health, Bethesda, MD, United States, 3Cysticercosis 
Unit, Instituto Nacional de Ciencias Neurologicas., Lima, Peru

Proliferation, regeneration and differentiation in flatworms are functions 
restricted to a particular group of cells, called neoblasts, which are also 
involved in the enormous plasticity typical of planarians. Despite some 
diferences at the morphologic and genetic level, neoblasts are also found 
in parasitic flatworms and are the only proliferating cells in platyhelminths. 
These cells have been identified in and isolated from Echinococcus and 
Taenia crassiceps. We identified proliferating cells in T. solium cysts 
collected from an infected pig; neoblasts were identified by their ability 
to replicate and incorporate bromodeoxyuridine (BrdU), detected with 
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a BrdUspecific monoclonal antibody. Cells were extracted from cysts by 
digestion with trypsin followed by limiting dilution cultures, proliferating 
cells were abundant in the neck of the parasite, and were more evident 
after bile-induced evagination of the cysts. Their identity as neoblasts 
was confirmed after incubation with BrdU. In vitro growth of isolated 
neoblasts was enhanced with different supplements and incubation at 
two temperatures. Plates were incubated in the presence of 5% N2. 
Proliferating cells in stable cell cultures have been achieved. T solium 
neoblasts reacted with sera from pigs naturally infected with T. solium, 
and not with sera from healthy pigs gave in immunohistochemical assays. 
Given the urgent need for novel, more effective and faster cysticidal drugs 
without deleterious side effects, efficient and scalable in vitro systems are 
essential to perform systematic testing and further research. Therefore we 
utilized the neoblast to test new compounds for cytotoxicity as a first step 
towards development of therapeutic agents.

1036
CORRELATION OF EVANS BLUE STAINING AND GADOLINIUM 
ENHANCEMENT IN MAGNETIC RESONANCE IMAGING OF 
PIGS NATURALLY INFECTED WITH TAENIA SOLIUM

Carla Marcia Cangalaya1, Javier Bustos2, Juan Calcina3, Ana 
Vargas3, Armando Emico Gonzalez3, Cristina Guerra Giraldez1, 
Siddhartha Mahanty4, Teodhore Nash4, Hugo Hector Garcia2, 
Cysticercosis Working Group in Peru5

1Universidad Peruana Cayetano Heredia, Facultad de Ciencias y Filosofía, 
Lima, Peru, 2Unidad de Cisticercosis, Instituto Nacional de Ciencias 
Neurológicas, Lima, Peru, 3Facultad de Medicina Veterinaria, Universidad 
Nacional Mayor de San Marcos, Lima, Peru, 4Laboratory of Parasitic 
Diseases, National Institute of Allergy and Infectious Diseases, National 
Institutes of Health, Bethesda, MD, United States, 5Peru, Lima, Peru

How well Evans blue (EB) extravasation into the brain correlates with MRI 
studies employing gadolinium (Gd) enhancement was analyzed in pigs 
harboring brain cysts of Taenia solium. Previous experiments documented 
that after intravenous injection of EB, there was increased leakage of the 
dye into the cyst capsules that was associated with the enhanced presence 
of pericystic inflammation. Twelve naturally infected pigs were injected 
with EB two hours prior to evaluation by coronal, sagittal and axial T1-
weighted, Gd-enhanced magnetic resonance imaging (T1-MRI), after 
which the animals were euthanized and their brains analyzed. Histological 
examination allowed for classification of pericystic (capsular) inflammation 
as minimal, moderate or extensive, according to kind and distribution of 
immune cells. Ten-mm coronal sections of each brain were photographed 
and cyst capsules were scored according to absence or presence of EB 
(0 or 1: clear or blue capsules) and distribution of the color per cyst (EB 
categories were 0: 0%; 1: up to 50% of the capsule was blue; 2: over 
50% of the capsule was blue; 3: 100% of the capsule was blue). The open 
access software packages IMAGE J and R were used for bidimensional 
analysis of MRI images, which were normalized, assigned spacial sectors 
and converted to 3-D data. The occurrence and spacial distribution of 
Gd enhancement (GE) were determined for each capsule identified on 
MRI using continuous normalized histogram values from 0 (black) to 256 
(brightest). GE scores had a 100% success and sensitivity for discriminating 
between the presence of EB in clear (mean: 40.46) and blue capsules 
(mean: 64.03) (Student’s t test; p<0.001); the cutoff value for GE was 
42.5. According to EB distribution per capsule, 0% of blue had statistically 
lower GE from the other three categories (Bonferroni corrected Anova; 
p<0.01). Distribution of Gd correlated with the presence and distribution 
of EB and both correlated with the severity of the inflammation as 
observed histologically. These data demonstrate that EB staining can be 
a surrogate for Gd enhancement in MRI and may be applied to study 
inflammation in the pig model of NCC.

1037
THREE-DIMENSIONAL DISTRIBUTION OF TAENIA SOLIUM 
CYSTS IN PORCINE NEUROCYSTICERCOSIS

Carla Cangalaya1, Cristina Guerra-Giraldez1, Javier Bustos1, 
Armando E Gonzalez2, Siddhartha Mahanty3, Theodore E Nash3, 
Hector H Garcia1, Cysticercosis Working Group in Peru
1Universidad Peruana Cayetano Heredia, Lima, Peru, 2Universidad Nacional 
Mayor de San Marcos, Lima, Peru, 3National Institutes of Health, Bethesda, 
WA, United States

Neurocysticercosis (NCC) is the common major cause of seizures in Latin 
America. The symptoms of NCC depend on different characteristics, 
among them the anatomical location of the cysts. In domestic pigs, the 
middle or rostral cerebral artery has 10 main branches on the surface of 
the cortex, 7 of which are oriented towards the occipital lobe. In order to 
know if cysts are distributed following the vascular network at the central 
nervous system, we analyzed the three-dimensional spatial point pattern 
distribution of 414 Taenia solium cysts in the brains of 15 naturally 
infected pigs. Photos of coronal brain sections were used to obtain the 
X, Y, Z coordinates of the center of each cyst with the ImageJ program. 
The coordinates were corrected by the size and center of each brain to 
normalizate the data. We analyzed the distribution patterns of each cyst 
through the Ripley’s K function, G-function and F-function for three-
dimensional data, using the statistical program R and Spatstat library. 
The spatial point pattern was categorized in three main classes, namely 
aggregation (defined by a distribution with the shortest distances between 
cysts), regularity and complete spatial randomness (CSR), according to the 
interpretation of functions graphs. Aggregation of cysts was confirmed 
only if indicated by the three functions. Cyst distribution in the occipital, 
parietal and frontal lobe followed an aggregation pattern in 100%, 10% 
and 22% of pigs, respectively. Only in the temporal lobe the distribution 
pattern observed was random in all pigs studied. Parenchymal cysts 
follow a CSR distribution in 20% of the pigs and the other 80% follow a 
regular distribution. The meningeal and corticomeningeal cysts showed 
aggregation in 20% of the pigs studied, and the zones with the highest 
aggregation (i.e., the shortest distance between cysts) followed the 
branching of the rostral cerebral artery in 4 temporal branches oriented 
to the occipital lobe. According to these results we confirm that the 
distribution of cysts in the brain tends towards aggregation following the 
distribution of blood vessels.

1038
IN VITRO CULTURE ASSAY AND IN VIVO RAT 
NEUROCYSTICERCOSIS MODEL TO STUDY DIFFERENCE 
BETWEEN TAENIA SOLIUM AND T. SAGINATA

Nancy Chile1, Sandra Palma1, Manuela Verastegui1, Noelia 
Angulo1, Beth Jessy Condori1, Edson Bernal1, Alejandro Florentini1, 
Robert H. Gilman2

1Universidad Peruana Cayetano Heredia, Lima, Peru, 2Johns Hopkins 
University, Baltimore, MD, United States

Why can larval-stage Taenia solium infect humans while larval-stage 
T. saginata does not have this ability? It has not yet been answered. 
The aim of this work was to use an in vitro culture assay and a rat 
neurocysticercosis model to study and compare the development of 
T. solium and T. saginata from oncosphere to cysticerci. In the first 
experiment T. solium and T. saginata activated oncospheres were 
cultured in INT-407 intestinal cells for up to 180 days in order to evaluate 
the difference in the morphology during the development. Both of 
them developed to postoncospheral stage and the morphology was 
similar up to 60 days of culture, then T. solium postoncospheral stage 
started to die and T. saginata grew for up to 180 days and developed to 
cysticerci. In the second experiment, we inoculated rats, intracranially, with 
oncospheres and postoncospheral stage of T. solium and T. saginata. 
Rats that were infected with T. solium oncosphere and postoncospheral 
stage developed neurocysticercosis whereas rats infected with T. saginata 
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oncosphere and postoncospheral stage did not develop neurocysticercosis. 
In conclusion, an in vitro assay could permit in the future to compare the 
molecules and proteins that are expressed by T. solium and T. saginata. 
An in vivo model could permit in the future to study at which moment T. 
saginata loses the ability to cause neurocysticercosis.

1039
TRANSMISSION DYNAMICS OF TAENIA SOLIUM AND 
CYSTICERCOSIS IN PIGS AND HUMANS IN BURKINA FASO

Ashley L. Sword-Buster, Helene Carabin
University of Oklahoma Health Sciences Center, Oklahoma City, OK, United 
States

A transmission dynamics model of Taenia solium and the resulting 
infections of taeniasis and cysticercosis is explored using a mixed model 
which combines both density dependence and a frequency dependent 
Who Acquires Infection From Whom matrix similar to those used to 
model sexually transmitted infections. This approach aims to address the 
differences in the way that pigs acquire infection versus the way that 
humans become infected and the interaction between the two in a way 
that, to our knowledge, has yet to be addressed. This model assumes that 
a pig’s likelihood of acquiring infection is dependent on the density of the 
human population, and that seasonality plays an important role in the rate 
that porcine cysticercosis is acquired. The model also assumes the contact 
of humans with infected meat; and then subsequently each other; is not 
homogeneous. Individuals of a lower socio-economic status are modeled 
to be more frequently in contact with infected meat, as well as additionally 
at higher risk for spreading the disease through contamination to others 
following food preparation. Verification of the model using serum samples 
from pigs and humans testing for cysticercosis and taeniasis collected from 
Burkina Faso will allow for not only the verification and more complete 
understanding of the transmission dynamics of this disease, but also the 
feasibility of this novel modeling approach.

1040
INJECTIONAL ANTHRAX AMONG HEROIN USERS: A VIEW 
FROM THE AMERICAS

Varun Gopinath1, David Adams2

1ASU, Savannah, GA, United States, 2ASU/Medical College of Georgia, 
Savannah, GA, United States

Anthrax is caused by Bacillus anthracis, a Gram-positive, rod-shaped 
bacterium that is the only obligate pathogen in the large genus Bacillus. 
The disease can manifest in four forms including: cutaneous, inhalational, 
gastrointestinal, and, more recently, injectional. “Injectional anthrax is 
a form of anthrax infection that is receiving increasing attention after 
a single strain caused an outbreak in Europe left over 130 infected 
and at least 19 individuals dead.” Cases involving this new form of 
anthrax involve people who inject drugs (PWIDs) who have been found 
to use anthrax-contaminated heroin. “Important differences between 
cutaneous and injectional anthrax have included an increased risk of 
shock and a higher mortality rate despite antibiotic therapy (<1% versus 
34% respectively).” Literature on the European outbreak highlight the 
belief that natural contamination of the heroin supply occurred as it was 
transported and/or processed through anthrax endemic regions of the 
Middle East. Surveillance of the illicit heroin supply for future anthrax 
contamination is therefore of concern. The United Nations Office on Drugs 
and Crime (UNODC) estimates that in 2011 a total of 14.0 million (range: 
11.2 million to 22.0 million) people injected drugs worldwide, which 
corresponds to 0.31 per cent (range: 0.24-0.48 per cent) of the population 
aged 15-64.” These people are potential at-risk individuals for injectional 
anthrax. This study will specifically look into the possibility of anthrax 
contamination of the illicit heroin supply within North America using the 
European outbreak as a model. The importance of this study comes from 
the fact that North America has a large percentage of the world’s PWIDs, 
having 2 million people vulnerable to a lethal form of anthrax infection. As 

there is gap in the literature as to how anthrax contamination could affect 
other illicit heroin markets other than Europe, this hypothetical piece views 
the possibility of anthrax contamination within North American PWIDs.

1041
ETIOLOGY OF PEDIATRIC FEVER IN WESTERN KENYA: 
A CASE-CONTROL STUDY OF FALCIPARUM MALARIA, 
RESPIRATORY VIRUSES, AND STREPTOCOCCAL PHARYNGITIS

Jeremiah Laktabai1, Wendy Omeara2, Joshua Mott3, Kabura 
Wamburu3, Barry Fields3, Janice Armstrong1, Steve Taylor4, Charles 
McIntyre2, Reeshi Sen2, Diana Menya1, William Pan4, Brady 
Nicholson5, Christopher Wood4, Thomas Holland6

1Moi University, Eldoret, Kenya, 2Duke University, Durham, NC, United 
States, 3Centers for Disease Control and Prevention, Nairobi, Kenya, 4Duke 
Global Health Institute, Durham, NC, United States, 5Durham Veterans 
Affairs Medical Center, Durham, NC, United States, 6Duke University 
Medical Center, Durham, NC, United States

In Kenya, >10 million episodes of acute febrile illness are treated annually 
among children under five. Most are clinically managed as malaria 
without parasitological confirmation. There is an unmet need to describe 
pathogen-specific etiologies of fever. We enrolled 370 febrile children and 
184 healthy controls. We report demographic and clinical characteristics 
of patients with Plasmodium falciparum, group A streptococcal (GAS) 
pharyngitis, and respiratory viruses (influenza A&B, respiratory syncytial 
virus, parainfluenza types 1-3, adenovirus, human metapneumovirus), as 
well as those with undifferentiated fever. 79.7% of febrile children were 
treated for malaria. However, P. falciparum was detected infrequently 
in both cases and controls (14/268 [5.2%] vs. 3/133[2.3%],p=0.165), 
whereas 41%(117/282) febrile children had a respiratory viral infection, 
compared to 24.8%(29/117) controls (p=0.002). Only 9/515(1.7%) 
children had streptococcal infection. Of febrile children, 22/269(8.2%) 
were infected with >1 pathogen, and 102/275(37.1%) had fevers of 
unknown etiology. Respiratory viruses were common in both groups, but 
only influenza or parainfluenza was more likely to be associated with 
symptomatic disease (attributable fraction 67.5% and 59%, respectively). 
Malaria was over-diagnosed and over-treated. Few children presented to 
the hospital with GAS pharyngitis. An enhanced understanding of carriage 
of common pathogens, improved diagnostic capacity, and better-informed 
clinical algorithms for febrile illness are needed.

1042
THE PREVALENCE OF ANAEMIA IN CHILDREN UNDER FIVE 
YEARS OLD LIVING IN THE AREA OF INTERVENTION OF THE 
AMAZON HOPE MEDICAL PROGRAM, PERÚ

Ronald Ramirez1, Oscar M. Linárez1, Tom Wingfield2

1Union Biblica Peru and Amazon Hope Medical Project, Iquitos, Peru, 
2Universidad Peruana Cayetano Heredia, Lima, Peru and Imperial College 
London, London, United Kingdom

The Amazon Hope medical boat health program offers primary medical 
care and health promotion to 167 communities of the Peruvian Amazon 
in four of its river regions (Amazonas, Tigre, Puinahua, and Ucayali). 
The subsistence farming and fishing communities in these regions have 
high rates of poverty and infant morbidity, including diarrhoeal disease 
and stunted growth. Despite this, there is limited research on anaemia 
and parasite infection in the area. We aimed to assess the prevalence of 
anaemia in children from rural Peruvian Amazonian communities who 
access care from the Amazon Hope medical boat. 1421 children in the 
study site were randomly selected to participate. Inclusion criteria were 
being a child from 6 to 59 months whose guardian gave informed consent 
to participate. All consenting participants underwent a haematocrit 
analysis undertaken by a laboratory technician aboard the Amazon Hope. 
Anaemia was defined as a haematocrit percentage <33%. Prevalence of 
anaemia in participants was high (89%), regardless of gender. The highest 
prevalence of anaemia was found in children aged between 6-11 months 
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(96.9%) followed by 12-33 months (90.8%). The prevalence of anaemia in 
children aged two, three, and four years was 86.6%, 87.4%, and 83.7% 
respectively. The Rio Tigre had the highest rate of anaemia (93%) followed 
by the Ucayali (90%), Puinahua (89%) and Amazonas (83%). This study 
demonstrates a previously undocumented high prevalence of anaemia 
in the children of isolated Peruvian Amazonian communities attending 
a medical boat clinic. The reasons behind this high prevalence are likely 
to be inter-related with the extreme poverty found in the region, which 
can cause: poor nutrition (including iron deficiency) and high burden 
of gastrointestinal parasites. Interventions are required to combat this 
previously unidentified health need and thus prevent associated long-term 
sequelae such as stunted growth and impaired immunity.

1043
LOW-COST SYSTEM FOR PERFORMING A WHITE BLOOD 
CELL COUNT AND 3-PART DIFFERENTIAL AT THE POINT-OF-
CARE

Catherine E. Majors, Michal Pawlowski, Tomasz Tkaczyk, 
Rebecca Richards-Kortum
Rice University, Houston, TX, United States

The ability to perform a white blood cell (WBC) count and differential is 
an important laboratory diagnostic test. However, the current methods for 
performing a WBC count and differential in high-resource settings are not 
feasible for use in low-resource settings due to high cost and infrastructure 
requirements. There is a particular need for affordable tools to measure 
the WBC count and differential at the point-of-care in such settings. To 
meet this need, we developed a portable microscope and disposable 
cartridge that can be used at the point-of-care to perform a WBC count 
and 3-part differential using 20 uL of blood obtained from a fingerprick. 
The device is inexpensive, can be deployed at the bedside, and results are 
available within 60 seconds. The cartridge, which is composed of a glass 
slide, a layer of transfer tape, and a glass cover slip with laser cut inlet 
and outlet ports, contains a well in which acridine orange is pre-dried. 
Blood from a fingerstick is drawn into the well via capillarity and WBCs are 
stained with acridine orange, staining nuclei green and granules red. The 
cartridge can then be imaged using a portable fluorescence microscope; 
the image is analyzed automatically to report the WBC count and the 
percentages of granulocytes, monocytes, and lymphocytes to the user in 
less than one minute. This is achieved by a novel image analysis program 
that identifies the WBCs in the field of view and classifies them into the 
WBC subtypes based on the red and green pixel intensity within each cell. 
Preliminary results from testing the cartridge and microscope device with 
9 normal capillary samples have shown promising results with all samples 
tested falling within ±15% the true WBC value. Further, the differential 
data also correlates strongly with the true values with an overall R-squared 
value of 0.85. We estimate that, at production scale, the portable 
microscope can be developed for under $800 and the cartridge device for 
less than $0.50.

1044
EPIDEMIOLOGY OF REINFECTION BY LEPTOSPIROSIS IN NEW 
CALEDONIA: A FIVE-YEAR PROSPECTIVE STUDY

Gilles Guerrier
Hôpital Cochin, Université Paris Descartes, Paris, France

In endemic areas, recurrent episodes of leptospirosis remain scarcely 
described. The objective of the study was to assess incidence, 
characteristics and risk factors of reinfection by leptospirosis in a large 
at-risk population. We performed a longitudinal study to capture patients 
admitted for leptospirosis more than once over a 5-year period (2007-
2011) in New Caledonia. Of 716 episodes of confirmed leptospirosis 
recorded among 707 individuals, 9 cases of reinfection (incidence rate 
1.3%) were identified. All recurrent episodes occurred in adults who 
presented with fever (100%), jaundice (100%), conjunctival suffusion 
(55%), headache (78%), and myalgia (78%). Renal function impairment 

was noted in 5 (55%) cases. No Weil disease nore fatality case were 
observed. The mean time elapsed between the two episodes was 23 
months. The serogroup was identified in 8 recurrent cases and was similar 
to the previous episode in 6 (75%) cases. There was no difference in 
behavioural changes after the first infection between people experiencing 
recurrent episodes and the other. Although recurrent episodes of 
leptospirosis appeared to be rare and non severe, prompt administration of 
standard antibiotic therapy is required in reinfection. Similar environmental 
factors for both reinfected and non reinfected patients suggest the 
potential role played by individual factors in the physiopathology of 
the disease. However, reinforced public health campaigns should help 
preventing both infection and reinfection to occur.

1045
FIRST ESTIMATES OF THE DISEASE BURDEN OF 
PODOCONIOSIS IN ETHIOPIA

Kebede Deribe1, Jorge Cano2, Melanie J. Newport1, Nick 
Golding3, Rachel L. Pullan2, Heven Sime4, Abeba Gebretsadik4, 
Ashenafi Assefa4, Awoke Misganaw5, Amha Kebede4, Asrat Hailu6, 
Maria P. Rebollo7, Oumer Shafi8, Moses J. Bockarie9, Abraham 
Aseffa10, Mohsen Naghavi5, Simon I. Hay3, Richard Reithinger11, 
Fikre Enquselassie12, Simon J. Brooker2, Gail Davey1

1Brighton and Sussex Medical School, Brighton, United Kingdom, 2Faculty 
of Infectious and Tropical Diseases, London School of Hygiene & Tropical 
Medicine, London, United Kingdom, 3Wellcome Trust Centre for Human 
Genetics, University of Oxford, Oxford, United Kingdom, 4Ethiopian Public 
Health Institute, Addis Ababa, Ethiopia, 5Institute for Health Metrics 
and Evaluation, University of Washington, Seattle, WA, United States, 
6School of Medicine, Addis Ababa University, Addis Ababa, Ethiopia, 7Task 
Force for Global Health, Decatur, GA, United States, 8Federal Ministry of 
Health, Addis Ababa, Ethiopia, 9Centre for Neglected Tropical Diseases, 
Liverpool School of Tropical Medicine, Liverpool, United Kingdom, 
10Armauer Hansen Research Institute/ALERT, Addis Ababa, Ethiopia, 11RTI 
International, Washington, DC, United States, 12School of Public Health, 
Addis Ababa University, Addis Ababa, Ethiopia

Ethiopia has the highest burden of podoconiosis globally, yet the 
geographical distribution and burden of the disease is poorly understood: 
no up-to-date, nationwide survey data were available and the appropriate 
measure of disease burden has yet to be defined. A commonly used 
standardized measure of disease burden is the disability-adjusted life years 
(DALYs) metric which combines years lost due to premature mortality 
(YLLs) and years lived with disability (YLDs). Currently there are no YLDs 
or DALYs estimates for podoconiosis. We report the results of a recent 
nationwide mapping of podoconiosis in Ethiopia, plus additional work 
providing estimates of YLDs for podoconiosis - both provide an estimate 
for the population at risk and the disease burden of podoconiosis in 
Ethiopia, and will be the first ever countrywide estimate of disease burden 
due to podoconiosis. Our analyses are based on data arising from the 
integrated mapping of podoconiosis and lymphatic filariasis (LF) conducted 
in 2013, supplemented by data from an earlier mapping of LF in western 
Ethiopia in 2008-2010. Data are available for 141,238 individuals from 
1,442 communities in 775 districts from all regional states in Ethiopia. The 
proportion of people with podoconiosis was 4.0 % (95% CI; 3.9-4.1%) 
overall and ranged from 0% to 8.6% in regional states. Using boosted 
regression tree modelling and a suite of environmental variables we 
estimated that 34.9 million people are at risk of podoconiosis in Ethiopia. 
Using the Bayesian meta-regression method, DisMod-MR, employed by 
the Global Disease Burden (GBD) 2010 study, we estimate the YLDs due to 
podoconiosis. Results will be reported on the number of people affected 
with podoconiosis in Ethiopia, and YLDs will be calculated as prevalence 
of podoconiosis by age, sex and weighted by disability weights for 
lymphoedema. Estimates of uncertainty will be presented at all stages of 
the analysis. Finally, we will compare the YLDs for podoconiosis with other 
priority health problems in Ethiopia and discuss the implications for policy 
and planning.
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1046
CANDIDA AND BACTERIA RELATED VAGINITIS AMONG 
FEMALE SENIOR HIGH STUDENTS IN NAVRONGO, GHANA

Eunice Essel, Yaw Frimpong Mensah, Seth Asamoah
Department of Applied Biology, University for Development Studies, 
Navrongo, Ghana

Vaginal candidiasis affects most females during their lifetime, with 
approximately 50% having two or more episodes. Most cases are caused 
by Candida albicans (85%-90%). It is the second most common cause 
of vaginitis. On the other hand, Bacterial vaginosis is an imbalance of 
the vaginal bacterial microbiota and its etiology is still unknown. It is a 
common condition afflicting mostly women in their reproductive age. The 
study was conducted to assess the incidence of Candida and bacteria 
related vaginitis among female senior high students. Seventy-two high 
vaginal swabs were obtained from consenting students for laboratory 
analysis and a structured questionnaire administered to assess symptoms, 
risk factors and demographic information. Methods employed in 
laboratory analysis included wet mount, whiff test, clue cell test, pH test, 
Gram staining and culture. The results revealed 40% (29) of participants 
were infected with Candida vaginitis while 14% (10) were diagnosed 
with bacteria vaginosis. Lactobacilli which are supposed to be a normal 
flora in a healthy vagina were isolated in only 29% (21) of the participant 
who were between the ages of 14 to 22 years. For symptoms, 100% (72) 
of the participants had vaginal discharge. 68% (49), 63% (45) and 18% 
(13) had itching, irritation and burning sensation respectively. Among 
the risk factors sexual activity recorded the highest 76% (55), 61% (44) 
douched and 32% (23) were on antibiotics. The incidence of Candida 
vaginitis especially is high in the study population and this may be due to 
few participants having Lactobacilli isolated from their vagina and may also 
explain the incidence of bacteria vaginosis.

1047
‘IT COULD BE VIRAL BUT YOU DON’T KNOW, YOU HAVEN’T 
DIAGNOSED IT’: CHALLENGES IN MANAGING NON-MALARIA 
PEDIATRIC FEVERS IN THE LOW TRANSMISSION SETTING OF 
MBARARA DISTRICT, UGANDA

Emily White Johansson1, Freddy Eric Kitutu1, Chrispus Mayora2, 
Stefan Swartling Peterson1, Henry Wamani2, Helena Hildenwall3
1Uppsala University, Uppsala, Sweden, 2Makerere University, Kampala, 
Uganda, 3Karolinska Institutet, Stockholm, Sweden

In 2012, Uganda initiated nationwide deployment of malaria rapid 
diagnostic tests (mRDT) as recommended by revised national guidelines. 
The shift from presumptive malaria treatment of pediatric fevers to test-
based management has great potential to improve quality fever care. 
Yet studies show common mRDT non-compliance, which has spurred 
calls to deploy mRDT as part of enhanced training packages that include 
integrated fever management protocols. An understanding of how health 
workers currently manage non-malaria fevers and challenges faced in 
this work should also inform efforts. A qualitative study was conducted 
in the low-transmission area of Mbarara District in Uganda where most 
fevers are not due to malaria. In-depth interviews with a purposive 
sample of 20 health workers at lower level clinics focused on mRDT 
perceptions, strategies to differentiate non-malaria fevers, influences on 
clinical decisions, desires for additional diagnostics, and dilemmas faced 
in this work. Differential diagnosis strategies included studying fever 
patterns, taking histories, assessing symptoms, and analyzing contextual 
factors (e.g. child’s age or home environment). If no alternative cause was 
found, malaria treatment was often prescribed despite a negative result. 
Other reasons for malaria over-treatment included mRDT mistrust; mRDT 
misperceptions (‘for RDTs to become positive it might take like three days 
[from illness start]’); caregiver demands and system constraints, notably 
working alone without opportunity to confer on difficult cases. Many 

health workers expressed uncertainty about how to manage non-malaria 
fevers, feared doing wrong and patient death, worried caregivers would 
lose trust, or felt unsatisfied without a clear diagnosis. Enhanced support 
is needed to improve mRDT adoption at lower level clinics that focuses on 
how to manage non-malaria fevers. This includes facilitating peer-learning 
networks, correcting mRDT misperceptions, building trust in negative 
results, and reinforcing integrated care initiatives (IMCI/iCCM) to improve 
mRDT compliance, rational drug use and quality fever management.

1048
COMPARING THE USE OF PERSONAL PROTECTIVE 
MEASURES FOR MOSQUITO-AVOIDANCE DURING TRAVEL 
TO REGIONS WITH DENGUE OR CHIKUNGUNYA ACTIVITY, 
AND REGIONS ENDEMIC FOR PLASMODIUM FALCIPARUM 
MALARIA

Tahaniyat Lalani1, Mark D. Johnson2, Anuradha Ganesan1, 
Heather Yun3, Jamie Fraser1, Edward Grant1, Timothy Burgess4, 
Robert G. Deiss1, David Tribble1

1Infectious Disease Clinical Research Program, Uniformed Services 
University of the Health Sciences, Bethesda, MD, United States, 2Naval 
Medical Center - San Diego, San Diego, CA, United States, 3San Antonio 
Uniformed Services Health Education, Fort Sam Houston, TX, United 
States, 4Walter Reed National Military Medical Center, Bethesda, MD, 
United States

The recent outbreak of chikungunya in the Caribbean highlights the 
importance of personal protective measures (PPM) in preventing mosquito-
borne febrile illnesses that lack effective treatment. We compared the 
use of PPM in Department of Defense beneficiaries traveling to areas in 
the Caribbean with dengue or chikungunya activity, to those traveling 
to areas of Africa with high  Plasmodium falciparum endemnicity. 
Individuals presenting to 4 US military travel clinics were prospectively 
enrolled. Participants completed a post-travel survey documenting the 
use of PPM, and the frequency and timing of mosquito bites. Participants 
traveling to regions in Africa with high malaria endemnicity (P. falciparum 
parasite rate [PfPR2-10] > 35%) or regions in the Caribbean with minimal 
or no risk of malaria, but with documented chikungunya or dengue 
activity were included. Compliance with PPM was defined as frequent 
or daily use of insect repellant on skin, and use of a repellant on clothes. 
Multivariate regression was performed to evaluate factors associated 
with PPM compliance. Between 2010 and 2015, 1723 enrolled travelers 
completed a post-travel survey, of which 186 traveled to highly-endemic 
malarious regions of Africa, and 148 traveled to regions in the Caribbean 
with chikungunya or dengue activity. A significantly greater proportion 
of participants traveling to malaria-endemic regions reported seeing 
mosquitoes (87% vs 56%) and experiencing mosquito bites (65% vs. 
47%). Travelers to the Caribbean reported mosquito bites during the 
day more frequently than travelers to malaria-endemic regions (76% vs. 
39%) (p < 0.05 for all comparisons). Compliance with PPM was associated 
with travel to areas with chikungunya or dengue activity (24% vs. 13%; 
OR: 1.58 [95% CI 1.05-2.39]), and travel for a military mission (49% vs. 
8%; OR: 5.52 [95% CI: 3.11-9.79]) on multivariable analysis. Overall, we 
observed poor compliance with PPM in travelers, although compliance was 
significantly higher in travelers going to areas with dengue/chikungunya 
activity. Additional studies and interventions aimed at improving 
compliance with PPMs are needed.
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1049
USE OF ELECTROCARDIOGRAM TO EVALUATION SAFETY OF 
ANTIMALARIAL DURING POST LICENSURE SURVEILLANCE IN 
AFRICA-MODELLING OF PATIENTS ECG

Abdunoor M. Kabanywanyi1, Rita Baiden2, Ali Ali3, Muhidin K. 
Mahende4, Abraham Oduro5, Tinto Halidou6, Margaret Gyapong7, 
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Bernhards Ogutu2, Alex Adjei7, Guillaume Compaoré8, Innocent 
Valea6, Isaac Osei5, Abena Yawson10, Martin Adjuik2, Raymond 
Akparibo2, Mwaka Athmani1, Salim Abdulla1, Fred Binka11
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Health Research Centre, Dodowa, Ghana, 8Nouna Health Research Centre, 
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Current use of Dihydroartemisinin/piperaquine [DHA/PQP] for the 
treatment of uncomplicated malaria infection in vulnerable groups with 
cardiogenic problem requires more supportive safety data. One of the most 
outstanding side effect of DHA/PQP is its negative electrocardiographic 
(ECG) effect on heart rhythm through prolongation of the QT intervals. 
There is at present scarce toxicity data of ECG to warrant greater use of 
DHA/PQP in cardiogenic arrhythmic predisposed individuals. PQP is the 
fat soluble part of DHA/PQP that is responsible for belated ventricular 
depolarization hence QT prolongations. We conducted an ECGs safety 
assessment at baseline before intake of DHA/PQP and during subsequent 
doses as well on day seven in a 7 months multicentre antimalarial study. 
Laboratory analyses included haematology, biochemistry and population 
pharmacokinetics. We hereunder report a descriptive details of the QTc 
intervals changes during the trial together with modelling of QTc outcome 
using a linear mixed model. Overall 1315 patients gave consent of which 
only 1002 (76.2%) were eligible. A comparison of mean QTcf at baseline 
(383.3 ms) and during subsequently follow up records was 395.1 before 
drug intake and 402.3 after drug intake on day 3 and the resultant QTcf 
on day 7 was restored to baseline of 387.3 ms. Mean QTcf in patient from 
Ghana was significantly higher compared to other three countries (Burkina 
Faso, Tanzania and Mozambique). In a multivariate model a unit increase 
in total bilirubin and body mass index was associated with a decrease 
for nearly 10% and 50% of mean QTcf intervals respectively. Plasma 
drug concentration on day 3 and day 7 was recorded preliminary results 
is expected before ASTMH in October. This study demonstrated DHA/
PQP is not cardiogenic unsafe in children and adults at normal dose with 
uncomplicated malaria in Africa.

1050
A CLINICAL PREDICTION MODEL OF IN-HOSPITAL 
MORTALITY DERIVED FROM PATIENTS ADMITTED WITH 
ACUTE INFECTION TO A REGIONAL REFERRAL HOSPITAL IN 
MBARARA, UGANDA

Kacie J. Saulters1, Arjun Shankar1, Albert Majwala2, Richard 
Ssekitoleko2, Mary Auma2, Susan Adakun2, Abigail Flower1, Laura 
E. Barnes1, Christopher C. Moore1

1University of Virginia, Charlottesville, VA, United States, 2Mbarara 
University of Science and Technology, Mbarara, Uganda

Clinical early warning scores (EWS) used in resource-rich settings (RRS) 
to predict mortality due to sepsis may not be applicable to resource-
limited settings (RLS) due to a lack of laboratory infrastructure and 
population differences. Therefore, we created a prediction model 
of in-hospital mortality for use in RLS based on data from patients 

admitted with suspicion of infection to Mbarara Regional Referral 
Hospital (MRRH) located in Southwestern Uganda. We imputed missing 
data (range<0.5-30%) for temperature, white blood cell count (WBC), 
hemoglobin, platelets, and lactic acid using a k-nearest neighbors 
algorithm. We used multivariable logistic regression with 10-fold cross 
validation to create the model. We compared our model to the Modified 
Early Warning Score (MEWS) and CRB-65 which have been validated in 
RRS. The study included 1089 patients with a median (IQR) age of 34 
(27-45) and which was 47% female. There were 755 (69%) HIV-infected 
patients with a median (IQR) CD4 count of 80 (20-201). Tuberculosis was 
suspected or confirmed in 67%, 36% had suspected meningitis, and 35% 
had a suspected pulmonary source. In-hospital mortality was 26% and 
30-day mortality was 61%. Median (IQR) length of hospital stay was 6 
days (3-10). Glasgow coma score (p<0.0001), respiratory rate (p<0.001), 
temperature (p<0.001), mean arterial pressure (p=0.001), WBC (p=0.001), 
hemoglobin (p=0.001), and lactic acid (p=0.001) were associated with 
increased mortality in the multivariable model. The AUC for the model 
without laboratory values was 0.70 and improved slightly to 0.71 with 
laboratory values. The AUC was 0.66 for MEWS and 0.64 for CRB-65. 
The AUC for a model that included HIV sero-status (n=992) was 0.77. 
In conclusion, our derived clinical model showed good ability to predict 
in-hospital morality in this special population of alarmingly young and 
critically ill patients. Improved predictive models for mortality from critical 
illness in RLS are needed to accelerate early interventions and improve 
morbidity and mortality in this population.

1051
ADMISSION EEG FINDINGS IN AFRICAN CHILDREN WITH 
CEREBRAL MALARIA ARE ASSOCIATED WITH MORTALITY, 
MORBIDITY, AND MALARIAL RETINOPATHY

Douglas G. Postels1, Xiaoting Wu1, Chenxi Li1, Karl B. Seydel1, 
Peter Kaplan2, Terrie E. Taylor1, Robert Opoka3, Youssef Kousa1, 
Gretchen L. Birbeck4, Chandy H. John5

1Michigan State University, East Lansing, MI, United States, 2Johns Hopkins 
University, Baltimore, MD, United States, 3Makerere University, Kampala, 
Uganda, 4University of Rochester, Rochester, NY, United States, 5Indiana 
University, Indianapolis, IN, United States

The spectrum and implication of electroencephalographic (EEG) findings 
in children with cerebral malaria (CM) has been described in case reports 
and small case series, but to date there has been no large study assessing 
these findings in children in more than one site or comparing findings 
in children with and without malarial retinopathy . In the present study 
we characterized and compared admission EEG findings in Malawian 
and Ugandan children with CM, identified EEG factors associated with 
mortality or adverse neurological outcome in survivors, and compared EEG 
findings in patients of differing malarial retinopathy status. We reviewed 
admission EEG tracings from 281 hospitalized children with clinical CM, 
122 from Uganda and 159 from Malawi, admitted between December 
2008 and January 2012. Tracings were interpreted by neurologists blinded 
to the patient’s outcome and retinopathy status. The risk of death was 
lower in those with EEG vertex waves (odds ratio (OR)= 0.15, 95% 
confidence interval (CI): 0.03, 0.87), higher maximal voltage, and higher 
average background frequency. EEGs with an increased proportion of 
epochs with spindles were associated with a lower likelihood of death. A 
generalized voltage attenuation to painful stimulation decreased the odds 
of death compared to those with no EEG reaction to stimulation (OR= 
0.33, 95%CI: 0.11, 0.98). The presence of electrographic seizures was 
not associated with mortality but was associated with an increased odds 
of a neurologic deficit in survivors at discharge (OR= 12.5, 95%CI: 2.8, 
56.2). Children with malarial retinopathy were more likely to have EEG 
variability, absence of spindles, and a non-attenuated reaction to painful 
stimulation (all p < 0.05). Specific EEG findings in children with CM are 
associated with mortality, neurologic deficits, and the presence of malarial 
retinopathy. In pediatric CM, brain pathways associated with death likely 
differ from those associated with neurologic morbidity in survivors.
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1052
REPRODUCTIVE HEALTH: BURDEN OF SEXUALLY 
TRANSMITTED INFECTIONS IN MACHALA, ECUADOR

Abigail G. Fessler1, Saurabh Mehta1, Efraín Beltrán-Ayala2, 
Anita L. Arichábala Wilches2, Anna M. Stewart-Ibarra3, Julia L. 
Finkelstein1

1Cornell University, Ithaca, NY, United States, 2Ministry of Health, Machala, 
Ecuador, 3SUNY Upstate Medical University, Syracuse, NY, United States

Over one million people acquire a sexually transmitted infection (STI) every 
day worldwide. Sexually transmitted infections are a major threat to public 
health in Latin America. The objective of this analysis was to examine the 
burden of sexually transmitted infections, including viral, protozoan, and 
bacterial infections, in Machala, Ecuador, a coastal city located in southern 
Ecuador. A total of 398,919 records were analyzed from a citywide 
epidemiological database of patient clinic visits in Machala, Ecuador, in 
2014. Binomial regression was used to examine the associations of sexually 
transmitted infections with socio-demographic factors. There were a total 
of 1,432 cases of sexually transmitted infections in Machala in 2014. Viral 
infections, including herpes, hepatitis B, HIV, and human papillomavirus 
(HPV), were the most commonly reported, comprising 46.8% of the total 
STI cases, followed by protozoan (38.1%) and bacterial (15.1%) infections. 
Trichomoniasis, HIV, and herpes accounted for more than half of all cases 
of sexually transmitted infections. Although the burden of syphilis was 
relatively low, it accounted for 86.6% of bacterial infections. Women had 
a two-fold greater risk of presenting with sexually transmitted infections, 
compared to men (RR: 1.91, 95% CI: 1.71-2.12, p<0.0001); the risk was 
even higher for women of reproductive age (15-49y) (RR: 5.50, 95% 
CI: 4.75-6.36, p<0.0001), compared to women of other age groups. 
Although men had a lower risk of presenting with a sexually transmitted 
infection (p<0.05), they had a three-fold greater risk of HIV infection (RR: 
3.10, 95% CI: 2.48-3.89, p<0.0001), compared to women. The burden 
of sexually transmitted infections is relatively high in coastal Ecuador, 
particularly among women of reproductive age. Future surveillance efforts 
are needed among women of reproductive age that integrate sexually 
transmitted infection screening with reproductive and perinatal health care 
in this setting.

1053
IDENTIFICATION OF RICKETTSIA SPP INFECTION IN PATIENTS 
WITH CLINICAL SUSPICION OF LEPTOSPIROSIS: APPLICATION 
OF MOLECULAR TECHNIQUES IN A CASE SERIES

Doris E. Gómez-Carmago1, Pedro Blanco2, Gustavo Mora-
García1, Margareth Paternina2, Libardo Caraballo2

1Universidad de Cartagena, Cartagena, Colombia, 2Universidad de Sucre, 
Sincelejo, Colombia

Leptospirosis is a public health problem on the Colombian Caribbean 
Coast. In Cartagena, a major city in this region, this disease is endemic 
with high annual lethality. In clinical practice, differential diagnosis 
of leptospirosis with others icteric febrile syndromes is crucial to an 
appropriated therapeutic approach. Nevertheless, high complexity hospitals 
employ only serological test to confirm suspicious cases, with an elevated 
frequency of undetermined results. Therefore, the aim of this study was to 
apply molecular techniques in patients under leptospirosis suspicion. It was 
carried out a case series study with adults in 2013 last trimester. Patients 
with clinical manifestations and positive/undetermined results in serological 
test for leptospirosis were included. We used Polymerase Chain Reaction 
to detect Leptospira spp from blood samples with specific primers that 
amplify a DNA segment from the lipl32 gen. A total of 9 patients were 
included (3 women, 6 men). IgM test for leptospirosis was positive in 5 
subjects and undetermined in 4 others. A 423pb product was expected, 
however only 3 samples showed an amplicon of 358pb. When those DNA 
fragments were sequenced, none of them were part of Leptospira spp. 
genome. Thereafter, samples were amplified for Riskettsia spp. by nested 
PCR for the OmpB gene. Seven samples were positive (420pb amplicon). 

These samples were also positive for Rickettsia spp 17KDa gene (230pb 
amplicon). According to these results, in spite of high clinical suspicion 
in a scenario were physicians are familiarized with leptospirosis, lacking 
of specific tests could lead to misdiagnosis. On this particular situation, 
considering that therapeutic approaches between leptospirosis and 
rickettsiosis are mainly divergent, a permanent protocol for differential 
diagnosis would be a major advance in reducing diseases burden. Also, 
this case series study revealed an apparently silent public health threat by 
rickettsiosis.

1054
CHIKUNGUNYA FEVER IN THE CARIBBEAN: CLINICAL 
FINDINGS FROM GRENADA

A. Desiree LaBeaud1, Trevor Noel2, Donald Jungkind2, Katherine 
Yearwood2, Paul Fields3, Susana Widjaja2, George Mitchell4, 
Monika Simmons5, Dolland Noel2, Satesh Bidaisee2, Todd Myers5, 
Calum Macpherson2

1Stanford University, Stanford, CA, United States, 2St. George’s University 
School of Medicine, St. George’s, Grenada, 3Windward Islands Research 
and Education Foundation, St. George’s, Grenada, 4Ministry of Health, St. 
George’s, Grenada, 5Naval Infectious Diseases Diagnostic Laboratory, Silver 
Spring, MD, United States

Chikungunya virus (CHIKV) made its debut in the Americas during a 
large outbreak in the Caribbean from 2013-2014. The tri-island nation of 
Grenada was severely affected. The objective of this study was to evaluate 
the demographic features and presenting symptoms of those patients with 
suspected and/or confirmed CHIKV infection in Grenada. Patients with 
fever (>38.0°C) and symptoms consistent with CHIKV were enrolled at 
health facilities throughout Grenada. Survey data and serum samples were 
collected. Sera were tested for CHIKV and dengue virus using real-time 
PCR and for anti-CHIKV IgM by ELISA. Sera from 493 suspected cases were 
collected from mid-July until early October 2014 from Grenada, Carriacou, 
and Petit Martinique. Sixty-six percent were female and the mean age was 
37.3 (range 0.1-92) years. The most common reported symptoms included 
joint pain (89%), fever (88%), myalgia (66%), headache (54%), chills 
(50%), and rash (43%). On exam, petechia (5%), gingival bleeding (2%), 
hematuria (1%), bruising (1%), and epistaxis (1%) were also noted. Of the 
487 sera tested by both PCR and IgM ELISA, 87% (N=425) had a positive 
test: 22% (N=94) were PCR positive, 66% (N=282) were IgM positive, and 
12% (N=49) were positive for both. Those positive by PCR had 2.2 days 
of illness vs. 8.1 days if positive by IgM (p<0.001). No DENV was detected 
by PCR in any sample. Confirmed CHIKV cases (aged 0.1-89 years) were 
more likely to present with fever, rash, joint swelling, joint pain, and chills 
(p<0.05) than those who tested negative. Grenada suffered an explosive 
CHIKV outbreak in 2014. IgM testing detected 78% of test positive 
patients while PCR detected only 34%. Fever, rash, joint swelling, joint 
pain, and chills were associated with CHIKV disease. Hemorrhagic signs 
were rare.

1055
SEROPREVALENCE STUDY TO IDENTIFY AGE OF GROUPS 
THAT ARE MOST AT RISK OF DENGUE INFECTION IN 
PIEDECUESTA, AN ENDEMIC MUNICIPALITY OF COLOMBIA

Maria I. Estupiñan Cárdenas1, Isabel Rodriguez Barraquer2, Victor 
M. Herrera Galindo1, Milena Zaraza Moncayo1, Luis A. Villar 
Centeno1

1Centro de Investigaciones Epidemiológicas, UIS., Bucaramanga, Colombia, 
2Johns Hopkins University, Baltimore, MD, United States

Dengue has become an important public health problem because of its 
increased burden and geographic expansion over the last years. Taking 
into account that a vaccine may become available shortly, it is critical to 
characterize the transmission dynamics of the virus at local scales in order 
to design appropriate vaccination policies. The purpose of this study was 
to estimate the age-specific dengue seroprevalence in the population of 
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Piedecuesta, Santander, Colombia, and to explore risk factors for infection. 
Between July and October 2014, we conducted a household based cross-
sectional survey among 1037 individuals aged 2 to 40 years living in 40 
randomly selected locations in urban Piedecuesta. In addition, we also 
enrolled 246 indviduals living in rural “veredas”. Participants were asked 
to answer a questionnaire that included demographic, socioeconomic 
and environmental questions and to provide a 5ml blood sample. Sera 
were tested using the IgG indirect ELISA (Panbio) kit to measure past 
infection by dengue. The average age of participants was 20.73 years (CI 
95%=20.12; 21.33). The overall dengue seroprevalence was 69.8% (CI 
95%= 67.43122; 72.45949), but was significantly higher in urban (81%) 
as compared to rural (22.3%) locations. Age was a major predictor of 
seropositivity, consistent with endemic circulation of the virus. We estimate 
that on average, 11% (95%CI 8%-16%) of susceptible individuals are 
infected by dengue each year. Preliminary analyses also suggest that health 
insurance, occupation and migration are risk factors for infection in both 
rural and urban settings. Additional analyses will explore other factors 
associated with seropositivity. These results show that Piedecuesta is an 
endemic area of DENV transmission, with large heterogeneities between 
urban and rural settings. Findings from this study will inform the design 
of a prospective cohort study among children between 2 and 15 years of 
age. Enrollment for this study is expected to be completed by late 2015, 
and follow-up will continue for 2.5 years.

1056
CLINICAL COMPARISON OF RETINOPATHY-NEGATIVE AND 
RETINOPATHY-POSITIVE CEREBRAL MALARIA

Chandler Villaverde1, Ruth Namazzi2, Robert O. Opoka2, Chandy 
C. John3

1Warren Alpert Medical School at Brown University, Providence, RI, United 
States, 2Global Health Uganda, Kampala, Uganda, 3Indiana University, 
Bloomington, IN, United States

Cerebral malaria (CM), defined as coma in an individual with Plasmodium 
falciparum on blood smear and no other defined cause for coma, is the 
most severe and lethal complication of P. falciparum malaria. A classic 
malaria retinopathy is seen in some (retinopathy-positive, RP) children but 
not others (retinopathy-negative, RN), and is associated with increased 
parasite sequestration. It is unclear whether RN CM is a severe non-
malarial illness with incidental parasitemia or a less severe form of the 
same malarial illness as RP CM. Understanding the clinical differences 
between RP and RN CM may help shed light on the pathophysiology 
of malarial retinopathy. We compared clinical history, physical exam, 
laboratory findings, and outcomes of RP (n=170) and RN (n=91) 
children admitted to Mulago Hospital, Kampala, Uganda. Compared 
to RN children, RP children presented with a longer history of illness, as 
evidenced by longer duration of coma before presentation (p=0.021), time 
since first convulsion (p=0.047), and time since last meal (p<0.001). In 
addition, RP children presented with physical exam and laboratory findings 
indicative of more severe disease and organ damage when compared 
to RN children, including higher levels of respiratory distress, pallor, 
and jaundice; elevated creatinine, BUN, and BUN/Cr ratios; and lower 
hemoglobin levels. The hospital course of RP children was complicated 
by longer coma duration (p<0.001) and a greater transfusion burden 
(p<0.001) than RN children. Mortality did not differ significantly between 
RP and RN children (14.1% vs 8.8%, p=0.21). RP CM is associated with a 
longer history of illness and greater evidence of end-organ damage than 
RN CM. The data suggest that RP and RN CM may reflect the spectrum 
of illness in CM, and that RN CM could be an earlier, less severe form of 
disease.

1057
TREATING CHAGAS DISEASE IN SPAIN: THE EXAMPLE OF A 
“NON-NEGLECTED” TROPICAL DISEASE IN A NON-ENDEMIC 
COUNTRY

Miriam Navarro1, Sonia Tarragona2

1Fundación Mundo Sano, Madrid, Spain, 2Fundación Mundo Sano, Buenos 
Aires, Argentina

Population from endemic areas of Trypanosoma cruzi represents in Spain 
around two million people. Thus, Spain is the most affected country of 
Chagas disease in Europe, and the second globally in terms of infection 
among migrants (after US). Several estimations launch a figure between 
45,000 and 65,000 migrants infected with T. cruzi living in Spain. 
Healthcare access was universal for all people in Spain. Nevertheless, since 
a Royal Decree launched in September 2012, barriers of access to the 
health system have been enhanced, and many migrants are currently in a 
situation of vulnerability. Benznidazole (the first-line treatment option for 
Chagas disease) shortage occurred at the end of 2011 could have made 
Chagas disease a neglected tropical disease also in developed countries. 
We describe the process and results of the re-availability of benznidazole 
in Spain, a non-endemic country of Chagas disease. Database with the 
requested orders of benznidazole from the Spanish hospitals, managed 
by Fundación Mundo Sano and the laboratory that imports the drug from 
Argentina, was analyzed. The drug started to be produced by a different 
laboratory in Argentina in 2012. Since November 2012, benznidazole is 
available in Spain as foreign medication, through the Spanish Drug Agency 
(Agencia Española de Medicamentos y Productos Sanitarios). Fundación 
Mundo Sano is contributing since then to facilitate the access to the 
treatment. Globally, 134 healthcare centers in Spain have requested this 
drug for their patients. In the first 4 months of the re-availability of the 
drug in Spain, around 900 treatments were given (1,738 bottles of 100mg 
and 12 of 50mg). From November 2012 to February 2015, around 3,450 
treatments were administered to patients with Chagas disease (6,703 
bottles of 100mg and 228 u. of 50mg). Fifty-eight percent of the treated 
patients are living in four regions of Spain: Catalonia, Madrid, Murcia 
and Valencia. These data show how Spanish healthcare professionals 
are attending a Neglected Tropical Disease in a non-endemic country, 
contributing to its visibility.

1058
INTERRUPTION OF LYMPHATIC FILARIASIS FOLLOWING 
MASS DRUG ADMINISTRATION IN NORTHEASTERN 
TANZANIA: TRANSMISSION ASSESSMENT SURVEYS (TAS) IN 
LUSHOTO AND MUHEZA DISTRICTS, TANGA

Upendo J. Mwingira
NIMR, Dar es Salaam, United Republic of Tanzania

Lymphatic filariasis (LF) is one of the major tropical diseases affecting 
people living in poverty. It is estimated that LF infects 120 million people 
in more than 80 countries throughout the tropics and sub-tropics. 
One third of those infected live in India, one third in Africa and the 
remainder in South Asia the pacific and the Americas. Mapping was 
done in 2000 in Lushoto and Muheza and Circulating Filarial Antigen 
(CFA) prevalence was 10% and 62% respectively. Tanga region has been 
implementing consecutive Ivermectin Mass Drug Administration (MDA) 
for Onchocerciasis control since 2000 while Ivermectin and Albendazole 
MDA for LF have been conducted since 2004 with reported coverage 
of above 65%. Pre-Transmission Assessment survey conducted in 2012 
revealed that, Muheza had CFA prevalence of 1.6% and Lushoto was 
0.3% and these results warranted Transmission Assessment Survey.A 
community-based household survey was conducted in Lushoto per WHO 
-TAS guideline. A cluster-sampling approach was employed and children 
aged 6-7 years old were sampled in 78 hamlets. For Muheza district, since 
the school attendance rate appeared to be above 75%, sampling was 
done in schools. Children of Grade 1 and 2 were recruited for the study. 
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A blood sample was collected from each child, from finger-prick using a 
100-microlitre capillary tube and tested with ICT. Children found positive 
for CFA were traced to their home for night (between 2100 and 2300 
hours) blood collection for further evidence of filarial infection. Data were 
immediately entered in a mobile smart phones loaded with a simple survey 
questionnaire. In Muheza; A total of number of children enrolled for study 
was 1664, from 33 schools and 13-tested positive for CFA (0.78%). Mf 
count was done to all 13 cases and non-was found positive. For Lushoto;a 
total of 1843 children of 6-7 years old children were tested and non tested 
positive for CFA. These findings warrant both districts of Muheza and 
Lushoto to stop MDA according to the WHO guidelines as they indicate 
interruption of Disease transmission.

1059
LYMPHATIC FILARIASIS MASS DRUG ADMINISTRATION IN 
SEVEN COMMUNES IN AND AROUND METROPOLITAN PORT-
AU-PRINCE, HAITI, MARCH MAY 2014: HAS COVERAGE BEEN 
ATTAINED?

Maximilian P. Nerlander1, Alaine K. Knipes1, Valery Madsen Beau 
de Rochars2, Carl R. Fayette3, Franck Monestime3, Luccene Desir4, 
Abdel N. Direny3, Mary Claire Worrell1, Dismer Amber1, Kristen 
Renneker5, Brian Chu5, Ryan E. Wiegand1, Ezra Barzilay1, LeAnne 
Fox1, Jean F. Lemoine6, Patrick J. Lammie1
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Dame/Hopital St. Croix, Léogane, Haiti, 5The Task Force for Global Health, 
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and Lymphatic Filariasis Control Programs, Port-au-Prince, Haiti

Lymphatic Filariasis (LF) is a parasitic infection endemic to Haiti causing 
lymphedema and hydrocele. The World Health Organization called for LF 
elimination using at least five yearly rounds of mass drug administration 
(MDA) using Albendazole and Diethylcarbamazine with >65% coverage 
of the population at risk. Achieving good coverage in urban settings 
is challenging. In May 2014, Port-au-Prince (PAP) completed its third 
MDA and two nearby communes completed their fourth. The study 
objectives were to assess MDA coverage and knowledge, attitudes and 
practices (KAP) of the population regarding LF MDA. Five communes 
inside and two communes outside PAP were selected using a two-
stage cluster sample design. Thirty clusters per commune were selected 
with probability proportional to estimated size with 10 households per 
cluster. A coverage questionnaire was administered to everyone age ≥2, 
and a KAP questionnaire was administered to one randomly selected 
household member age ≥18. Results were weighted according to cluster 
and household size and analyzed using SAS 9.3. Out of 5145 individuals, 
74% (95% CI 72-76) reported having swallowed medication during the 
2014 MDA. Coverage was 72% in females and 76% in males (p<.0101). 
Coverage was highest in the rural communes (Grand Goâve 81%) and 
Petit Goâve 79%) while Pétionville in the metro area had the lowest 
(64%). Top reasons for noncompliance were drug safety concerns (20%) 
and not being present (15%) or aware (9%) of MDA and losing the pills 
(7%). KAP results revealed that 9% of participants knew LF elimination 
requires 5 years of MDA. The commonest routes for community 
notification of MDA were radio, TV, megaphone and health workers. 
Potentially useful but unexploited messaging routes include community 
meetings, church meetings and public health officials. Results indicate 
that except for Pétionville, the 2014 MDA achieved satisfactory coverage 
in both urban and rural settings. Increased awareness of the duration 
of MDA campaigns may reduce inconsistent participation. Use of newly 
identified routes of communication for awareness of the MDA campaigns 
may assist in improving future compliance.

1060
HOW LONG WILL IT TAKE TO ERADICATE LYMPHATIC 
FILARIASIS? A MODEL-BASED ASSESSMENT ON THE IMPACT 
OF SCALING UP MASS DRUG ADMINISTRATION PROGRAMS

Randee Kastner, Chris Stone, Peter Steinmann, Fabrizio Tediosi
Swiss Tropical and Public Health Institute, Basel, Switzerland

Lymphatic filariasis (LF) is a neglected tropical disease primarily prevalent in 
poor populations in 73 countries. LF is caused by Wuchereria bancrofti, 
Brugia malayi or B. timori transmitted by a variety of mosquito genera. 
Infection with the filarial nematodes can damage the lymphatic vessels, 
leading to lymphedema, hydrocele and elephantiasis. Administration 
of albendazole with ivermectin or diethylcarbamazine (DEC) has been 
shown to reduce circulating microfilariae (MF) to levels that cannot sustain 
transmission. For this reason, LF is one of six diseases considered to be 
potentially eliminable. Accordingly, in 1997 the World Health Assembly 
adopted Resolution WHA 50.29, which calls for the elimination of LF as 
a public health problem, and in 2000, the World Health Organisation 
(WHO) established the Global Programme to Eliminate Lymphatic Filariasis 
(GPELF). However, current efforts appear to aim for elimination in some 
but not all endemic areas. With the 2020 goal of elimination looming, 
we set out to develop plausible scale up scenarios to reach elimination 
and eradication. We predict the duration of MDA necessary to reach 
local elimination for a variety of transmission archetypes using an existing 
model of LF transmission and consider implications of rapid scale up. We 
define four scenarios that differ in their geographic coverage and rate of 
scale up. For each scenario, country specific simulations and calculations 
were performed that took into account the pre-intervention transmission 
intensity, different vector genera, drug regimen, previously achieved 
coverage, previous progress towards elimination, and programmatic 
delays. Our results indicate that eliminating LF by 2020 is uncertain. If 
MDA programmes are drastically scaled up and expanded, the final round 
of MDA could be delivered by 2029. However, if the current rate of scale 
up is maintained, the final round of MDA may not occur until 2050. While 
rapid scale up of MDA will decrease the amount of time required to reach 
eradication, it may also propel the programme towards success, as the risk 
of failure is likely to increase with increased programme duration.

1062
MONITORING COVERAGE OF LYMPHATIC FILARIASIS MASS 
DRUG ADMINISTRATION (MDA) IN TANZANIA

Deogratias Damas1, Paul Erasto2, Maria Chikawe3, Cecilia Uisso3, 
Upendo Mwingira3

1IMA World Health, Dar es Salaam, United Republic of Tanzania, 2National 
Institute for Medical Research, Dar es Salaam, United Republic of Tanzania, 
3Tanzania Neglected Tropical Disease Program, NTD Secretariat, Dar es 
Salaam, United Republic of Tanzania

Successful interruption of the transmission of lymphatic filariasis through 
mass drug administration (MDA) is dependent on achieving a high rate 
of annual consumption of preventive chemotherapy (PCT) among at-risk 
populations. Currently, WHO estimates that 5 years of MDA, achieving 
65% coverage can result in disease elimination in most populations. 
Inadequate coverage rates result in continued disease transmission, and 
likely additional years of MDA. Thus, the Tanzania Neglected Tropical 
Diseases Control Program (TZNTDCP) closely monitors MDA coverage. 
In October 2014 the TZNTDCP carried out an integrated Albendazole 
and Ivermectin MDA campaign in 16 regions of Tanzania jointly with 
the national immunization program. A post-MDA coverage survey was 
conducted in nine randomly selected regions to compare success of 
campaign styles, validate coverage rates reported by PCT distributors, 
determine age and gender specific coverage, and determine reasons for 
noncompliance among community members. Coverage rates ranged 
from 81% to 52%, with the lowest rate of coverage occurring in Dar es 
Salaam. Most regions achieved over 65% coverage. Lack of compliance 
in all regions was primarily associated with absence during the dates of 
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the MDA, and lack of awareness about the campaign. Coverage rates 
reported by the survey varied from rates reported by PCT distributors, 
reflecting both under- and over-reporting. An important limitation for 
reported coverage is imperfect census data. Further, in Dar es Salaam, 
PCT distribution centers included transit centers for day laborers, many 
of whom are not city residents. MDA coverage among different age 
groups was not statistically significant, however, women were more 
likely to have received PCT in almost every district in each region. Survey 
findings provided valuable information that TZNTDCP will use to tailor 
MDA campaigns in coming years to achieve higher coverage rates in 
low-performing districts, including intensified pre-campaign education 
where lack of awareness limited participation, and finding innovative 
ways to reach people, especially men, who are temporarily absent during 
campaigns.

1063
SHRINKING THE LYMPHATIC FILARIASIS MAP: A NEW TOOL 
TO ASSESS ACTIVE TRANSMISSION OF LF DURING MAPPING

Upendo Mwingira1, Heven Sime2, Sonia Pelletreau3, Michael 
Deming4, Maria Rebollo Polo4, Katherine Gass4

1Ministry of Health Tanzania, Dar salaam, United Republic of Tanzania, 
2Ethiopian Public Health Institute, Addis Ababa, Ethiopia, 3Centers for 
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The Global Program to Eliminate Lymphatic Filariasis (GPELF) recommends 
mapping to determine if each district, or implementation unit (IU), requires 
mass drug administration (MDA) based on the presence of active filarial 
transmission. Current guidelines require that 2 sites be selected per 
IU and within each site a convenience sample of 100 adults be tested 
for antigenemia. The presence of 1 or more positives in either site is 
interpreted as an indicator of potential transmission, prompting MDA 
at the IU-level. While this strategy has worked well in high-prevalence 
settings, imperfect diagnostics, the limited geographical representation 
of just two sites within an IU, and the fact that a single antigenemia 
positive adult may not provide evidence of disease transmission, have 
raised concerns about its use in low-prevalence settings. A statistically 
rigorous re-mapping strategy was designed. Schools are selected by 
either systematic or cluster sampling, and within each selected school, 
children (9-14 years old) are sampled systematically. Children are tested 
for antigenemia, and the number of positive results is compared against 
a critical value to determine whether the prevalence of LF is likely below 
a threshold of 2%. It was applied to 14 IUs in Ethiopia and Tanzania that 
had qualified for MDA during mapping. In 13 IUs, the number of antigen-
positive identified in the remapping surveys was below the critical cutoff, 
suggesting that in these IUs transmission of LF is not ongoing. In one IU, 
10 positives were identified, suggesting that there is on-going transmission 
and MDA should be initiated. Whereas the current guidelines would have 
recommended MDA in all 14 IUs based on the traditional strategy, the 
results of the new strategy suggest that only 1 has on-going transmission. 
In low-prevalence settings where initial mapping results are uncertain, this 
inexpensive, rigorous and representative re-mapping strategy may help 
to generate data on LF transmission to guide programmatic decisions, 
enabling the GPELF to focus resources where they are truly needed to 
achieve global LF elimination by 2020.

1065
ASSESSING THE PREVALENCE OF LYMPHATIC FILARIASIS 
THROUGH SENTINEL AND SPOT CHECK SITES IN TANZANIA

Andreas Nshala1, Maria Chikawe2, Mwele Malecela3, Irene 
Mremi3, Upendo Mwingira2
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Lymphatic filariasis (LF) is endemic in all districts in Tanzania putting over 
47 million people at risk of infection. The causative agent, Wuchereria 
bancrofti, is spread by vector mosquitos, particularly anopheles spp. 
Control efforts have largely focused on interruption of transmission 
through mass drug administration (MDA) and vector control. Along the 
coastal belt, initial mapping reported infection levels (circulating filarial 
antigen, measured by ICT tests) up to 68%. With over 6 rounds of 
Ivermectin (IVM) and Albendazole (ALB) MDA, infection levels have started 
to go down. Two communities from each of the 38 implementation units, 
which have had over five rounds of IVM and ALB MDA, were selected for 
the assessment. Approximately 300 people aged 5 years and above were 
selected and tested for circulating filarial antigen (CFA) for Wulchereria 
Bancrofti using ICT cards. All ICT positives were followed up and night 
blood was tested for microfilaraemia using a counting chamber technique. 
Of the 38 districts surveyed, 31 districts had CFA prevalence between 
0-1%, and 7 districts had CFA Prevalence of 2.0-3.7%. These results are 
in line with expectations following six or more rounds of IVM and ALB 
MDA. Infection levels have been significantly reduced. Districts with higher 
baseline prevalence (Morogoro and Tanga regions) reported higher than 
expected CFA level. This may due to higher baseline/pre-intervention LF 
infection levels, and or sub-optimal MDA coverage in certain areas.

1066
LYMPHATIC FILARIASIS IN UGANDA: PROGRESS TOWARDS 
ELIMINATION TARGETS

Gabriel K. Matwale1, Ambrose Onapa2, Alexis Serna3, Edridah M. 
Tukahebwa1

1Ministry of Health, Kampala, Uganda, 2RTI International, Kampala, 
Uganda, 3RTI International, Washington, DC, United States

Uganda launched its Lymphatic Filariasis (LF) Elimination program in 2002, 
in line with World Health Assembly resolution of 1997, with a strategy of 
annual Mass Drug Administration (MDA) to all at-risk populations with 
ivermectin and albendazole, co-administered. The first MDA covered 2 
highly endemic districts in northern and eastern Uganda, with an eligible 
population of 1 million, achieving ~75% program coverage. Plans to 
scale up MDA to 8 districts in 2003 did not materialize due to civil war, 
instability due to cattle rustling in the north and Eastern regions and lack 
of funds. In 2004, MDA covered 5 districts and then 10 districts in 2005. 
In 2007, LF joined other vertical MoH Programs in an integrated program 
under the umbrella of Neglected Tropical Disease Control Program, funded 
by United States Agency for International Development. As a result of this 
program, LF mapping was completed by 2008 and MDA scaled up to 38 
districts. By 2010, all 54 LF endemic districts were covered under MDA 
and to date, all endemic districts have had 3 or more MDAs. Maintenance 
of effective coverage of 65% is still a challenge, especially in the post-
conflict districts in the north. Impact assessments indicated dramatic 
reductions in both antigenemia and microfilariae prevalence. Transmission 
Assessment Surveys (TAS), based on WHO protocol, commenced in 
2012 in 6 districts. In each evaluation unit, at least 1550 individuals, 
either aged 6-7 years in communities or primary one and two in schools 
where feasible were examined for circulating filarial antigens (CFA) using 
Immunochromatographic Test (ICT) cards. CFA positivity ranged from 
about 0.06% to 0.6%. From 2014 to 2015, TAS surveys were done in 27 
districts, where positivity for CFA ranged from 0% to 0.1%, with many 
districts registering 0% CFA. Current data indicate that LF transmission 
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in more than 33 districts has been interrupted, and these districts are 
eligible for stopping MDA. WHO Regional Program Review Group recently 
approved the stopping of MDA in 16 districts and more districts are under 
the same consideration. PELF Uganda is optimistic that by or before the 
year 2020, most of the evaluation units would have achieved elimination 
target of CFA below 1%.

1067
SPATIAL CLUSTERING OF FILARIASIS AND RISK FACTORS 
ANALYSIS IN BENGO PROVINCE, ANGOLA

Miguel Brito1, Rossely Paulo2, Thomas R. Unnasch3, Robert 
Novak3, Benjamin Jacob3, Michelle Stanton4, David Molyneux4, 
Pedro Van-Dumen5, António Martins6, Louise Kelly-Hope4

1CISA - Health Research Centre in Angola/ESTeSL, Caxito, Angola, 2CISA 
- Health Research Centre in Angola, Caxito, Angola, 3College of Public 
Health, Department of Global Health, University of South Florida, Florida, 
FL, United States, 4Liverpool School of Tropical Medicine, Liverpool, United 
Kingdom, 5Health Ministry Angola, Luanda, Angola, 6Director Provincial de 
Saude, Caxito, Angola

The implementation of lymphatic filariasis (LF) and onchocerciasis 
elimination programmes in areas where Loa loa is co-endemic is 
problematic because individuals with heavy L. loa infections may develop 
severe adverse events when treated with ivermectin. This has implications 
for mass drug administration campaigns and alternative strategies may 
be required. The aim of this study was to determine the distribution of 
filariasis and associated risk factors in Bengo Province using rapid field 
survey methods including clinical observations, serology and molecular 
analysis. RapidEye (5m resolution) satellite data was also employed to 
provide the foundation for empirical information on vector and parasite 
populations. A total of 1616 individuals were surveyed in 22 villages across 
peri-urban and rural areas during August- September 2014. A total L. 
loa prevalence of 6.2% using the Rapid Assessment Procedure for loiasis 
(RAPLOA) was observed, with village prevalence ranging from 0 to 18%. 
Molecular analysis of blood samples for L. loa is under analysis with 
Real Time PCR, and the results will be presented. No positive infection 
of LF were found by the rapid ICT card or Real Time PCR. However, 13 
lymphoedema (0.8%) and 16 hydrocele cases (1.7%) were observed. 
For onchocerciasis, an overall prevalence of 4.7% was found using the 
Ov16 ELISA, with village prevalence ranging from 0 to 35%. Regarding 
intervention use, a low bed net ownership (46.1%) was reported, with 
only 33.8% sleeping under a bed net the previous night. There was little 
or no evidence of ivermectin consumption for onchocerciasis. When asked 
about the main L. loa vector Chrysops spp. 12.1% of individuals could 
identify the fly by a photo. Individuals with loiasis were twice as likely, 
and males with loaisis were four times as likely to recognize the fly, than 
those without. Filariasis is endemic at different prevalences and spatial 
patterns throughout the region, and the presence of L. loa suggests that 
alternative strategies for elimination are required, which may include 
scaling up vector control with key information on the best targets directed 
by local community knowledge.

1069
“RIVER EPILEPSY” IN DEMOCRATIC REPUBLIC OF THE 
CONGO? PREVALENCE OF EPILEPSY SYMPTOMS IN A ZONE 
ENDEMIC FOR ONCHOCERCIASIS, KATANGA PROVINCE, 2015

Moise A. Mussa1, Karen D. Cowgill2, Robert Colebunders3, 
Floribert Tepage4, Michel Mandro5, Anne Laudisoit6

1Universite de Lubumbashi, Lubumbashi, Democratic Republic of the 
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l’Onchocercose, Ministère de la Santé Publique, Buta, Democratic Republic 
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Nodding syndrome is a particular type of epilepsy epidemic in some 
regions of South Sudan and east Africa. Its cause is unknown, but 
epidemiological data suggest an association with onchocerciasis. Increased 
levels of epilepsy have been observed in other regions endemic for 
onchocerciasis, and nodding syndrome may be only one manifestation 
along a continuum of onchocerciasis-associated neurological syndromes. A 
surveillance system for epilepsy cases in different onchocerciasis-endemic 
regions is planned to be rolled out in the Democratic Republic of the 
Congo (DRC) in 2015. The relationship between prevalence of epilepsy, 
degree of onchocerciasis endemicity, and ivermectin coverage will be 
investigated. In April 2015, we conducted a pilot study in the health zone 
of Kafubu, outside the city of Lubumbashi in Katanga province, DRC. We 
surveyed 500 households with 2359 people. Reported ivermectin uptake 
since annual MDA started in 2006 ranged between 26 and 46%. There 
were 63 (2.7%) cases consistent with epilepsy (reporting either a previous 
diagnosis of epilepsy, or 2 or more episodes of loss of consciousness with 
or without incontinence or drooling; absence seizures; convulsions; or 
sudden-onset, brief auditory, visual, or olfactory hallucinations). Mean age 
of these cases was 16.9 years, and mean age of onset was 6.4 years; 54% 
were female. Four of the 63 cases consistent with epilepsy also reported 
nodules consistent with onchocerciasis. The results of this pilot study 
indicate that the prevalence of reported epilepsy in this onchocerciasis 
endemic region in the DRC is well above the WHO average prevalence 
estimate of 4-10 per 1000, and also suggest the need to strengthen 
ivermectin distribution programs and epilepsy care in this region. 
Determining how much of this high prevalence of epilepsy is due to “river 
epilepsy” -- epilepsy caused by onchocerciasis -- will require laboratory 
testing and the exclusion of cysticercosis and other potential causes.

1070
AN IMPLEMENTABLE AND SUSTAINABLE QUALITY 
ASSURANCE PROGRAM FOR OV16 SEROLOGY-BASED RAPID 
TESTS

Roger B. Peck, Dunia Faulx, Allison Golden, Eric J. Stevens, 
Lindsay Yokobe, Gonzalo J. Domingo, Tala de los Santos
PATH, Seattle, WA, United States

The availability of an Ov16 serology-based rapid test has highlighted 
important issues around uptake and appropriate use. Confidence in 
the testing process, including test quality, performance, and accurate 
results, are important factors to consider when national onchocerciasis 
control and elimination programs (NOCPs) use test results for action. A 
quality assurance (QA) program will help to assure NOCPs that the tests 
are functioning as intended, results are of high quality, and additionally 
provide an opportunity for feedback to the test manufacturer. Six modules 
have been developed to support a QA program: 1. Operator training to 
familiarize those involved in the testing process with the proper use of 
the test; 2. Operator proficiency to qualify trained individuals to conduct 
the test; 3. Quality assessment to demonstrate performance with country-
specific samples, as necessary; 4. Lot testing to confirm that the tests 
perform as intended when received in-country from the manufacturer; 5. 
Quality control to increase confidence that the test system is working as 
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intended at the point of use; and 6. Post-market surveillance to monitor 
the performance of the product during routine use. The QA program is 
intended to be utilized by and implemented completely or by module 
with NOCPs in conjunction with test manufacturers and other key 
international stakeholders. Early adopters of Ov16 serology-based rapid 
testing have piloted modules of the QA program. Test users were trained 
by a variety of mechanisms including in-person training, remote training 
by teleconferences and/or video conferences, and QA program material 
review. Feedback from QA program implementers has indicated that the 
methods are acceptable. The feedback is also used to iteratively improve 
the QA program and will seed future implementation. Implementation of 
the QA program or modules by NOCPs should be simultaneous with the 
adoption of Ov16 rapid testing. The elements and reagents required for 
such a QA program are presented here. Stakeholder support for the QA 
program and reliable availability of the sample panels and supplemental 
materials are needed to make it sustainable.

1071
SCREENING CASCADE FOR DISCOVERY PROGRAMS AIMING 
AT THE IDENTIFICATION OF NEW MACROFILARICIDE AGENTS 
FOR TREATMENT OF ONCHOCERCIASIS

Simon Townson1, Sabine Specht2, Suzanne Gokool1, James 
Metz3, Sujatha Gopalakrishnan3, Dale Kempf3, Coralie Martin4, 
Achim Hoerauf5, Thomas von Geldern3, Ivan Scandale6

1Northwick Park Institute for Medical Research, London, United Kingdom, 
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Comparée et Modèles Expérimenteaux, Paris, France, 5Institute for 
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Existing medicines to treat filarial infections primarily kill microfilaria and 
temporarily sterilize adult nematodes. There remains an urgent need to 
design and develop modern anti-filarial treatments that are cidal to adult 
worms (macrofilaricides). Recently, a small pipeline of new drug candidates 
has been created by PDPs, academic groups and pharmaceutical 
companies. Given the attrition rate in drug discovery and development, it 
is important to strengthen the pipeline by adding new chemical entities 
into the drug development pathway. To identify compounds with such 
potential, DNDi has accessed commercial libraries and worked with 
companies to access focused libraries from their drug discovery programs. 
These libraries were evaluated through a screening cascade encompassing 
three steps: phenotypic screen against Onchocerca spp, determination of 
in vivo ADME, and proof of principle testing in murine models using L. 
sigmodontis. Through this process, several existing drugs and advanced 
clinical candidates were identified for potential repurposing as antifilarial 
agents. These include compounds that have activity against several human 
kinase targets, as well as a set of nitroheterocyclic molecules. This strategy 
has also been adapted to the screening of pharma collections. A prioritized 
subset of the AbbVie compound collection was clustered based on 
structure, and sampled for screening against adult Onchocerca gutturosa 
worms. Back-screening of hits, facilitated by cheminformatic analysis, led 
to a dramatically improved second-round hit rate. Several of the primary 
hits have demonstrated in vivo activity. The combination of structure 
activity relationships and in vivo proof of principle identified three distinct 
chemical series. These novel anti-filarial scaffolds will be advanced to hit 
expansion and lead optimization studies.

1072
IN VITRO ANTIFILARIAL ACTIVITIES AND METABOLOMIC 
PROFILING OF EXTRACTS OF DANIELLIA OLIVERI AND 
PSOROSPERMUM FEBRIFUGUM

Melanie Abongwa1, Fidelis Cho-Ngwa2, Godfred A. Ayimele2, 
Moses Samje2, Smith B. Babiaka2, Ann Perera1, Adrian J. 
Wolstenholme3, Richard J. Martin1, Alan P. Robertson1

1Iowa State University, Ames, IA, United States, 2University of Buea, Buea, 
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Subcutaneous filariasis (onchocerciasis) caused by Onchocerca volvulus, 
and lymphatic filariasis caused by Brugia malayi are among the neglected 
tropical diseases predominant in the developing world. These infections 
cause debilitating pathologies, including blindness, severe skin itching and 
lymphedema. Currently, the approved drugs for treatment of filariasis; 
ivermectin, diethylcarbamazine and albendazole, are only microfilaricidal. 
Effective control is therefore hindered by the lack of macrofilaricides, 
leaving the adult worms, which may live for over 15 years. Additionally, 
the repeated use of ivermectin, diethylcarbamazine and albendazole 
has generated concerns of resistance development. Clearly, there is the 
need for the development of new drugs that will be effective against 
the macrofilariae, while more effective microfilracidal compounds are 
also desirable. In an endeavor to contribute to the search for new 
antifilarial drugs, we screened extracts of the plants; Daniellia oliveri 
and Psorospermum febrifugum, for activity against both macrofilariae 
and microfilariae of O. ochengi, the best known animal model of O. 
volvulus; and adult B. malayi, using in vitro quantitative biochemical and 
motility assays. Extracts of D. oliveri and P. febrifugum were effective in 
killing both O. ochengi and B. malayi adult worms, and also O. ochengi 
microfilariae. Remarkably, the active extracts of these plants had IC50s as 
low as 4μg/mL, and the majority of them showed little or no toxicity on 
N27 rat neuronal cells. Metabolomic profiling of active extracts using 
GC-MS revealed identifiable peaks for compounds which can be isolated 
and further tested for enhanced activity. Based on our findings, D. oliveri 
and P. febrifugum have potential as sources of lead compounds for the 
development of novel antifilarial drugs. Presently, we are investigating the 
effects of our most promising extracts on the motility of Caenorhabditis 
elegans, a model for parasitic nematodes, using the WormLab system. 
Results obtained will be combined with mutagenesis studies in C. elegans 
to elucidate the mode of action of our filaricidal extracts/compounds.

1073
EFFECTS OF TEMPERATURE AND HUMIDITY ON THE 
STABILITY OF DRY BLOOD SPOTS: EVALUATION OF 
ANTIBODY REACTIVITY AND COLOR

Circe McDonald1, Vitaliano A. Cama2

1IHRC, Atlanta, GA, United States, 2Centers for Disease Control and 
Prevention, Atlanta, GA, United States

Dried blood spots (DBS) are an inexpensive and robust format to preserve 
blood specimens for public health evaluations and surveys, including 
programmatic monitoring and evaluation of neglected tropical diseases. 
DBS have been demonstrated to preserve antibody reactivity for long 
periods; however, procedures to determine the specimen quality in DBS 
are not always available or performed. We conducted a 12-month DBS 
antibody stability study using a reference control for lymphatic filariasis 
(LF). DBS cards were split into groups and exposed to 4oC, 25oC or 37oC, 
and low (<40%) or high (>99%) humidity. DBS were collected biweekly 
and stored frozen until all samples were analyzed. At the end of 12 
months, all DBS were eluted and simultaneously analyzed for IgG antibody 
responses against 7 antigens: Bm14, Bm33, Wb123 and BmR1 for LF, and 
Streptococcus, E. coli toxin, and Tetanus toxoid. Additionally, coloration 
of the eluted DBS was quantified using image analysis. DBS kept at 37oC 
and 27oC under high humidity conditions lost all detectable antibody 
reactivity by days 56 and 112, respectively. DBS stored at 37oC and 25oC 
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under low humidity conditions had decreased reactivity at 101 and 154 
days, respectively, with total loss of reactivity by 264 and 364 days, 
respectively. Meanwhile, DBS stored at 4oC had minor losses in reactivity, 
with greater reductions seen with exposure to high humidity. Color of 
eluted DBS was measured using colorimetric RGB codes; values closer to 
255 in each channel correlated with higher antibody reactivity. This study 
shows the importance of storage at low temperature conditions and the 
key role of desiccants when refrigeration is not immediately available, In 
addition, it illustrates the potential use of color analyses of eluted DBS as a 
simple surrogate method for specimen quality control.

1074
COMBINATION OF CONVENTIONAL PARASITOLOGICAL 
DIAGNOSTIC METHODS AND QPCR ASSAYS FOR DETECTING 
ONCHOCERCA VOLVULUS INFECTIONS

Melanie Lloyd1, Rebecca Gilbert1, Nathalie Tebao Taha2, Gary J. 
Weil1, Aboulaye Meite2, Ilunga M. Kouakou2, Peter U. Fischer1

1Washington University School of Medicine, St. Louis, MO, United States, 
2Ministry of Health and Social Welfare of Côte d’Ivoire, Abidjan, Côte 
D’Ivoire

Commonly used methods for diagnosing Onchocerca volvulus infections 
(microscopic detection of microfilariae in skin snips and nodule palpation) 
are insensitive. Improved methods are needed for monitoring and 
evaluation of onchocerciasis elimination programs and for clinical diagnosis 
of individual patients. We have developed a sensitive probe-based qPCR 
assay for detecting O. volvulus DNA, and this assay was tested with 
samples collected from an endemic area in eastern Côte d’Ivoire. The 
new test was evaluated with dried skin snip pairs from 369 subjects and 
compared to routine skin snip microscopy and nodule palpation results 
from the same individuals. Onchocerciasis prevalence for these samples by 
qPCR, skin snip microscopy, and nodule palpation were 56.9%, 26.0%, 
and 37.9%, respectively. Furthermore, the combination of all three tests 
produced an infection prevalence of 72.9%, which was significantly 
higher than the 53.1% detected by microscopy plus nodule palpation 
without qPCR. The qPCR assay was also compared to conventional PCR: 
while qPCR did not detect significantly more positive individuals, the 
limit of detection of the qPCR assay was 100-fold lower than that of 
conventional PCR. In conclusion, the new qPCR assay could be a useful 
tool for detecting residual O. volvulus infections in human populations 
as prevalence decreases in areas following community-directed treatment 
with ivermectin.

1075
A NOVEL BIPLEX RAPID TEST FOR THE SIMULTANEOUS 
DETECTION OF WUCHERERIA BANCROFTI- AND 
ONCHOCERCA VOLVULUS-SPECIFIC ANTIBODIES: A NEXT 
GENERATION INTEGRATED SURVEILLANCE TOOL

Allison L. Golden1, Cathy Steel2, Dunia Faulx1, Roger Peck1, Eric 
J. Stevens1, Lindsay Yokobe1, Jeffrey Wellhausen1, Gonzalo J. 
Domingo1, Tala de los Santos1, Thomas B. Nutman2
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In recent years, there has been a global push for an integrated approach 
to neglected tropical disease (NTD) control and elimination. In Africa, there 
is the opportunity to integrate programs for onchocerciasis and lymphatic 
filariasis (LF) due to similarities regarding surveillance activities, control 
mechanisms, and programmatic overlap. To facilitate the integrated 
surveillance activities for onchocerciasis and LF, PATH and NIAID are 
collaborating to develop a biplex rapid diagnostic test that detects IgG4 
antibodies against both the Ov16 antigen, specific for Onchocerca 
volvulus, and the Wb123 antigen, specific for Wuchereria bancrofti. 
Concurrent to the 2014 launch of an Ov16-only antibody detection rapid 
test, a proof-of-concept onchocerciasis/LF biplex test prototype has been 

developed. Laboratory data using well-characterized clinical specimens 
indicate the sensitivity and specificity to be 92.6% and 96.0%, respectively 
for Wb123 and 90.3% and 98.1%, respectively for Ov16, similar to the 
performance of the Ov16-only test. The technology has been transferred 
to a commercial manufacturing partner for optimization. Early beta 
prototypes are undergoing further performance evaluation and stability 
studies to ensure a field-ready test. Supplemental materials that have been 
developed include a human monoclonal IgG4 antibody positive control for 
Wb123 and user-friendly training materials for use by field teams. The test 
and supplemental materials will be used in product verification and field 
validation, leading up to activities in support of programmatic use of the 
test.

1076
IN VIVO FILARIASIS MODEL PREDICTS HIGH DOSE 
RIFAMPICIN CAN ACHIEVE RAPID ELIMINATION OF 
WOLBACHIA FROM FILARIAL NEMATODES

Ghaith Aljayyoussi1, Hayley Tyrer1, David Waterhouse1, Jill 
Davies1, Louise Ford1, Joseph Turner1, Sabine Specht2, Achim 
Hoerauf2, Mark Taylor1, Steve Ward1
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The Anti-Wolbachia (A•WOL) programme aims to find safe macrofilaricides 
for lymphatic filariasis and onchocerciasis through targeting the Wolbachia 
bacterial endosymbiont. Doxycycline demonstrates proof of concept to 
achieve depletion of Wolbachia leading to macrofilaricidal activity when 
administered for a period of 4-6 weeks. The prolonged period of treatment 
and exclusion of key target groups (pregnancy and children <8) restricts 
the widespread scale-up of doxycycline for use in elimination programmes. 
The A•WOL programme aims to identify new drugs and regimens that 
can reduce the treatment period to 7 days or less and be used in currently 
restricted groups. In this study we show that clinically relevant high doses 
of rifampicin can lead to Wolbachia elimination rates from adult worms 
that are several times faster than elimination rates achieved by doxycycline. 
Using systemic dose escalation studies in the A•WOL mouse screening 
model we show that Rifampicin can achieve >90% Wolbachia elimination 
in time periods of 7 days or less resulting in marked macrofilaricidal 
activity at later stages. Using pharmacokinetic/pharmacodynamic (PK/PD) 
modelling and mouse-human bridging analysis, we show that high doses 
of rifampicin, which could be safely administered to eligible populations 
should reduce treatment times to 7 days or less. Clinical trials are planned 
to test these findings in human lymphatic filariasis and onchocerciasis.

1077
ESTABLISHMENT OF A DISEASE MODEL OF LYMPHATIC 
FILARIASIS

Belinda M. Jackson, So Young Kim, Shalini Jaiswal, Colin M. 
Wilson, Jessica Scott, Scott Jones, Bernard J. Dardzinski, Edward 
Mitre
Uniformed Services University, Bethesda, MD, United States

In this study, we sought to establish the small mammal model of lymphatic 
filariasis (LF) initially developed in the 1980s. Ferrets were infected with 
150 L3 stage Brugia malayi or Brugia pahangi larvae by subcutaneous 
injection into the right footpad. Blood was drawn every two weeks 
for white blood cell differential counts and microfilaria quantification. 
With both B. malayi and B. pahangi microfilaremia began at 12-
14 weeks after infection with a mean peak of 85 mf/ml and 300 mf/
ml, respectively. Eosinophilia developed at 12 weeks. Animals were 
euthanized four months post infection and dissections were performed 
to localize adult worms. The mean number of adults recovered was 13 
for B. malayi and 16 for B. pahangi. 85% of recovered worms were 
located in the lymphatics draining the injected limb; most of the other 
worms were found in the lymphatics of the opposite leg. While there 
were no differences in adult worm numbers between male and female 
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ferrets, females exhibited greater numbers of microfilariae and less 
peripheral eosinophilia. Subcutaneous Evans Blue dye (injected into both 
legs one hour prior to euthanasia) demonstrated expanded networks of 
tortuous and dilated lymphatic vessels on the side of the initial infection. 
Motile worms were observed within these vessels. To visualize changes 
in lymphatic function over time, we developed an 18F-FDG PET/CT 
lymphography protocol using the Siemens Inveon Multimodality scanner 
for imaging. With this technique, we are able to assess both lymphatic 
anatomy and functionality. Preliminary results support those of the Evans 
Blue studies, demonstrating aberrant anatomy and disrupted lymphatic 
flow. Histology and immunology studies are also in progress. In conclusion, 
we have successfully re-established the small mammal disease model 
of lymphatic filariasis. We expect it will be a robust model for 1) testing 
the efficacy of new antifilarial medications, 2) ensuring new antifilarial 
medications do not worsen clinical disease, 3) evaluating novel means of 
decreasing lymphatic disease morbidity in LF, and 4) understanding the 
mechanisms by which lymphatic dysfunction occurs in LF.

1078
TYLOSIN ANALOGS AS ANTI-FILARIAL AGENTS. PART A: 
MEDICINAL CHEMISTRY OPTIMIZATION AND CANDIDATE 
SELECTION
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Marsh1, Junli Ma1, Deanne Stolarik1, Howard Morton1, Louise 
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Onchocerciasis and lymphatic filariasis (LF), diseases resulting from filarial 
nematode infections, together affect nearly 150 million people worldwide, 
with over 1.5 billion at risk. These diseases create an enormous burden of 
morbidity and lost productivity, in addition to the social stigma associated 
with their clinical manifestations. Current treatment options (ivermectin, 
albendazole, and diethylcarbamazine, alone or in combination) focus on 
eliminating microfilaria and temporarily sterilizing adult worms, but do not 
clear the infection. New agents with macrofilaricidal activity are needed. 
Many filarial nematodes, including those responsible for onchocerciasis 
and LF, carry an obligate symbiont, the bacterium Wolbachia. Anti-
Wolbachia therapy using doxycycline has demonstrated clinical benefit 
by clearing adult worms; however, the developmental toxicity of this 
agent and the long treatment courses required for efficacy limit its scale-
up for programmatic use. Through a screen of a representative sample 
of the AbbVie anti-infectives collection, we identified the veterinary 
antibiotic tylosin A (TylA) as a potent anti-Wolbachia agent. In vivo 
testing confirmed that this agent is an effective macrofilaricidal agent; 
however, the pharmacokinetic properties of TylA make it unsuitable for 
oral administration. We have prepared a set of over 150 analogs of tylosin, 
optimizing anti-Wolbachia activity as well as drug exposure upon oral 
delivery. During the course of these structure-activity studies, potency has 
increased by over 1,000-fold, while oral drug levels have improved by as 
much as 40-fold. The optimized analogs A-1535469 and A-1574083 are 
highly effective in several models of filarial worm infection, meeting Target 
Product Profile regimens of less than 7 days. Their efficacy and safety 
profiles make them attractive candidates for therapeutic use, and they are 
currently being advanced toward clinical evaluation.

1079
FEASIBILITY STUDIES TOWARDS A VIRTUAL SKIN BIOPSY 
FOR ONCHOCERCIASIS

Lieven Stuyver1, Jon Holmes2, Ole Lagatie1, Andrew Freeman3, 
Michel Boussinesq4, Simon Townson3
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The gold standard test for onchocerciasis diagnosis is the skin biopsy 
procedure, including removal of around 2 mg of skin, incubate in 
standard saline at rt for 24 hours, and count microfilariae (mf) under 
light microscopy. Although the skin snip is highly specific, its sensitivity 
can be limited in case of low microfilaridermia. Skin biopsies are invasive, 
painful, require sterilization of equipment and examination by experienced 
microscopists. In this study, we evaluated optical coherent tomography 
(OCT) as a non-invasive alternative to generate a virtual biopsy in an 
artificial setting. Onchocerca lienalis mf kept in culture on a monkey 
kidney feeder cell line were examined in three successive steps, using 
two visualization techniques: light microscopy (control) and VivoSight 
multi-beam dermatological OCT (Michelson Diagnostics, UK). First, O. 
lienalis mf were placed in 20 µL on a Petri dish and imaged, conclusively 
demonstrating that the mf could be imaged by OCT at the limit of the 
device’s resolving power. Next, O. lienalis mf were placed in 20 µL medium 
at the surface of a sample of human abdominal skin (4cm x 4cm) collected 
from surgery (Tissue Solutions, UK). It was found to be impossible to find 
the mf in-situ using optical microscopy. However, a parasite could be seen 
in the OCT images and positively identified from its characteristic wriggling 
motion, illustrating that a parasite could be detected based on motion, 
but not because of optical contrast against the skin tissue. Finally, mf were 
injected in the upper dermis (250 - 310 µm under the skin surface). After 
30 min at 37°C, the skin sample was imaged with Dynamic OCT. The 
algorithm successfully picked out the areas in the skin where movement 
was seen, demonstrating that the mf had migrated from the injection site 
into the tissue of the dermis. These initial results show promise for the 
technology to be developed into a practical method for the field diagnosis 
and quantitation of Onchocerca microfilaria present in a skin tissue in-vivo. 
The imaging processing could be further enhanced to automatically count 
the number of individual parasites.

1080
A VISUAL ISOTHERMAL NUCLEIC ACID AMPLIFICATION 
ASSAY FOR DIAGNOSIS OF ONCHOCERCIASIS IN HUMANS

Andy K. Alhassan1, Nathan A. Tanner1, Kwadwo F. Kyeremeh2, 
Mike Y. Osei-Atweneboana2, Yinhua Zhang1, Thomas C. Evans, 
Jr.1, Clotilde K. Carlow1

1New England Biolabs, Ipswich, MA, United States, 2Council for Scientific 
and Industrial Research-Water Research Institute, Accra, Ghana

Onchocerciasis or “river blindness” is a parasitic infection caused 
Onchocerca volvulus. The standard method to diagnose infection relies 
on the detection of microfilariae in human skin biopsies. This technique 
lacks sensitivity particularly when samples are collected from drug-treated 
individuals. Nucleic acid-based tests provide specificity and sensitivity 
however the currently used assays, such as polymerase chain reaction 
(PCR), and real-time PCR assays are difficult to implement in low resource 
settings. Loop-mediated isothermal amplification (LAMP) is a one-step, 
nucleic acid amplification technique that can be performed under 
isothermal conditions. Its simple visual detection format, and no need for 
equipment or post amplification processing, offer considerable advantages 
over PCR in the field. In the present study a LAMP assay targeting the 
genus-specific O-150 repeat sequence was developed. Amplification was 
detected by measuring turbidity through real-time monitoring using a 
turbidimeter, or visually using either hydroxylnaphthol blue (HNB) or a 
newly developed pH sensitive dye. The performance of LAMP and PCR 
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were evaluated using human skin snips spiked with varying concentrations 
of O. volvulus genomic DNA or unrelated filarial DNAs. Both PCR and 
LAMP (regardless of detection method used) assays were highly specific. 
However, higher levels of sensitivity were achieved in LAMP assays 
detecting DNA equivalent of less than one parasite within 60 minutes. 
Of the various LAMP detection methods evaluated, the pH sensitive dye 
provided easier discrimination between positive and negative results and 
the color remained stable. In summary, we have developed a rapid and 
highly specific and sensitive LAMP assay to detect O. volvulus infection 
in humans. Colorimetric visualization of amplification using a pH sensitive 
dye facilitates its use in less equipped laboratories and in rural settings. The 
test has the potential to be developed further as a field tool to assist in the 
management of control programs.

1081
MNSODTG MICE EXHIBIT IMPROVED HEART AND 
MITOCHONDRIAL FUNCTION DURING CHRONIC CHAGAS 
DISEASE

Jianjun Wen
University of Texas Medical Branch, Galveston, TX, United States

We observed that mitochondrial reactive oxygen species (mtROS) plays 
very important roles in the pregression of chagesic disease. In this study, 
we utilized genetically-modified mice to scavenge mtROS to investigate the 
impact of improved ROS scavenging capacity on heart function in Chagas 
disease. C57BL/6 mice (wild-type, MnSODtg, MnSOD+/-) were infected 
with Trypanosoma cruzi (Tc). Chronically infected mice (≥120 days post 
infection, dpi) exhibited a substantial decrease in heart tissue MnSOD gene 
expression, MnSOD protein level, MnSOD enzyme activity and antioxidant 
level; decrease of heart dysfunction via lower of stroke volume (SV), 
cardiac output (CO), ejection fraction (EF), fractional shorting (FS) and left 
ventricular posterior wall of systolic, and increase of end-systolic/diatolic 
volume (ESV/EDS) and left ventricular internal diameter of systole(LVID;s); 
enhancement of hypertrophy by increase of left ventricular septum (IVS), 
left ventricular mass (LV mass) and areas duo to augmentation of collagen 
expressions. One of our novel observations was that sarco/endoplasmic 
reticulum Ca2+-ATPase (SERCA2) lost its role of maintenance of low 
cytoplasm free calcium and mediated calcium uptake to intracellular 
store in Tc-induced chronic chagasic disease. Studies of fresh heart slices 
using O2K confirmed that Tc diminished heart mitochondrial function 
like decrease of oxygen flux and respiratory control ratio (RCR), which 
were caused by enhancements of ROS. Chronically infected MnSODtg 
mice exhibited a marginal decline in Tc-induced heart function, heart 
hypertrophy, mitochondrial dysfunction. In conclusion, overexpression of 
MnSOD inhibited Tc-induced oxidative damage od heart tissue, suggesting 
that enhancing the mitochondrial ROS scavenging capacity was beneficial 
in controlling the inflammatory and oxidative pathology, and cardiac 
remodeling responses that are hallmarks of chronic Chagas disease.

1082
ENHANCING PGC-1Α ACTIVITY IMPROVES HEART FUNCTION 
THROUGH ACTIVATING MITOCHONDRIAL BIOGENESIS 
AND INHIBITING INFLAMMATORY PATHWAYS IN CHAGAS 
DISEASE

Xianxiu Wan, Jianjun Wen, Koo Sue-jie
The University of Texas Medical Branch, Galveston, TX, United States

Chronic chagasic cardiomyopathy (CCM) is presented with ventricular 
hypertrophy and contractile dysfunction that can lead to heart failure. 
I have found that a substantial decline in mitochondrial biogenesis and 
SIRT1/PGC-1α activity ensue in chronic chagasic mice. It was evidenced 
by the decline in mitochondrial DNA content as well as mRNA levels of 
mitochondrial encoded genes and mtDNA replication machinery. Further, 
the activity of SIRT1 (required for PGC-1α activation) was decreased 
and associated with decreased nuclear levels of PGC-1-regulated NRF1 

transcription factor in chagasic hearts. The mitochondrial size and 
number were also reduced in chagasic heart, determined by electron 
microscopy. Therefore, we hypothesized that enhancing the SIRT1/
PGC-1α activity by SIRT1 agonist would improve heart function through 
activating mitochondrial biogenesis and inhibiting inflammatory pathways 
in Chagasic disease. Mice were infected with Trypanosoma cruzi, and 
beginning at day 90 post-infection (pi), treated with resveratrol (SIRT1 
agonist) or metformin (AMPK agonist, can enhance SIRT1 activity) for 
21 days; and then heart function was monitored at 150 days pi. We 
found that treatment with resveratrol partially attenuated the heart 
dysfunction (stroke volume, cardiac output, ejection fraction, heart 
rate) and cardiac hypertrophy in chagasic mice. These benefits were 
associated with improved expression of the mitochondrial DNA encoded 
genes and mtDNA content though the expression of genes involved in 
mtDNA replication was not improved. Treatment with metformin was 
not significantly beneficial in improving the CCM outcomes. The partial 
beneficial effects of resveratrol could be due to inefficient activation 
of SIRT1 or delayed start of the treatment. We plan to treat mice with 
SIRT1 agonist SIRT1720 (10 fold more active than resveratrol) during 
the indeterminate phase of T. cruzi infection in next set of experiments. 
This study will improve our understanding of the molecular and immune 
mechanisms of chagasic heart disease and will provide a novel treatment 
for chronically-infected chagasic patients.

1083
HISTOPATHOLOGICAL AND ULTRASTRUCTURAL FINDINGS 
IN SKIN BIOPSIES OF PATIENTS WITH EARLY AND LATE 
CUTANEOUS LEISHMANIASIS INDUZED BY LEISHMANIA 
(VIANNIA) BRAZILIENSIS

Maíra G. Saldanha1, Sérgio Arruda1, Edgar M. Carvalho2

1Fundação Oswaldo Cruz, Salvador, Brazil, 2Serviço de Imunologia. 
Complexo Hospitalar Universitário Professor Edgard Santos. Universidade 
Federal da Bahia, Salvador, Brazil

Cutaneous leishmaniasis (CL) is the most frequent clinical form of 
leishmaniasis, which affects the skin and is an important health problem 
in Brazil. Leishmania (V.) braziliensis infection induces a large spectrum 
of lesions that clinically may manifest as a single skin lesion localized, 
generally in uncovered parts of the body, initialized with a papule until 
the development of an ulcer or which may regress spontaneously. 
Patients with early cutaneous leishmaniasis (ECL) have 46% failure to 
standard treatment, while the cure rate for patients with late cutaneous 
leishmaniasis (LCL) is until 90%. We aim to investigate the cellular 
inflammatory aspects in situ biopsies of human infection by L. braziliensis 
in ECL while papule comparing them with LCL. We describe tissue cells 
from inflammatory infiltrate different stages of infection and feature the 
immune response based on histophatological and ultrastructural analysis, 
as well the total extent of inflammation and cellular profile, changes in the 
epidermis and dermis, amount and quality of amastigotes. Hyperkeratosis 
is more frequent in ECL while giant cells were observed during the classical 
ulcer. Macrophages and lymphocytes were the predominant cells in 
the ulcers of localized CL and the inflammation increased with diseases 
evolution. By other hand, the quantity of amastigotes decreased with the 
time of disease. Some parasites righteous were viewed by transmission 
electron microscopy. Although the attempt of the macrophages to kill 
some Leishmania in the earlystage, we also observed the development 
strong inflammatory response with extensive cellular infiltrate and other 
histological changes that may be involved with pathogenesis and progress 
lesion in CL, also may contribute to treatment failure.
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1084
TRYPANOSOMA CRUZI REDOX NETWORK AS A VIRULENCE 
FACTOR: ROLE OF TRYPAREDOXIN PEROXIDASE IN THE 
PATHOGENESIS OF CHAGAS DISEASE

M. Paola Zago1, M. Dolores Piñeyro2, Andrea Mesias1, Carlos 
Robello2, Nisha J. Garg3

1Experimental Pathology Insititute CONICET, Salta, Argentina, 2Pasteur 
Institute, Montevideo, Uruguay, 3Department Microbiology and 
Immunology, University of Texas Medical Branch, Galveston, TX, United 
States

The aim of our study is to gain insight the involvement of Trypanosoma 
cruzi redox system in the pathogenic mechanism of Chagas disease. 
Many groups have attributed to this pathway a role in the evasion 
of the host innate immune response. Previously, we described the 
up regulation of enzymes of this network, particularly tryparedoxine 
peroxidase (TXNPx), in trypomastigotes of DTUI isolates. In order to 
characterize its participation in the cellular response to infection, we 
employed a site-directed mutagenesis approach to construct the active 
site mutants of cytosolic (CPXC52S, CPXC173S) and mitochondrial (MPXC81S, 
MPXC204S) isoforms of TXNPx. The pRibotex plasmid encoding the cDNAs 
for mutant TXNPx isoforms was electroporated into Sylvio X10/4 and 
transfectants were selected under drug pressure (250-400µg/ml G418). 
Overexpression of the mutant proteins and the wild type protein in the 
transfectants was confirmed by western blotting with specific antibodies 
against CPX and MPX isoforms. Also, the differential peroxidase activity 
of the recombinant parasites was detected with the Peroxidase Assay 
Kit (Invitrogen). Evaluation of viability by Alamar Blue®, revealed that 
T. cruzi expressing mutant isoforms of CPX and MPX were significantly 
more sensitive (p<0.05) to oxidizing species, e.g. H2O2 and ONOO•−, when 
compared to the wild type parasites or T. cruzi transfected with CPX wild 
type isoform. In vitro infection studies in RAW macrophages showed that 
intracellular replication of Syl.MPXC81S and Syl.CPXC173S determined by qPCR 
was decreased, compared to that noted for SylWT and Syl.CPX (p<0.01). 
This capability was associated with their inability to prevent intracellular 
ROS accumulation (measured by H2DCF-DA probe) and oxidants released 
into the culture media (Amplex red and Griess assays). In summary, we 
demonstrate that via TXNPx decomposition of macrophage derived free 
radicals, T. cruzi ensures its survival and persistence in the host. Further 
characterization of the mutants’ biological behavior by murine infection is 
ongoing, and these data will be presented in further support of TXNPx role 
in the pathogenesis of Chagas disease.

1085
DIVERSITY OF TRYPANOSOMA CRUZI INFECTION IN 
PATIENTS CO-INFECTED WITH HIV AND CHAGAS DISEASE

Natalie M. Bowman1, Daniel Clark2, Jeong Choi3, Gerson Galdos 
Cardenas4, Mauricio Dorn5, Omar Gandarilla6, Enzo Fortuny6, Anne 
Palumbo6, Lisbeth Ferrufino6, Leny Sanchez7, Louisa Messenger4, 
Jorge Flores5, Roni Colanzi8, Steven Meshnick1, Caryn Bern9, 
Robert H. Gilman4, Jonathan J. Juliano1

1University of North Carolina, Chapel Hill, Chapel Hill, NC, United States, 
2Vanderbilt University, Nashville, TN, United States, 3University of California 
Davis, Davis, CA, United States, 4Johns Hopkins Bloomberg School of 
Public Health, Baltimore, MD, United States, 5Hospital San Juan de 
Dios, Santa Cruz, Plurinational State of Bolivia, 6AB PRISMA, Santa Cruz, 
Plurinational State of Bolivia, 7Universidad Peruana Cayetano Heredia, 
Lima, Peru, 8Universidad Catolica Boliviana, Santa Cruz, Plurinational State 
of Bolivia, 9University of California San Francisco, San Francisco, CA, United 
States

Chagas disease, caused by the protozoan Trypanosoma cruzi, can cause 
severe neurological syndromes in immunocompromised patients such 
as those infected with HIV. We characterized the genetic diversity of T. 
cruzi infection in several HIV-infected Bolivian patients with high-level 
parasitemia. Samples were derived from HIV-positive patients recruited into 

epidemiological studies of HIV/Chagas disease coinfection in Cochabamba 
and Santa Cruz, Bolivia. DNA was extracted from whole blood or 
guanidine-preserved samples, and T. cruzi infection was confirmed with 
RT-PCR. We used high-fidelity nested PCR to amplify a 327-base pair 
fragment of the TcSC5D gene, which has been used for strain typing, 
and amplicon deep sequenced the region using an Ion Torrent PGM. We 
determined multiplicity of infection and genotyped the strains of T. cruzi 
using deep sequencing and conventional restriction fragment length 
polymorphism (RFLP) methods. Sequences were clustered to predict 
genotypes using a heuristic clustering algorithm. Within-host and within-
population diversity indices were calculated using EstimateS and/or QIIME. 
We have shown that deep sequencing of T. cruzi from clinical samples is 
possible and explored the diversity of T. cruzi infections in HIV-infected 
patients, which may have implications for the pathogenesis of the disease 
in this population. Future studies will examine parasite diversity in a larger 
sample size and compare T. cruzi strains found in blood and cerebrospinal 
fluid.

1086
CEREBRAL VASCULATURE AND COGNITIVE IMPAIRMENT IN 
ACUTE TRYPANOSOMA CRUZI INFECTION

Umaru Barrie, Brandi Freeman, Herbert Tanowitz, Mahalia 
Desruisseaux
Albert Einstein College of Medicine, Bronx, NY, United States

The brain is sheathed with a blood-brain barrier (BBB) system, which 
tightly regulates the passage of substances from the blood to the Central 
Nervous System. Certain organisms, however, including Trypanosoma 
cruzi, are able breach this selectively permeable unit. Damage to 
the cerebral vasculature and the BBB are important features tied to 
neurological impairments in Chagas disease (CD). Endothelin-1 (ET-1) has 
been shown to mediate BBB permeability, inflammation, and vascular 
tone, thus may be important in the pathogenesis of T. cruzi infection. 
ET-1 reduces the expression of angiopoietin-1 (Ang-1), a growth factor 
that promotes endothelial quiescence and expression of tight junction 
proteins responsible for maintaining BBB integrity. We postulate that ET-1 
contributes to the pathogenesis of neuro-CD by disrupting BBB integrity 
and potentiating endothelial activation and inflammation. C57BL/6 mice 
were infected with 10,000 trypomastigotes of the Tulahuen strain of T. 
cruzi to induce experimental CD (ECD). Cognitive function, degree of 
illness, and levels of inflammatory mediators were assessed in the brains 
of T. cruzi infected mice and controls. Acute ECD caused an increase in 
parasitemia, which correlated with blood glucose as well as the level of 
illness as determined by a decrease in rapid murine coma and behavior 
scale (RMCBS). Object recognition and placement tests revealed significant 
impairments in the visual and spatial memory of infected mice. These 
deficits were associated with elevated levels of pro-inflammatory cytokine 
IL-1β and cell adhesion molecules, E-selectin and ICAM-1. Ang-1 has 
been shown to suppress these molecules on endothelial cells, whereas 
Ang-2 promotes their expression. qRT-PCR performed on whole brain 
homogenates revealed elevated levels of ET-1 in the brains of T. cruzi 
infected mice in conjunction with decreased Ang-1, resulting in an 
increased ratio of Ang-2 to Ang-1. An imbalance in the angiopoietin 
system illustrates endothelial dysfunction and cerebral vasculature 
disruption, which may contribute to the neurological impairments and 
activated endothelium observed in ECD.
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1087
INHIBITORS OF NA+, K+-ATPASE AND RELATED ION ANTI-
PORTER FUNCTIONS AS NEW ANTILEISHMANIAL DRUG 
LEADS

Surendra K. Jain1, Ilias Muhammad2, Larry Walker1, Babu 
Tekwani1
1National Center for Natural Products Research, Department of 
BioMolecular Sciences, School of Pharmacy, University of Mississippi, 
University, MS, United States, 2National Center for Natural Products 
Research, School of Pharmacy, University of Mississippi, University, MS, 
United States

Visceral leishmaniasis, caused by protozoan parasite Leishmania 
donovani, is fatal if left untreated. Extreme toxicity, increasing resistance 
of the parasite to currently available drugs and absence of a suitable 
vaccine necessitate the discovery of new anti-leishmanial drugs. The 
Na+-K+-ATPases and related anti-porter functions may be necessary for 
survival of the leishmania parasite in extreme acidic environment of 
phagolysosomal vacuoles in macrophages. A P-type ion-motive ATPase, 
with predicted function as a potassium and/or sodium efflux pump, has 
been identified in Leishmania donovani genome. Random screening of 
a library of natural products has indicated Na+,K+-ATPase or related ion 
transports as potential antileishmanial drug targets. To validate this, a 
few selected standard inhibitors namely, N-ethylmaleimide, omeprazole, 
ouabain, amiloride, bufalin, quercetin, oleandrine, digoxin, mansonin, 
sanguinarine, cinobufagin and procillaridin A, known to inhibit Na+,K+-
ATPases or proton pumps, were evaluated in vitro against different 
forms of L. donovani namely, promastigotes, axenic amastigotes 
and intracellular amastigotes growing in differentiated THP1 human 
acute monocytes cells. The inhibitors were also tested for cytotoxicity 
against differentiated THP1 cells. Except omeprazole and amiloride, all 
inhibitors showed highly potent and selective anti-leishmanial effect on 
intracellular amastigotes, with no significant effect on promastigotes and 
axenic amastigotes. Bufalin, a cardiotonic steroid was the most active 
inhibitor with IC50 value in sub-nano molar range. This selective action 
of inhibitors indicate essential role of Na+,K+-ATPase and related proton 
transporters in survival of intracellular L. donovani amastigotes. Further 
analysis of selective susceptibility of intracellular amastigotes, molecular/
functional characteristics of leishmanial Na+,K+/H+-ATPase and their 
role in leishmania growth and survival would be useful in identification 
of selective leads, devoid of cardiotonic functions as potential novel 
antileishmanial drug leads.

1088
LEISHMANIA SPECIES IDENTIFICATION BY HIGH RESOLUTION 
MELTING ANALYSIS (HRMA) IN PERU

Nyshon M. Rojas Palomino, Gloria S. Minaya Gómez, Aidé C. 
Sandoval Juárez, Omar Cáceres Rey
Instituto Nacional de Salud, Lima, Peru

Leishmaniasis is a disease characterized by the presence of different 
clinical manifestations depending on Leishmania species. Our aim 
was develop of a High Resolution Melting Analysis (HRMA) for the 
identification of Leishmania species, amplifying a region of minicircles 
of kDNA which presents polymorphism. Two hundred and thirteen DNA 
samples from skin biopsy of the lesion from patients confirmed with 
the disease and the following reference strains: Leishmania (Viannia) 
braziliensis, L. (V.) peruviana, L. (V.) guyanensis, L. (Leishmania) 
amazonensis and L. (L.) mexicana were evaluated. 10 ng/ul of DNA 
and the following primers: OL1: GGGGAGGGGCGTTCTGCGAA and OL2: 
CCGCCCCTATTTTACACCAACCCC were used in a Real-time PCR protocol 
using 1X of Eva Green dye in a Rotor Gene Q thermocycler (Qiagen®). 
The thermal cycling profile was: Initial denaturation at 95°C by 5 min 
followed by 35 cycles of denaturation at 95°C x 10s, annealing at 55°C x 
30s and an extension at 72°C x 10s. Finally, the temperature was increased 
1°C between 75 to 90°C. The HRMA analysis was done using Rotor 

Gene Q Software v2.1.0. This method allowed identifies five different 
pattern curves corresponding to each one of the reference Leishmania 
strains. The samples evaluated were identified as L. braziliensis (52), L. 
peruviana (59), L. guyanensis (54), L. amazonensis (29), L. lainsoni 
(15) and L. mexicana (4). Twenty six samples (12%) were confirmed by 
partial sequencing of cytochrome B gene using GeneBank/DDBJ/EMBL 
databases. Of these samples, we found four discordances between HRMA 
and sequencing of Cyt B gene: Two strain of L. braziliensis which were 
identified previously as L. guyanensis; one strain of L. amazonensis 
and L. guyanensis, were identified both as L. (V.) braziliensis by HRMA 
respectively. It is necessary the evaluation of this HRMA with a greater 
number of samples to determine the real power of this technique as an 
identification method of Leishmania species.

1089
IMMUNO-ENZIMATIC EVALUATION OF THE TCTASV PROTEIN 
FAMILY OF TRYPANOSOMA CRUZI AS A TOOL TO DIAGNOSE 
NATURAL INFECTION OF DOGS FROM ENDEMIC AREAS

Noelia Floridia-Yapur1, Valeria Tekiel2, Anahí Alberti D’ Amato3, 
Mercedes Monje Rumi3, Juan José Lauthier3, Nicolás Tomasini3, 
Paula Ragone3, Patricio Diosque3, Rubén Cimino1, Julio Nasser1

1Instituto de Investigaciones en Enfermedades Tropicales, San Ramón de la 
Nueva Orán, Salta, Argentina, 2Instituto de Investigaciones Biotecnológicas 
“R. Ugalde”, IIB-Intech, UNSAM-CONICET, Buenos Aires, Argentina, 
3Unidad de Epidemiología Molecular, Instituto de Patología Experimental, 
CONICET, Universidad Nacional de Salta, Salta, Argentina

Chagas disease, produced by Trypanosoma cruzi, affects millions 
of people worldwide. High incidences of human infection and vector 
transmission are still reported in endemic regions like the Gran Chaco, 
due to partial success of triatomine control programs. In this area, dogs 
represent important reservoirs of the parasite in domestic environments. 
Canine infection correlates with the risk of transmission to humans, 
therefore, proper methods to detect the parasite in dogs are needed. The 
novel TcTASV protein family (subfamilies A, B, C) has no orthologs in other 
species and is differentially expressed in bloodstream trypomastigotes, 
suggesting that these antigens could be useful to diagnose T. cruzi 
infection. The aim of this study was to assess the antibody response to 
TcTASV-A, B and C proteins in dogs naturally infected with T. cruzi using 
ELISA. We produced a representative member of each subfamily (Ags: A, B 
and C) with a GST-tag, and GST. Three groups of sera were evaluated. GI: 
30 healthy dogs from non-endemic area, with negative ELISA-epimastigote 
protein extract (ELISA-HT); GII: 35 infected dogs from Chaco, ELISA-HT 
positive; and GIII: 35 infected dogs with positive ELISA-HT that also had 
T. cruzi detection by xenodiagnoses and/or PCR. Each sample was tested 
in duplicate against TcTASV antigens individually or combined and against 
GST (background control). Sensitivity (Se), Specificity (Sp), AUC ROC and 
Kappa Index (KI) were estimated for all assays, considering GI and GIII as 
controls. A-ELISA and C-ELISA, obtained the highest sensitivities: 65.7% 
and 74.3%, with 0.83 and 0.86 AUC ROC, respectively, indicating high 
accuracy of these tests. All assays were 100% Sp, except for B-ELISA 
(50%) that also had a poor reactivity in GII and GIII sera. The ELISA with 
the A+C mixture obtained 94.3% Se and 0.99 AUC ROC, proving that the 
combined use of these antigens has desirable diagnostic performance that 
could be useful to detect the infection in dogs in endemic regions. The 
mean OD in GIII samples was significantly higher than in GII samples, in 
C-ELISA and A+C-ELISA, suggesting that TcTASV-C antigen could have a 
role in the acute phase of infection.
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1090
QUANTIFICATION OF MACROPHAGE MARKERS NEOPTERIN 
AND CHITOTRIOSIDASE ACTIVITY TO MONITOR VISCERAL 
LEISHMANIASIS TREATMENT RESPONSE

Antonia E. Kip1, Jan H. Schellens2, Jos H. Beijnen1, Thomas P. 
Dorlo3

1Antoni van Leeuwenhoek Hospital/Slotervaart Hospital, Amsterdam, 
Netherlands, 2Antoni van Leeuwenhoek Hospital, Amsterdam, 
Netherlands, 3Pharmacometrics Group, Uppsala University, Sweden

As a 6 month follow-up is required to establish final cure, 
pharmacodynamic (PD) biomarkers are potentially useful to monitor 
treatment response in visceral leishmaniasis (VL), but have not been 
identified yet. Leishmania parasites replicate within host macrophages, 
thereby increasing the overall macrophage biomass, decreasing again 
with waning parasitic infection. Neopterin and chitotriosidase activity are 
markers of macrophage activation and their potential use as PD markers 
in VL was evaluated in this analysis. Plasma samples were collected from 
VL patients in Sudan and Kenya, receiving 2 different treatments: (i) 
combination therapy (liposomal amphotericin B, L-AmB + miltefosine) 
or (ii) miltefosine monotherapy. Neopterin was quantified by ELISA 
(133 samples, 31 patients) and chitotriosidase activity by an enzymatic 
fluorescent assay (116 samples, 29 patients), during and after treatment. 
All values are reported as mean ±95% CI. Baseline neopterin levels were 
elevated (90.6±11.4 nmol/L) compared to normal (<10 nmol/L) and 
decreased during treatment to 35.9±13.1 nmol/L for combination and 
23.3±8.05 nmol/L for monotherapy. On day 7, neopterin concentrations 
halved for the combination therapy, while for monotherapy they only 
started to decrease after day 7. Mean neopterin concentrations one 
day after L-AmB infusion were significantly higher for cured (124±30.1 
nmol/L) than for relapsed patients (79.3±14.3 nmol/L, P<0.01), indicating 
neopterin levels exhibit a prognostic value for the combination therapy. 
The initial surge in neopterin in cured patients, could imply an instant 
immunomodulatory effect of L-AmB. The baseline mean chitotriosidase 
activity was 317±169 nmol/mL/hr, with large between-subject variability, 
and decreased in response to both treatments. 1-month follow-up activity 
increased significantly in relapsing patients (n=10), while cured patients 
(n=9) retained stable levels (P<0.001), compared to end of treatment. 
However, a chitotriosidase deficiency-rate of 26.3% was found in Kenyan 
patients (~5% in Caucasians,) which causes chitotriosidase activity to lack 
sensitivity as a biomarker.

1091
EFFECTIVENESS OF ORAL PENTOXIFYLLINE PLUS 
SODIUM STIBOGLUCONATE THERAPY VERSUS SODIUM 
STIBOGLUCONATE MONOTHERAPY IN MUCOSAL 
LEISHMANIASIS: A RETROSPECTIVE COHORT

Fatima Rosario Concha Velasco
Regional Direction of Health, Cusco, Peru

Treatment failure in mucosal leishmaniasis occurs in 7-30% of patients 
treated with antimonials. Pentoxifylline is a xanthine oxidase inhibitor with 
anti-inflammatory effects that if it is used in addition to antimonials may 
improve the effectiveness of mucosal leishmaniasis therapy. The aim of the 
study was to determine the effectiveness of sodium stibogluconate therapy 
plus oral pentoxifylline compared to sodium stibogluconate monotherapy 
in mucosal leishmaniasis. Data was collected retrospectively from clinical 
records of consecutive patients treated and with complete follow-up at a 
reference center in Lima, Peru. Sodium stibogluconate was administered 
intravenously at 20mg per kg of body weight per day and pentoxifylline 
was administered orally at 400 mg 3 times daily. Effectiveness was defined 
as clinical cure with complete reepithelization of the mucosal tissue and 
absence of inflammatory activity 180 days after 30 days of treatment. 
Treatment assignment depended on pentoxifylline availability without 
random assignment. A retrospective cohort analysis was conducted 

calculating crude and adjusted relative risks (RR) of treatment effectiveness 
using a robust Poisson regression. A total of 234 eligible patients were 
enrolled and 205 (90%) were evaluated at six months. Combined 
therapy and monotherapy groups were only different by sex (proportion 
male: 78% versus 91%, p=0.022). Effectiveness of monotherapy and 
pentoxifylline combined therapy was 61% (85/139) and 79% (52/66), 
respectively (p=0.011). The difference remained significant (RR: 1.34, 95% 
confidence interval: 1.10-1.56, p=0.002) after adjusting for severity and 
sex. Adjusting for therapy, better effectiveness was observed when the 
oral mucosal was also affected compared to nasal tissue only, without 
a significant interaction between therapy and oral tissue involvement. 
In conclusion combined therapy of sodium stibogluconate plus oral 
pentoxifylline is more effective than sodium stibogluconate monotherapy 
for mucosal leishmaniasis. Randomized, experimental trials may give 
additional validity to this finding.

1092
BACTERIAL CELLULOSE BIO-CURATIVES CONTAINING 
DIETHYLDITHIOCARBAMATE (DETC) FOR THE TOPICAL 
TREATMENT OF CUTANEOUS LEISHMANIASIS CAUSED BY 
LEISHMANIA BRAZILIENSIS

Fabiana S. Celes1, Eliane Trovatti2, Ricardo Khouri1, Johan Van 
Weyenbergh3, Sidney J. Ribeiro2, Valéria M. Borges1, Hernane 
Barud2, Camila I. de Oliveira1

1Centro de Pesquisas Gonçalo Moniz - FIOCRUZ BA, Salvador (BA), Brazil, 
2Instituto de Química, Universidade Estadual Paulista, Araraquara (SP), 
Brazil, 3Rega Institute for Medical Research, Department of Microbiology 
and Immunology, K.U. Leuven, Leuven, Belgium

Leishmaniasis remains a worldwide public health problem. The limited 
therapeutic options, drug toxicity and reports of resistance reinforce the 
need for the development of new treatment options. Herein, we tested 
a topical formulation of bacterial cellulose (BC) membranes containing 
Diethyldithiocarbamate (DETC), a superoxide dismutase 1 inhibitor. 
Exposure of leishmania-infected murine macrophages to BC-DETC resulted 
in a dose-dependent killing of intracellular parasites, without pronounced 
toxic effects to host cells. Parasite killing was associated with decreased 
SOD1 activity paralleled by the increased production of superoxide and 
pro-inflammatory mediators. Topical application of BC-DETC to dermal 
lesions significantly decreased ear thickness and parasite load at the 
infection site. Additionally, expression of IFN-γ and TNF-α, was down 
modulated in situ as well as in recall responses employing draining lymph 
node cells. BC-DETC also decreased parasite load following exposure to 
human macrophages infected with Leishmania braziliensis, an effect 
reversed in the presence of anti-oxidants. These results highlight the 
feasibility of using BC-DETC as a topical formulation for chemotherapy of 
cutaneous leishmaniasis caused by L. braziliensis.

1093
REPURPOSING OF FINGOLIMOD FOR THE TREATMENT OF 
HUMAN AFRICAN TRYPANOSOMIASIS

Amy J. Jones, Graeme Stevenson, Vicky M. Avery
Eskitis Institute for Drug Discovery, Brisbane, Australia

Human African trypanosomiasis (HAT) is a parasitic disease caused by 
the protozoan parasites Trypanosoma brucei rhodesiense and T.b. 
gambiense. Currently prevalent in 36 sub-Saharan countries the disease 
inflicts a significant degree of morbidity and mortality accounting for the 
loss of over 560,000 disability adjusted life years each year. An estimated 
20,000 cases of HAT occur annually, nearly all of which are fatal without 
adequate treatment. However, treatment of HAT is currently reliant on 
a small number of drugs nearly all of which have poor safety profiles 
and complicated, prolonged administration schedules. New drugs are 
desperately needed for HAT. The high-throughput screening of an inhouse 
compound library containing licensed drugs and compounds that had 
reached the late stages of clinical development led to the identification 
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of Fingolimod (Glienya®) as a promising lead compound for HAT. 
Fingolimod is an orally available drug currently licensed for the treatment 
of relapsing multiple sclerosis (MS). The compound exhibited an IC50 of 
0.59 µM against T.b. brucei with a selectivity index (SI) of 17 against the 
mammalian cell line HEK293. Importantly the compound also displayed 
potent activity against the human infective subspecies, T.b. rhodesiense 
and T.b. gambiense with IC50 values of 0.69 and 0.021 µM, respectively. 
Fingolimod is cidal in action with T.b. brucei parasites being eliminated 
within 48 hours following exposure to the minimum inhibitory 90 (MI90) 
concentration. Disappointingly, Fingolimod exhibited no in-vivo activity 
in acute or CNS murine models of HAT. These poor in-vivo results led to 
the evaluation of commercially available analogues of Fingolimod and the 
initiation of a medicinal chemistry program in order to produce analogues 
of Fingolimod with in-vivo trypanocidal activity. In this presentation the 
identification of Fingolimod is discussed along with the results obtained to 
date against T. brucei spp and the steps taken to optimise and progress 
the drug along the drug discovery pipeline for HAT.

1094
USING A CONSENSUS TECHNIQUE TO IMPROVE THE 
METHODOLOGY OF CLINICAL TRIALS ASSESSING 
TREATMENTS FOR CUTANEOUS LEISHMANIASIS (CL)

Astrid Erber1, Liliana Lopez Carvajal2, Byron Arana3, Trudie Lang1, 
Piero Olliaro4

1University of Oxford, Oxford, United Kingdom, 2Universidad de Antioquia, 
Medellin, Colombia, 3Drugs for Neglected Diseases Initiative, Geneva, 
Switzerland, 4UNICEF/UNDP/WB/World Health Organization Special 
Programme for Research and Training in Tropical Diseases, Geneva, 
Switzerland

The term Cutaneous Leishmaniasis (CL) includes a variety of disease 
manifestations caused by Leishmania species in the old and the new 
world. Despite an estimated 0.7-1.3 million new cases each year, CL is not 
life-threatening and is not assigned a high burden of disease; however, it 
causes visible, generally long-lasting lesions leaving potentially life-long 
scars. There are few treatment options, and recommendations have a 
weak evidence base: systematic published reviews  pointed to a lack of 
methodological standardization in the conduct and analysis of clinical trials 
of CL interventions. In order for both current and newer treatments to be 
adequately assessed, standardised trial methodologies are needed which 
can be applied generally, while allowing the flexibility required to cover 
the diverse disease manifestations. This would provide clinical investigators 
with guidance for the design, conduct, analysis and report of future 
clinical trials of CL treatments, including the definition of measurable, 
reproducible and clinically meaningful outcomes. A guidance document is 
available. To further broaden the base for consensus, we involve a range of 
stakeholders (researchers, care-providers (physicians, nurses) and patients) 
to define key methodological questions regarding whom to treat and 
how to measure treatment effects (core eligibility criteria, core outcome 
measures). An iterative online Delphi-type consensus methodology is 
used. A call for expression of interest in February 2015 was answered by 
around 120 researchers and care-givers. Additional input is being sought 
from patients via interviews (56 applications received; selected candidates 
will also receive specific training in patient interviews). CL is used as a 
case-study to assess whether the key stakeholders can be identified and 
encouraged to collaborate using an innovative, participatory approach. 
The project is in progress; results from the first two Delphi rounds will be 
presented.

1095
DETECTING TRYPANOSOMA CRUZI ANTIGENS WITH 
NANOPARTICLES

Elisabeth S. Attupina Figueroa1, Edith S. Malaga Machaca1, 
Robert H. Gilman2, Remo Gonza Luque1, Maritza Calderon 
Sanchez1, Alessandra Romero1, Noelia P. Angulo Surca1, Holger 
Mayta1

1Universidad Peruana Cayetano Heredia, Lima, Peru, 2Johns Hopkins 
Bloomberg School of Public Health, Baltimore, MD, United States

Chagas disease, caused by the protozoan parasite Trypanosoma 
cruzi, is one of the major health problems affecting the Latin American 
population. The World Health Organization estimates that approximately 
16 to 18 million people are chronically infected, and 120 million are at 
risk of contracting the disease. Currently there is no gold standard test for 
the diagnosis of Chagas disease, and immunological diagnosis is based 
on the detection of anti-T. cruzi antibodies. However, these tests have 
poor specificity and have been known to cross react with other endemic 
diseases. Moreover, the efficacy varies depending on the genetic makeup 
of both the parasite and the human population studied, and even despite 
successful treatment and parasite eradication, the immunologic tests 
may remain positive. Alternatively, antigen detection tests may provide a 
solution to these issues, as they are able to directly detect the presence of 
the parasite in a sample. This work aims to develop a screening test for 
the detection of T. cruzi antigens. For this purpose we have developed 
specific antibodies against a panel of T. cruzi antigens (membrane, 
flagella, and excretory/secretory proteins), from rabbits, chickens and 
alpacas. The purified antibodies have been evaluated by Western blot, 
and have shown different banding patterns, even when presented with 
the exact same antigen. These antibodies will next be tested in an ELISA 
format. We plan to perform a pilot study using nanoparticles in an ELISA 
platform to increase the conventional assay’s sensitivity in samples from 
chronic Chagas disease patients. One goal of this work is to determine the 
potential of this antigen detection test to be used as a rapid diagnostic test 
(RDT) that can be transferred to laboratories in endemic areas as a way to 
reliably detect and thereby treat Chagas disease.

1096
AN IMAGE-BASED, HIGH THROUGHPUT ASSAY FOR 
PROFILING THE ACTIVITY OF SELECTIVE INHIBITORS 
AGAINST TRYPANOSOMA CRUZI FROM THE MMV MALARIA 
BOX COLLECTION

Melissa L. Sykes, Vicky M. Avery
Eskitis Institute for Drug Discovery, Griffith University, Brisbane, Australia

Treatment of Chagas disease caused by Trypanosoma cruzi is limited 
to drugs with known side effects and questionable efficacy against the 
chronic phase of the disease. The search for more effective, less toxic 
drugs is imperative for improved treatment of T. cruzi infection. To identify 
new compounds with anti-T. cruzi activity, a high throughput, image-
based assay was developed to visualise the effect of compounds against 
the intracellular amastigote life cycle stage. A prototype of the Medicines 
for Malaria Venture (MMV) Malaria Box containing 641 molecules, with 
previously demonstrated activity against Plasmodium falciparum, was 
screened against T. cruzi. The activity of compounds against the parasite 
and the host cells were estimated in one well by the use of fluorescent 
markers. Compounds with an IC50 value of <10 µM and a selectivity index 
of >10 were considered for further evaluation. Nine molecules with activity 
against T. cruzi amastigotes were identified. Of these, six compounds had 
previous reported activity against T. cruzi, supporting the use of this assay, 
whilst three remaining compounds were not reported in the literature. 
These were evaluated for activity against the mammalian cell line HEK293, 
and against T. cruzi trypomastigotes in whole cell viability-based assays 
utilising the redox dyes, Resazurin and PrestoBlue, respectively. Lack of 
activity in these assays suggested selective activity against amastigotes 
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with IC50 values of 1.2 and 1.7 µM and 3.6 µM and selectivity indices of 
59 and 42 and 21, respectively toward the parasite over 3T3/ HEK293 
cells. As compounds did not remove 100% of parasites from host cells 
at the EC100, modification of the image-based assay was undertaken to 
determine the clearance of parasites following removal of compound, 
important for the chronic phase of the disease. The incubation time was 
separately extended, to determine efficacy over time. These 3 structures, 
from different chemical classes, serve as chemical starting points for T. 
cruzi research. 

1097
PROBING A SMALL MOLECULE SCAFFOLD TO IDENTIFY 
NOVEL INHIBITORS OF TRYPANOSOMA BRUCEI, 
TRYPANOSOMA CRUZI, AND LEISHMANIA DONOVANI 

Jeannie Moore Stubblefield, Alexis M. Gross, Charlie R. Boyle, 
Nicoletta Guglielmi, Scott Handy, Anthony L. Newsome
Middle Tennessee State University, Murfreesboro, TN, United States

Three of most devastating Neglected Tropical Diseases - African 
Trypanosomiasis, Chagas Disease and the Leishmaniases - are caused 
by vector-borne, flagellated protozoa. An estimated 30,000 people 
are infected and up to 70 million are at risk of developing African 
Trypanosomiasis (also known as African Sleeping Sickness,) which is 
caused by Trypanosoma brucei. Trypanosoma cruzi is the causative 
agent of Chagas Disease, which affects an estimated 7-8 million people. 
Although Chagas is primarily classed as a disease of poverty endemic 
to Latin and South America, it is considered an emerging disease in the 
United States. The Leishmaniases, which are caused by various subspecies 
of Leishmania, affect an estimated 10-12 million people in almost 
100 countries. All three can be extremely debilitating and even fatal if 
untreated. However, current drug therapies have issues with toxicity 
and there are growing concerns about developing resistance. There is 
an urgent need to develop new drugs that are safer and more effective 
to treat these devastating diseases. In this study, derivatives of a small 
molecule with known antimicrobial properties were synthesized and 
screened for inhibitory activity against the bloodstream form of T. brucei. 
Compounds were also screened against a rat skeletal myoblast line (L6) 
and macrophages differentiated from a human monocyte line (THP-1) to 
gauge cytotoxicity. Compounds with low toxicity were further screened 
against the intracellular forms of T. cruzi and L. donovani. These screens 
identified several novel compounds with IC50 values in the low micromolar 
range and low cytotoxicity that have potential to be developed into new 
drug therapies for these diseases.  

1098
COST-EFFECTIVENESS OF DIAGNOSTIC-THERAPEUTIC 
STRATEGIES FOR PEDIATRIC VISCERAL LEISHMANIASIS IN 
MOROCCO

Albert Picado1, Nabil Tachfouti2, Sergi Alonso1, Adil Najdi2, 
Chakib Nejjari2, Elisa Sicuri1
1ISGlobal, Barcelona, Spain, 2Sidi Mohamed Ben Abdillah University, Fes, 
Morocco

Visceral leishmaniasis (VL) is a neglected parasitic disease that is fatal if left 
untreated. VL is endemic in Morocco and other countries in North Africa 
were it mainly affects children from rural areas. In Morocco, the direct 
observation of Leishmania parasites in bone marrow aspirates is used to 
diagnose VL and antimonials (Sb for 20 days) is the first line of treatment. 
In this study we evaluate the cost and cost-effectiveness of alternative 
diagnostic-therapeutic strategies for pediatric VL in Morocco. In particular 
we evaluate the use of liposomal amphotericin B (L-AmB), the safest and 
most efficacious anti-leishmanial drug. A decision-analysis model was used 
to estimate the cost-effectiveness of using RDT and/or short course L-AmB 
to manage VL pediatric cases in Morocco compared to the current clinical 
practices. Incremental cost-effectiveness ratios (ICERs), expressed as cost 
per death averted, were estimated by comparing costs and effectiveness 

of the alternative algorithms with the current practices. This study shows 
that using RDT and/or implementing short course L-AmB treatments would 
be cost-effective in the Moroccan context according to the World Health 
Organization (WHO) criteria. In particular, if L-AmB is purchased at a 
preferential price (18 US$ per vial) the use of this drug to treat pediatric VL 
cases would be less expensive than antimonials. The results of this study 
should encourage the implementation of RDT and/or short course L-AmB 
treatments for pediatric VL in Morocco and other countries in North Africa 
facing similar challenges.

1099
IGG PRODUCTION, CIRCULATING IMUNE COMPLEXES 
AND IGG AVIDITY MATURATION DURING EXPERIMENTAL 
HAMSTER VISCERAL LEISHMANIASIS

Camila Aparecida de Carvalho1, Thiago Fidelis Ferrão2, Heitor 
Franco de Andrade Jr.2

1Tropical Medicine Institute/ Biomedical Sciences Institute at University of 
São Paulo, São Paulo, Brazil, 2Tropical Medicine Institute, São Paulo, Brazil

Visceral leishmaniasis (VL) is a neglected disease according World Health 
Organization, with about 300,000 cases and 20,000 deaths annually. 
Hypergammaglobulinemia is found in VL but is not associated to 
effective control of the disease. Circulating immune complexes (CIC) 
were associated with hypergammaglobulinemia and we showed that CIC 
could interfere in the positivity of serology in infected hamsters, dogs and 
humans. Widely used in epidemiology, serology does not distinguish active 
disease and may be inconclusive due to the presence of CIC. We study 
Leishmania CIC during experimental infection in hamsters and its impact 
in conventional serology. Serum samples from L. (L.) infantum chagasi 
infected hamsters were collected at 15, 30, 45, 60 and 90 days after 5x107 
amastigote infection. For detecting IgG and its avidity and CIC we used 
solid phase conventional ELISA with or without 6M Urea washing (cELISA), 
an antigen capture ELISA assay using anti promastigote rabbit IgG in solid 
phase and a biotinylated anti Leishmania rabbit IgG as conjugate (DAC) 
and a dissociative pH shock ELISA, which is performing by diluted sample 
brought at pH 2,5 added to well, followed by neutralization, reaction 
and subsequent conjugate incubation (dELISA). Using cELISA specific 
IgG showed gradual increase, with higher levels found after 30 days of 
infection. Detection of circulating antigen by DAC and the IgG increment 
in dELISA identified positive CIC samples in most periods of infection. 
Highest frequency of positive samples was found at 30 days of infection 
(28% and 54.1%, respectively). ELISA IgG avidity showed the same 
proportion of high-avidity antibodies in all periods of infection, suggesting 
absence of avidity maturation of anti-Leishmania IgG antibodies. The 
association of these results indicates that during the experimental VL in 
hamsters, CIC were present and interfere with conventional serology, 
and could be also associated to immunopathology due to the absence of 
antibody avidity maturation. Antibodies and circulating immune complexes 
could be involved in the establishment of ineffective immune response 
associated to B cell activation in experimental VL.

1100
A SIMPLE COLORIMETRIC ASSAY FOR HIGH-THROUGHPUT 
SCREENING OF POTENTIAL DRUG COMPOUNDS AGAINST 
INTRACELLULAR AMASTIGOSTES OF LEISHMANIA

Henk Schallig, Erika Van den Bogaart, Gerard Schoone
Royal Tropical Institute, Amsterdam, Netherlands

There is a pressing need to identify new drugs (leadcompounds against 
Leishmania parasites as current medication is old, often toxic and failing 
due to resistance. Critical to the search for new anti-leishmanial drugs 
(or lead compounds) is the availability of high-throughput screening 
(HTS) methods to test chemical compounds against the relevant stage 
for disease pathogenesis, the intracellular amastigotes. Recent progress 
in automated microscopy and genetic recombination have produced 
powerful tools for drug discovery. Nevertheless, a simple and efficient 
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test for measuring drug activity against Leishmania clinical isolates is 
lacking. At KIT Biomedical Research (Parasitology Unit), we have developed 
a quantitative colorimetric assay, whereby the activity of a Leishmania 
native enzyme is used to assess parasite viability. Enzymatic reduction of 
disulphide-trypanothione, monitored by a microtiter plate reader, was used 
to quantify the growth of Leishmania parasites. An excellent correlation 
was found between the optical density, as measured at 412nm, and 
the number of parasites inoculated. Pharmacological validation of the 
assay was performed against the conventional AlamarBlue® method for 
promastigotes or standard microscopy for intracellular amastigotes. The 
activity of a selected-compound panel, including several anti-leishmanial 
reference drugs, demonstrated high consistency between the newly 
developed assay and the reference method, and corroborated with 
previously published data. Quality assessment with standard measures 
confirmed the robustness and reproducibility of the assay, which 
performed in compliance with HTS requirements. This simple and rapid 
assay provides a reliable, accurate method for screening anti-leishmanial 
agents, at high-throughput. The basic equipment and manipulation 
required to perform the assay makes it easy to implement, simplifying the 
methodology for scoring inhibitor assays.

1101
BENZNIDAZOLE-RELATED ADVERSE DRUG REACTIONS IN 
BRAZILIAN PATIENTS WITH CHAGAS DISEASE

Carlos H. Moreira1, Noemia B. Carvalho2, Rosário Q. Ferrufino2, 
Cristina M. Guastini2, José Ângelo L. Lindoso3, Léa C. Oliveira4, 
Erika R. Manuli5, Marcela Souza5, Ester C. Sabino6

1Institute of Infectology Emilio Ribas, Laboratory of Parasitology, Tropical 
Medicine Institute of São Paulo, University of São Paulo, São Paulo, 
Brazil, 2Division of Infectious Diseases, Hospital das Clinicas de São Paulo, 
School of Medicine, University of São Paulo, São Paulo, Brazil, 3Institute 
of Infectology Emílio Ribas, Laboratory of Seroepidemiology, Tropical 
Medicine Institute of São Paulo, University of São Paulo, São Paulo, Brazil, 
4Laboratory of Medicine laboratorial, Hospital das Clínicas de São Paulo, 
School of Medicine, University of São Paulo, São Paulo, Brazil, 5Laboratory 
of Parasitology, Tropical Medicine Institute of São Paulo, University of São 
Paulo, São Paulo, Brazil, 6Laboratory of Parasitology, Tropical Medicine 
Institute of São Paulo, University of São Paulo, São Paulo, Brazil

There are only two drugs approved for the treatment of Chagas disease: 
benznidazole (BZN) and nifurtimox. Both present a wide spectrum of 
toxicity. BZN is the only one available in Brazil and the response rate and 
adverse drug reactions (ADRs) are extremely variable. There are few studies 
describing in details the ADRs during the treatment of adult patients with 
BZN. We have established a prospective cohort study that followed 93 
Trypanosoma cruzi infected adults, (age between 18 - 65 years), with the 
chronic indeterminate form of the disease, with mild to moderate cardiac 
or digestive involvement, without advanced forms during BZN treatment 
(5mg/kg/day, up to 300mg/day for 60 days). Patients were evaluated in 
3 schedules visits for adhesion and ADRs (approximately 15th, 30th and 
60th day after treatment initiation). They were informed to call a dedicated 
line if they presented with ADRs, and they received prompt medical 
evaluation if needed. Of the 93 patients, 63 (67.7%) informed at least 
one ADR and 18 (19.4%) had to interrupt the treatment (4 temporally 
and 14 permanently). The majority of ADRs, 57 (90.5%) occurred 
during the first 15 days of treatment, 22 (34.9%) patients related ADRs 
on schedule visit day 30. The most frequent ADRs were related to skin 
(47%), gastrointestinal (47.6%) and peripheral nervous system (31.7%). 
ADRs were less common among individuals receiving a proton pump 
inhibitor, omeprazole (p=0.0002), OR=0.02 (CI 0.001-0.45), and more 
common among individuals using hydrochlorothiazide (p=0.047), OR=4.5, 
(CI 0.97-21.5). ADRs were not associated with age, gender, skin color, 
education and comorbidities, such as diabetes and hypertension. The ADRs 
symptoms disappeared after BZN interruption and the administration of 
drugs to manage the skin manifestations and gastrointestinal symptoms. 
Two patients with severe ADRs were hospitalized in the emergency for less 
than 24hs to receive intravenous glucocorticoids. There was no fatal event 

in this cohort. In conclusion, ADRs are common during BZN treatment, 
but they can be manageable with orientation and easy access to the 
physicians.

1102
CLINICAL AND HISTOPATHOLOGICAL CHARACTERISTICS 
OF CUTANEOUS LEISHMANIASIS IN A GROUP OF MILITARY 
PERSONNEL IN SRI LANKA

Nuwani H. Manamperi1, Charisma S. Fernando2, Nishantha 
Pathirana3, Wimaladharma Abeyewickreme1, Vipula C. de Silva2, 
Nadira D. Karunaweera2

1University of Kelaniya, Ragama, Sri Lanka, 2University of Colombo, 
Colombo, Sri Lanka, 3Sri Lanka Army Medical Services, Colombo, Sri Lanka

Cutaneous leishmaniasis (CL) is a newly established vector-borne parasitic 
disease in Sri Lanka. Military personnel have an occupational risk for 
CL due to being stationed in endemic areas and exposure to vectors 
outdoors. This study describes the clinical and histopathological features 
of CL in a group of military personnel. Thirty five patients with smear 
positive for Leishmania amastigotes were included, their data analyzed 
for clinical features and skin biopsies processed routinely for histology, 
examined at a conference microscope and classified into 4 groups using 
modified Ridley criteria for Leishmaniasis as: I-parasitized macrophages 
with variable lymphocytes and plasma cells; II-parasitized macrophages 
with lymphocytes, plasma cells and ill formed histiocytic granulomata; III-a 
mixture of macrophages (with or without parasites), lymphocytes, plasma 
cells and epithelioid granulomata; IV-epithelioid granulomatous response 
with a few lymphocytes and plasma cells but no amastigotes. Lesions were 
categorized by duration, as acute (< 6 months) or chronic (≥ 6 months). 
Study group composed of all males with a mean age of 32.6 years (range 
22-47) and lesion duration of 5.6 months (range 1-24). Number of lesions 
varied from 1 to 6 with majority (71.4%, n= 25) having a single lesion. 
Nodular (37.1%, n=13) and nodulo-ulcerative (25.7%, n=9) lesions in 
upper limbs (68.6%, n=24) was the commonest presentation. Twenty 
nine (82.9%) of the biopsies were positive also by histology. Twenty 
two (62.9%) were acute and 13 (37.1%) chronic. Group I, II, III and IV 
patterns were seen in 14 (40%), 12 (34.3%), 5 (14.3%) and 4 (11.4%) 
respectively and 9 (40.9%), 9 (40.9%), 2 (9.1%) and 2 (9.1%) of acute 
lesions and 5 (38.5%), 3 (23.1%), 3 (23.1%) and 2 (15.4%) of chronic 
lesions respectively. Necrosis was not seen in any of the lesions. Majority 
in this group of military personnel with CL had single lesions affecting the 
upper limbs and sought treatment within 2 years of appearance of lesions. 
The histological picture varied from diffuse infiltration of parasitized 
macrophages admixed with chronic inflammatory cells to ill-formed 
histiocytic granulomata.

1103
EVALUATING THE COST-EFFECTIVENESS OF DIFFERENT 
SCREENING STRATEGIES FOR HUMAN AFRICAN 
TRYPANOSOMIASIS IN THE DEMOCRATIC REPUBLIC OF THE 
CONGO

Paul R. Bessell1, Crispin Lumbala2, Pascal Lutumba3, Sylvain 
Baloji2, Sylvain Biéler4, Joseph M. Ndung’u4

1Epi Interventions Ltd., Edinburgh, United Kingdom, 2PNLTHA, Kinshasa, 
Democratic Republic of the Congo, 3University of Kinshasa, Kinshasa, 
Democratic Republic of the Congo, 4FIND, Geneva, Switzerland

Human African trypanosomiasis (HAT), caused by the protozoan 
Trypanosoma brucei gambiense is a neglected tropical disease that is 
endemic in many areas of sub-Saharan Africa. Interruption of transmission 
requires the early diagnosis and treatment of cases among suspects 
that are identified using a screening test. Screening for HAT has been 
performed using the card agglutination test for trypanosomiasis (CATT), 
but recently, rapid diagnostic tests (RDTs) have been developed that, 
unlike CATT, are thermostable and do not require electricity. In a clinical 
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trial carried out in the Democratic Republic of the Congo (DRC), the SD 
BIOLINE HAT RDT had a higher sensitivity, but a lower specificity than CATT 
in active screening (by mobile teams) and passive screening at healthcare 
facilities. This study estimates the cost-effectiveness of using the RDT and 
CATT in different algorithms and diagnostic infrastructures. Data on HAT 
prevalence and performance of diagnostic tests were collected during 
the RDT clinical trial. These data informed a stochastic epidemiological 
model incorporating the number of people presenting for screening, 
infection rates, the number of cases detected at screening, and the 
number subsequently confirmed and cured. Into this we incorporated the 
costs incurred when screening was done by CATT or by RDT in passive 
or active screening. The RDT was the most cost-effective screening test, 
costing 406 and 394 USD per case cured in active and passive screening 
respectively, cheaper than CATT by 131 USD in active and 118 USD in 
passive screening. Sensitivity analysis demonstrated that these conclusions 
were robust to a number of assumptions, and that the results could be 
scaled to smaller or larger healthcare facilities and a range of prevalences 
of HAT. By analyzing the cost-effectiveness of different screening tests in 
different diagnostic settings, we have provided valuable information on 
diagnostic options to the HAT control program in DRC. Crucially, the RDT 
remains the most cost-effective test as prevalence declines and HAT nears 
elimination. We conclude that the RDT should be recommended as the 
routine screening test in the DRC.

1104
ENZOOTIC TRANSMISSION AND ECOLOGY OF ARBOVIRUSES 
IN SYLVATIC REGIONS OF KENYA

Gillian Eastwood1, Rosemary C. Sang2, Scott C. Weaver1

1University of Texas Medical Branch, Galveston, TX, United States, 2Centre 
for Virus Research, Kenya Medical Research Institute, Nairobi, Kenya

Prompted by the re-emergence of chikungunya virus [CHIKV] originating 
in Kenya in 2004 (which subsequently spread into the Indian Ocean 
and beyond, with adaptation to transmission by Aedes albopictus), we 
investigated potential enzootic sources of CHIKV and similar arboviruses 
in East Africa that could lead to similar spillover events of medical or 
veterinary importance. Sylvatic cycles e.g. circulation between non-human 
primates and arboreal Aedes spp. mosquitoes, are hypothesized based on 
studies in West Africa and Asia. By sampling sylvatic mosquito vectors at 
multiple forest sites across Kenya, and potential vertebrate reservoir hosts 
(including recent surveys of non-human primates) at two regions (coastal 
and western Kenya), we assessed possible foci for outbreak scenarios and 
evidence for enzootic circulation of arboviruses. Virus detection methods 
and serological assays were used to screen for infection in 1187 pools 
of mosquitoes of 43 species, and for antibody presence in 41 rodents (2 
species) and 77 non-human primates (4 species), as well as in banked 
primate samples. We discuss isolation of viral agents, and seroprevalence 
for o’nyong nyong virus, dengue (1-4) and chikungunya viruses, as well as 
characterization of vector species diversity. Understanding of the enzootic 
ecology of arboviruses, and where human contact with sylvatic pathogen 
cycles occur, is critical to limit future disease outbreaks.

1105
MIXED METHODS SURVEY OF ZOONOTIC DISEASE 
AWARENESS AND PRACTICE AMONG ANIMAL AND HUMAN 
HEALTHCARE PROVIDERS IN MOSHI, TANZANIA

Helen L. Zhang1, Kunda W. Mnzava2, Sarah T. Mitchell3, Matayo 
L. Melubo2, Tito J. Kibona2, Joanne P. Sharp4, Rudovick R. 
Kazwala5, Sarah Cleaveland6, John A. Crump3, Jo E. Halliday6

1Duke University Medical Center, Durham, NC, United States, 2Nelson 
Mandela African Institute of Science and Technology, Arusha, United 
Republic of Tanzania, 3Centre for International Health, University of Otago, 
Dunedin, New Zealand, 4School of Geographical and Earth Sciences, 
University of Glasgow, Glasgow, United Kingdom, 5Sokoine University 
of Agriculture, Morogoro, United Republic of Tanzania, 6Institute of 
Biodiversity, Animal Health and Comparative Medicine, University of 
Glasgow, Glasgow, United Kingdom

Zoonotic diseases are common yet under-recognized causes of morbidity 
in northern Tanzania. We conducted a mixed methods study to assess 
healthcare provider knowledge, perceptions, and practices about 
endemic zoonoses in the formal animal and human healthcare sectors. 
We administered a questionnaire with questions on knowledge, local 
cases, and testing for zoonoses to 52 human health practitioners and 10 
livestock health providers in Moshi, Tanzania. We also conducted 61 post-
questionnaire interviews to discuss a previous study that demonstrated 
that bacterial zoonoses are common among febrile patients in this 
region. Sixty (96.8%) of the 62 questionnaire respondents had heard 
of brucellosis, 26 (41.9%) of leptospirosis, and 20 (32.3%) of Q fever. 
Respondents in the animal sector were more likely to have heard of 
leptospirosis than those in the human sector (Odds Ratio: 7.3, 95% 
Confidence Interval: 1.3-77.6, p=0.013). There was no statistically 
significant difference between sectors in awareness of brucellosis or Q 
fever. The zoonoses that respondents reported seeing cases of included 
brucellosis (19, 30.6%), rabies (13, 21.0%), and anthrax (9, 14.5%). No 
respondents reported cases of leptospirosis or Q fever. Nineteen (38.0%) 
of the 50 human sector providers who were aware of brucellosis gave 
details of a human brucellosis diagnostic test available locally, and one 
gave details of tests for leptospirosis (5.6%) and Q fever (6.7%). One 
(10.0%) animal sector respondent gave details of an animal brucellosis 
diagnostic test available locally, and none described tests for leptospirosis 
or Q fever. During interviews, few respondents were surprised by the high 
human health burden of bacterial zoonoses, and many agreed that it 
was consistent with local livestock keeping practices. Several respondents 
highlighted an absence of knowledge of zoonoses among both healthcare 
providers and the general public, and many cited a lack of testing facilities 
for diagnosis of zoonoses. These findings reveal clear differences in 
knowledge of different zoonoses and a need for improved diagnostic 
capacity for multiple zoonoses in northern Tanzania.

1106
EXPRESSION OF CATHEPSIN L-LIKE AND ENOLASE FROM 
TAENIA SOLIUM IN THE BACULOVIRUS SYSTEM FOR 
DIAGNOSIS OF HUMAN NEUROCYSTICERCOSIS

Nancy León Janampa
Cayetano Heredia University, Lima, Peru

Abstract: Neurocysticercosis (NCC) is the main cause of adult epilepsy 
in developing countries. It is caused by the infection of Taenia solium 
larvae in the central nervous system. The available immunodiagnostic 
test is the Western Blot test composed by 7 partially purified lentil-lectin 
glycoproteins; with sensitivity of 40-60% for patients with single cyst 
NCC. In the search for new antigens for immunodiagnostic, we have 
expressed T. solium cathepsin L-like and enolase with their respective 
posttranslational modifications in the baculovirus-insect cell expression 
system (BES). Cathepsin L-like gene and enolase were anotaded from 
the T. solium genome. Coding sequences were cloned in both pFastBac 
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HT and E. coli DH5alpha. The gene rearrangement was made in the 
baculovirus genome (bacmid) in E. coli DH10 Bac. Bacmids were used 
for production of viral particles, and these were used for cathepsin L-like 
and enolase expression in Sf9 cells. Western blot with polyclonal rabbit 
antibodies specific for cathepsin L and Enolase was made to verify the 
expression of the proteins. We expressed cathepsin L (27 kDa) and enolase 
(52 kDa) of T. solium in BES. Expression was confirmed by western blot 
with specific rabbit polyclonal antibodies (1/5000) for cathepsin L-like 
and enolase. The BES is efficient to express low levels of cathepsin L-like 
enolase and its posttranslational glycosylation. This was suggested by a 5 
kDa difference between the molecular weights of the proteins expressed 
in BES and expressed in E. coli BL21 DE3 pLys. Lower titers of antibodies 
to recognize and cathepsin L-like and enolase suggest that they are highly 
antigenic. Also, in the next three months we will evaluate the usefulness 
of recombinant proteins in the diagnosis using sera from patients with 
NCC.

1107
RISK OF ZOONOTIC DISEASE TRANSMISSION IN WORKERS 
WITH WILDLIFE CONTACT: CHINA

Corina Monagin1, Blanca Paccha2, Neal Liang1, Sally Trufan3, 
Huiqiong Zhou4, De Wu4, Changwen Ke4, Bradley S. Schneider1, 
Peter Rabinowitz3

1Metabiota, Inc., San Francisco, CA, United States, 2Yale University, New 
Haven, CT, United States, 3University of Washington, Seattle, WA, United 
States, 4Guangdong Provincial Center for Disease Control and Prevention, 
Guangzhou, China

Wildlife zoonoses are a significant source of emerging infectious 
disease, but much remains unknown the factors driving species jumps 
of pathogens at the human animal interface. Here we report on a 
longitudinal cohort study conducted in Guangdong, China, to characterize 
the transmission of pathogens with pandemic potential in highly exposed 
human populations at the human-animal interface. The study was 
conducted in 12 prefecture level locations in Guangdong, targeting high-
risk individuals- primarily hunters, persons working in wet markets and 
restaurant workers who process bushmeat. A risk factor/exposure survey 
was constructed and administered to these workers following informed 
consent and enrollment. Serology testing was performed at baseline 
for evidence of past infection with hanta virus, SARS CoV, and novel 
Bunyavirus. Follow up serology was performed on a subset of the cohort 
as well as close contacts of individuals testing positive on initial baseline 
serology. Bivariate and multivariate analysis was performed to examine 
association of reported risk factors with infection status. In our survey, 
cooks or kitchen workers were the most commonly reported occupation 
(reported by approximately one third of participants), while approximately 
17% engaged in agriculture, 8% worked as butchers. However, hunters 
were rarely reported. Our data shows an overall low seropositivity to 
Hantavirus, SARS CoV, or new Bunyavirus (less than 1%), but higher 
positivity rate among certain subgroups such as butchers (approximately 
10%). When reported tasks were analyzed, ever butchering a wild animal 
was associated with an elevated risk of seropositivity (approximately 5%), 
while ever hunting was associated with a lower rate (approximately 1%). 
Our results indicate that working as a butcher appears to be associated 
with an increased risk of infection with wildlife pathogens. Targeted 
educational programs for prevention, monitoring of high risk populations 
and comprehensive evaluation of sick persons with wildlife contact 
appears warranted.

1108
PREVALENCE OF MYCOBACTERIUM BOVIS INFECTION IN 
CATTLE FROM WESTERN KENYA

Eric Ogola1, Anita L. Michel2, Jennifer R. Verani3, Godfrey 
M. Bigogo1, Elkanah S. Otiang’1, Linus O. Otieno1, Joel M. 
Montgomery3, Darryn L. Knobel4
1Kenya Medical Research Institute, Kisumu, Kenya, 2University of Pretoria, 
Onderstepoort, South Africa, 3Centers for Disease Control and Prevention, 
Atlanta, GA, United States, 4Ross University School of Veterinary Medicine, 
Basseterre, Saint Kitts and Nevis

Bovine tuberculosis is a zoonotic disease with worldwide distribution 
affecting a broad range of mammalian hosts.It is caused by the bacterium 
Mycobacterium bovis causing pulmonary tuberculosis in cattle,leading 
to chronic debilitation and coughing,and the potential for systemic 
spread to other organs.In humans, M. bovis infection results mainly 
in extra-pulmonary tuberculosis especially among HIV positive and 
immune-compromised individuals. Asembo,Western Kenya, is an area 
with an estimated HIV prevalence of 16%. However there are limited 
data about the prevalence of M. bovis in cattle in Asembo.In livestock 
hosts, the single intradermal comparative cervical tuberculin test (SICCTT) 
detects infection with M. bovis before the onset of clinical disease. To 
determine the prevalence of cattle reacting to a SICCTT in Asembo, a 
cross-sectional survey was conducted among herds in 64 compounds 
randomly chosen from 33 villages. SCCITT was performed;animals were 
classified as reactors if their M bovis tuberculin reaction was 4mm greater 
than an avian tuberculin reaction. We tested 258 cattle from 64 herds and 
observed an individual cattle and herd-level prevalence of 1.6% (4/258) 
and 6.3% (4/64), respectively. Three of the four reactors were females. The 
median age of the reactors was 60 months, compared with 54 months 
for non-reactors. All reactors had been within their herds for more than 
12 months, and 2 (50%) were born in their current herds, compared 
with 218/254 (85.8%) and 89 (35%) respectively of the non-reactors. All 
reactors (4/4, 100%) were herded together with other ruminant species. 
Among the non-reactors,213/254(83.9%) were commingled with other 
ruminant species. All households with reactor-cattle (100%) as well as 
57/60 (95%) with non-reactor cattle also kept chickens. Similar studies 
from African countries have reported a prevalence range of 0.9-21%, with 
a higher prevalence in regions with high cattle: human ratio. This is within 
the range observed in the current study. This study demonstrates that M. 
bovis is present among cattle in a high-HIV burden area in Western Kenya, 
indicating a threat to both cattle and human health.

1109
AN EPIDEMIOLOGICAL APPROACH TOWARDS MASSIVE 
BOTULISM OUTBREAK IN CATTLE FARMS IN SOUTH KOREA

Wooseog Jeong, Oun-Kyong Moon, Hachung Yoon, Do Soon 
Kim, Yongsang Kim
Animal and Plant Quarantine Agency, Anyang, Republic of Korea

Botulism (types A to G) is neuroparalytic disease caused by a toxin 
produced by anaerobic bacteria Clostridium botulinum. The bacteria 
are commonly present in the environment and become highly toxic 
in decaying vegetable compound and animal carcasses. Diagnosis is 
determined based on clinical signs and compatible history because 
standard confirmatory laboratory tests are not useful due to low sensitivity. 
The aim of this study is to provide knowledge on the recent outbreak 
of Botulism in Pocheon and Yeoncheon, Gyeonggi-do between August 
2011 and July 2012 which specifically occurred in 24 cattle farms causing 
431 cattle deaths. Further to this, possible risk factors were examined 
to find out the cause of the outbreak that the findings could be applied 
to establish bio-security policies. C. botulinum toxins were detected 
in 5 farms among 24 farms. Toxin type B and D detected farms were 1 
and 2 respectively. Toxin type B and D, type B, C and D were detected 
at the same farm each. C. botulinum type D was confirmed in poultry 
litter specimens from 2 of 15 poultry farms situated nearby the affected 
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farms. With the consideration of diagnostic difficulty in detection of the 
bacteria, it is hard to ignore possibilities that other test negative poultry 
farms might be actually affected in real. From the fact that large number 
of livestock farms, agricultural farms using animal feces, burying livestock 
carcasses around the farms, and factories dealing with food leftover and 
livestock feces are densely populated in Pocheon, the area is assumed 
to have been already polluted with the toxin. The long rainy season (52 
days, precipitation of 1,318mm), intensive heavy rain (675mm for 4 days) 
and flood then seemed to act as a carrier of potential risk elements from 
the environment to the farms. It was the first official diagnosis of C. 
botulinum in South Korea.

1110
BAT EXPOSURE RISK TO THE INDIGENOUS POPULATION OF 
THE PERUVIAN AMAZON

Julia S. Ampuero1, Erik Jhonston2, Christian Albujar1, Jorge 
Gómez3, Víctor A. Laguna-Torres3, Sergio Recuenco4

1U.S. Naval Medical Research Unit - 6, Callao, Peru, 2Direccion Regional 
de Salud Loreto, Iquitos, Peru, 3Ministerio de Salud del Perú, Lima, Peru, 
4National Center for Emerging and Zoonotic Infectious Diseases, Centers 
for Disease Control and Prevention, Atlanta, GA, United States

Surveillance activities have provided recent evidence that multiple 
Chiroptera (bats) species in Asia, Africa, and America serve as reservoirs 
for previously unrecognized pathogens affecting domestic animals and 
humans. Community education and enhanced surveillance activities 
among these at-risk populations are necessary to identify the level of 
exposure due to contact between bats and humans. This study aimed 
to examine the frequency of bat exposures among indigenous and non-
indigenous populations, and describe the knowledge, attitudes, and 
practices of individuals with regard to possible bat exposure in Peru. This 
study was a collaborative effort between the Centers for Disease Control 
and Prevention, the Peruvian Ministry of Health, and the Virology and 
Emerging Infectious Department of the U.S. Naval Medical Research 
Unit No. 6 in Peru (NAMRU-6). A participant questionnaire gathered 
information about any history of bat exposures (e.g. bites, scratches, 
skin contact), actions taken following a bat exposure, perceived risk 
towards bats, and knowledge of bat-borne zoonotic diseases. The study 
population was comprised of residents from two rural villages around 
Iquitos, the largest city in the Peruvian Amazon (non-indigenous), and 
four riverside indigenous communities in Datem del Marañon province 
in Loreto, Peru. A venous blood sample was taken from the respondent 
from each household as well as anyone else in the household who claimed 
to have been exposed to bats. During four nights in each community, 
we captured Chiroptera using 6-20 mist nets around houses and caves 
near the villages. We found that the indigenous populations had more 
bats exposures (391/790, 49.5%) than the non-indigenous population 
(25/154, 16.2%). Riverside communities, indigenous, and non-indigenous 
populations had more bats exposure than the roadside community, 48.7% 
(407/836) and 8.3% (9/108) respectively. Three genuses of vampire bats 
reported in the amazon region were captured (Diphylla, Diaemus, and 
Desmodus) primarily in the indigenous communities. Laboratory analyses 
will be conducted to determine the role of bats in the transmission of bat 
borne diseases.

1111
PREVALENCE AND DISTRIBUTION OF ANGIOSTRONGYLUS 
CANTONENSIS (CHEN, 1935) IN RATS AND FRESHWATER 
SNAILS OF MUÑOZ, NUEVA ECIJA, PHILIPPINES

Ma. Angelica A. Tujan, Vachel Gay V. Paller
University of the Philippines Los Banos, Los Banos, Philippines

Angiostrongylus cantonensis or rat lungworm is the major cause of 
eosinophilic meningitis in humans. Humans can be infected through 
ingestion of infected mollusks, paratenic hosts such as shrimps, crabs, or 
frogs, and vegetables which may be contaminated with infective stage. 

This study was conducted to determine the prevalence of A. cantonensis 
in rats and freshwater snails of Muñoz, Nueva Ecija, Philippines. Rats and 
freshwater snails were collected from both residential and agricultural 
areas in five selected barangays of Muñoz, Nueva Ecija. Rat tissues, e.g. 
heart and lungs, and snails were examined and subjected to artificial 
digestion for parasite collection. Results revealed that 30.62% of the rats 
examined were positive with A. cantonensis. Rattus norvegicus and R. 
tanezumi showed prevalence of 45.83% and 28.65%, respectively. Also, 
prevalence was compared between sexes and age groups, however, only 
the latter showed significant difference among R. tanezumi (P < 0.001), 
e.i., adults, sub-adults, and juveniles showed prevalence of 57.14%, 
44.62%, and 8.70%, respectively. Meanwhile, out of 781 freshwater 
snails belonging to eight different species, only Pomacea canaliculata 
(1.50%) and Melanoides maculata (1.12%) from irrigations and rivers 
were infected with larval stages (L3). This study revealed that rat species 
R. norvegicus and R. tanezumi and snail species P. canaliculata and M. 
maculata are susceptible hosts for A. cantonensis. Furthermore, analysis 
of the host distribution showed an overlap in their habitats between 
residential and agricultural areas. Their presence on and near human 
settlements indicates risks of transmission to humans. The present study 
can be used in promoting public health awareness regarding rats and 
snails that can serve as sources of infection for both humans and other 
animals.

1112
IMPROVING RISK MAPPING FOR VECTOR-BORNE, ZOONOTIC 
DISEASES

Freya Shearer, Catherine Moyes
University of Oxford, Oxford, United Kingdom

Geospatial mapping of infectious diseases is important for targeting 
and assessing various public health activities. By combining information 
on locations where diseases have been recorded with geographic 
data on environmental and socioeconomic covariates known to affect 
disease transmission using machine-learning models, niche modelling 
can generate fine-resolution, evidence-based risk maps for a variety of 
diseases of public health importance. To understand spatial variation 
in risk for diseases with reservoirs in multiple host species, transmitted 
by multiple vector species, we need to develop this mapping approach 
further. For spatial epidemiology to capture the full complexity of these 
disease transmission systems, it is important to consider the niches and 
distributions of all component species. Prime examples of human diseases 
involving multiple vector and animal reservoir species include a number 
of important arboviruses and Plasmodium knowlesi malaria. Japanese 
encephalitis, West Nile fever and yellow fever all have reservoirs in multiple 
animal species and are transmitted by a wide range of mosquito genera. P. 
knowlesi is a malaria parasite found in wild monkey populations which is 
transmitted to humans via anopheline mosquitoes. It is the most common 
cause of clinical malaria in high transmission regions of Malaysia. Using a 
boosted regression tree modelling framework, species distribution maps 
were produced for putative reservoir and vector species of P. knowlesi 
malaria. Methods were developed to account for various sources of bias in 
the available data. These maps were used to assess whether distribution 
maps of putative reservoir and/or vector species explain the distribution 
of P. knowlesi infections in humans. A consensus map incorporating the 
distributions of multiple vector and reservoir species was subsequently 
generated and used as a covariate for disease occurrence mapping of P. 
knowlesi malaria. The application of this approach to investigate variation 
in risk from arboviruses with multiple reservoirs and vectors is discussed, 
and preliminary results for key arboviruses are presented.
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DIRECT BLOOD ANALYSIS OF BARTONELLA BACILLIFORMIS 
MULTI LOCUS SEQUENCE TYPING FROM PATIENTS WITH 
OROYA’S FEVER DURING A PERUVIAN OUTBREAK

Maria J. Pons1, Cláudia Gomes2, Willmer Silva-Caso1, Joaquin 
Ruiz2, Juana Del Valle-Mendoza1

1Universidad Peruana de Ciencias Aplicadas, Lima, Peru, 2ISGlobal, 
Barcelona Ctr. Int. Health Res., Hospital Clínic - Universitat de Barcelona, 
Barcelona, Spain

Bartonella bacilliformis is the etiological agent of Carrion’s disease, 
which is a neglected disease, affecting Mountain Andean valleys. This 
disease in absence of antibiotic treatment presents a high mortality 
during the acute phase (Oroya’s Fever) between 44-80%. The second 
phase is characterized by the development of dermal eruptions, known 
as “Peruvian wart”. Asymptomatic carriers also has been described in 
the population from endemic areas (0.5-40%). B. bacilliformis is a 
fastidious slow growing microorganism, being difficult and cumbersome 
to culture and isolate from clinical sources. Then, the available data 
about phylogenetic relationship in clinical samples are really scarce, but 
suggesting high variability. The aim of the study was to perform direct 
blood analysis of B. bacilliformis Multi Locus Sequence Typing (MLST) 
from diagnosed patients with Oroya fever. Almost the majority of the 
samples (8 out of 10) were collected during an outbreak in 2009 in 
Cajamarca. All samples were confirmed by PCR for B.bacilliformis. In 
addition 2 collection strain were included. Phylogenetic relationship was 
performance by CLUSTAL W. A total of 8 blood samples isolated during a 
Carrion outbreak in the period March-April 2009 in Cachachi (Cajamarca) 
in Northern Peru were analyzed. One blood sample was added in 2011 
from Condebamba (Cajamarca), only 50Km of distance and finally 
another blood sample from Sihuas (Ancash), 500 Km of Cachachi in the 
center of the country. All strains from the outbreak belong to the same 
ST group, ST1. The strain of Condebamba is closely related to ST1, and 
finally the strain of Ancash is belonging to ST4. The collection strains 
from Pasteur Institute isolated in 1941 and 1949 belong to ST3. The 
present study demonstrate that the direct blood MLST PCR is a technique 
useful for application apply in the phylogenic characterization of this 
fastidious microorganism’s endemic from Andean regions. In this study, we 
demonstrate that the Cajamarca outbreak of Oroya’s fever is caused by the 
same Sequence Typing group, it might suggest that variability of strains 
from a region is not as variable as previously described.

1114
INFLUENCE OF DAIRY PRODUCTION PRACTICES ON RISKS 
FOR BOVINE VACCINIA EXPOSURE IN CATTLE: BRAZIL

Iara A. Borges1, Andrea M. McCollum2, Erna G. Kroon1, Giliane D. 
Trindade1, Mary G. Reynolds2

1Universidade Federal de Minas Gerais, Belo Horizonte, Brazil, 2Centers for 
Disease Control and Prevention, Atlanta, GA, United States

Vaccinia-like viruses have been observed in natural circulation in Brazil 
since 1965. Outbreaks of bovine vaccinia (BV) have been recurrent in 
agricultural areas of the country for the last 15 years. A genetically diverse 
set of vaccinia-like strains have been recovered during these outbreaks 
and from related biological surveys aimed at virus discovery. Some strains 
have been observed to persist in specific regions for years and even 
decades. The purpose of this study was to identify environmental features 
of dairy farms or farming practices that are associated with risk for bovine 
exposure to vaccinia-like viruses. To accomplish this we collected sera from 
a cohort of domestic bovine (N=745) in an area with a history of outbreaks 
in order to assess associations between the environmental features and 
work practices of farms and virus exposure in bovines. Over the course of 
eight field visits which took place during June 2010--February 2012, 18 
dairy farms within Minas Gerias state, Brazil, were visited by investigators. 
The properties surveyed during this study varied both in size and relative 
sophistication. A standardized data-collection instrument was used to 

record information from each property (i.e., cattle feed, utilization of 
mechanized vs. manual milking, pasture characteristics, presence of 
other domestic animals, water sources, non-domestic animals seen on 
property, etc.) Forty-eight presumptive predictor variables were assessed 
for association with Orthopoxvirus sero-status using univariate logistic 
regression methods; 10 were found to be significantly associated (p-value 
≤ 0.050). A subset of these variables (relating to farming practices and to 
the presence of other domestic animals on the property) were determined 
to be independently associated with virus exposure in bovines.  

1115
NOVEL ABUNDANT HEMOTROPIC PARASITISM OF NIGERIAN 
DOGS

Anise Happi1, Jane Sykes2, Christy Petersen1

1University of Iowa, Iowa City, IA, United States, 2University of California, 
Davis, Davis, CA, United States

Dogs are an understudied reservoir host in Nigeria to potentially recognize 
blood-borne parasitic diseases that could be zoonotically transmitted 
to human. Most ill dogs brought to the University of Ibadan Veterinary 
Teaching Hospital (UIVTH) are tick-infested and anemic. Due to resource 
limitations, light microscopy (LM) is the only diagnostic means used in 
UIVTH for detection of haemoparasites. Quantitative PCR (qPCR)-based 
assays have been reported to a the gold standard for accurate diagnosis 
of haemoparasitism among others. In this study, we used LM and qPCR-
based assays on 117 blood samples from dogs brought to the UIVTH for 
detection of haemoparasites. In addition, next generation sequencing 
was performed on positive samples for characterization of detected 
parasites. Six different haemoparasites were detected by LM and qPCR, 
including novel Mycoplasma haemobos. Analysis of thirty-eight of 117 
dogs that were clinically suspected to be infected with haempoarasites 
confirmed, 7 (18.4%) and 31(81.6%) by LM and RT-PCR, respectively. 
qPCR and sequencing analysis revealed 89 (76.1%) positive samples, 
among which 75 (64.1%) for Babesia canis, 43 (36.7%) for Ehrlichia 
canis, 12 (10.3%) for Hemoplasma canis, 2 (1.7%) for Hepatozoon 
canis and novel Mycoplasma haemobos (0.8%). Of these, single, double 
and triple parasite infections occurred in 49 (55.1%), 35 (39.3%) and 5 
(5.6%) respectively. Overall, we outline the first report of Mycoplasma 
haemobos in dogs in Nigeria. We showed significant abundance and 
common occurrence of potentially zoonotic haemoparasitic infections in 
Nigerian dogs. These findings call for development of molecular diagnostic 
procedures for routine screening of sick companion animals, and further 
studies to understand the mechanisms of coinfection in altering parasite 
load and transmission and the relative risk of human infection when 
cohabitating with haemoparasite-infected dogs.

1116
KNOWLEDGE MANAGEMENT SYSTEM FOR NEGLECTED 
ZOONOTIC DISEASES IN PERU: A PROPOSAL FOR A ONE 
HEALTH APPROACH

Ricardo Castillo-Neyra1, Cesar Naquira2, Michael Z. Levy1

1University of Pennsylvania, Philadelphia, PA, United States, 2Universidad 
Peruana Cayetano Heredia, Lima, Peru

The One Health approach seeks synergy between human, animal and 
environmental health. If typically each of these fields is an island, a 
Knowledge Management System (KMS) can help bridge them. Universities 
are well positioned to build such bridges by facilitating collaboration and 
providing data sharing platforms. We propose an inter-institutional KMS 
for animal, human, and environmental health in Peru. The objectives 
of the National Service of Agriculture Health in Peru (SENASA) do not 
include to improve public health. However, in working toward its goal to 
increase animal productivity, SENASA is making important contributions to 
prevent transmission of zoonoses. Similarly, the MOH addresses zoonoses 
through human case management or preventive education, but no 
attention is paid to animal hosts. Despite overlapping interests, effective 
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communication between these 2 governmental agencies, to integrate 
work on humans and animals did not exist in Arequipa, Peru. Currently, 
the Zoonotic Disease Research Group in Peru of UPenn and Universidad 
Peruana Cayetano Heredia is bridging both agencies to share information, 
coordinate actions, and develop projects to leverage available data. The 
university role in the KMS is catalyzing exchange. Fasciola hepatica, known 
for its economic impact on livestock, has long been studied by SENASA. 
Through animal screening and awareness campaigns, it has dramatically 
reduced the prevalence in herds, and the impact on public health is being 
analyzed by our group and shared with the MOH for controlling human 
fascioliasis. Similarly, hydatid disease was not considered an important 
livestock illness in Arequipa. On medical records, we found over 150 
hydatid disease patients in the last 2 years, most residing in Arequipa. 
These data is now being used to discover animal transmission foci. Using 
a KMS, the data produced by SENASA’s activities to evaluate animals are 
now being used for public health and MOH medical records are being 
used to identify animal hosts.

1117
HUMAN MONKEYPOX TRANSMISSION DYNAMICS THIRTY 
YEARS AFTER SMALLPOX ERADICATION IN THE SANKURU 
DISTRICT, DEMOCRATIC REPUBLIC OF CONGO

Chelsea L. McMullen1, Prime Mulembekani2, Nicole A. Hoff3, 
Reena H. Doshi3, Patrick Mukadi4, Robert Shongo2, Benoit Kebela-
Illunga5, Emile Okitolonda6, Jean-Jacques Muyembe2, Anne W. 
Rimoin3

1Duke University, Mooresville, NC, United States, 2National Institute of 
Biomedical Research, Kinshasa, Democratic Republic of the Congo, 
3University of California Los Angeles Fielding School of Public Health, Los 
Angeles, CA, United States, 4National Institute of Biomedical Research, 
Kinsahsa, Democratic Republic of the Congo, 54th Direction, Ministry of 
Health, Kinsahsa, Democratic Republic of the Congo, 6Kinshasa School of 
Public Health, Kinshasa, Democratic Republic of the Congo

Reports from the first monkeypox (MPX) active surveillance program in 
the Democratic Republic of Congo (DRC) in the 1980s determined that 
the disease was not of epidemic potential, with R0<1. However, during 
an active surveillance period from 2005-2007, researchers found a 20-
fold increase during the last 30 years. The purpose of this study was to 
analyze the contact data from 2005-07 and compare characteristics to 
those of the 1980s. Results were used to assess the current R0 of MPX, 
and to determine whether there has been a significant change since 
the first program. Contact tracing information and samples from active 
lesions were collected. Samples were screened by PCR and positive cases 
were ranked by generation and grouped into chains of transmission 
according to date of rash onset, contact tracing, and location. R0 was 
determined using calculations provided in the 1980s study and chain size 
distribution was compared. Of 1407 suspected cases of MPX investigated 
in 2005-07, 570 provided contact information with an average of 6.4 
(range, 1-21) contacts each. Among the 733 positive cases, 435 distinct 
chains of transmission were identified. Average chain size was 5.3 
cases (range, 1-13), with the longest reaching six generations. Among 
confirmed cases, 293 reported contact tracing information, and the crude 
secondary attack rate (AR) was 0.067. Stratified into household and non-
household contacts, AR was 0.070 and 0.49, respectively. R0 was found 
to be between 0.419-0.570 as opposed to 0.815. Contact characteristics 
and types of contacts differed from those of the 1980s program. This 
analysis found a higher crude secondary attack rate, but a lower number 
of contacts on average, as well as a smaller difference in the attack rates 
within household and non-household members. This could be the result 
of a higher proportion of unvaccinated contacts, or that the virus is better 
able to transmit between humans with a more limited amount of contact. 
Further analysis of R0 should be continued in order to evaluate the many 
variables potentially involved in the transmission differences.

1118
PREVALENCE OF TOXOPLASMA GONDII INFECTION IN 
VETERINARY STUDENTS AT WESTERN UNIVERSITY OF 
HEALTH SCIENCES AND EVALUATION OF RISK FACTORS: 
PRELIMINARY RESULTS

Emily J. Trumbull, Hannah Mirrashed, Jessica Coote, Cesar 
Ochoa, Helen Engelke, James Reynolds, Nishita Patel, Malika 
Kachani
Western University of Health Sciences, Pomona, CA, United States

Toxoplasmosis is a parasitic, zoonotic infection causing a significant One 
Health impact globally. In recent history, it was thought that Toxoplasma 
gondii infections were asymptomatic, but new research suggests that 
the outcome of these infections have been fatal for both animals and 
people. Over the last two decades, toxoplasmosis has been associated 
with neurological disorders in mice and humans. The infected individuals 
are at a higher risk for car accidents, suicide and schizophrenia. Currently, 
the prevalence of infection among the population in the United States 
is largely unknown. This study aims to determine the seroprevalence 
of T. gondii in a group of students attending the College of Veterinary 
Medicine at Western University of Health Sciences. Blood samples have 
been collected and tested for T. gondii immunoglobulin G (IgG). The 
participants have also completed a survey aimed to identify risk factors 
associated with acquiring the T. gondii infection. The preliminary results 
will be presented and discussed. The results of this study will direct the 
development of public health education and outreach efforts to reduce 
the transmission of T. gondii among animal patients and veterinarians. 
Considering that toxoplasmosis has been selected by the Center of Disease 
Control and Prevention as one of the neglected diseases for public health 
action, this project could structure future prevention measures for the 
general public of Southern California.

1119
CO-PREVALENCE OF AIDS AND OTHER DISEASES AND 
THE DEMOGRAPHIC CHARACTERISTICS OF TUBERCULOSIS 
PATIENTS IN A MUNICIPALITY OF SOUTHEASTERN BRAZIL

Rodolpho Telarolli Jr.1, Beatriz D. Pereira1, Rosangela M. Silva2, 
Eduardo F. Hage2

1Faculty of Pharmaceutical Sciences, Araraquara, Brazil, 2SESA - University 
of Sao Paulo, Araraquara, Brazil

In the second half of the twentieth century, the eradication of tuberculosis 
in the world was believed to be possible. The emergence of AIDS in the 
1980s which changed the behavior of tuberculosis. In the twenty-first 
century, tuberculosis remains a serious public health concern in Brazil, with 
75,120 cases reported in 2014. Araraquara is a medium-sized city located 
in the state of Sao Paulo, a region with the highest Human Development 
Index in Brazil. The prevalence of tuberculosis in Araraquara was 30% 
lower compared with the national average in Brazil in 2011 (27.0 cases 
and 38.4 cases per 100,000 inhabitants respectively). This can be explained 
in large part by the high average income and other social, economic and 
health factors of the city. 533 new cases of tuberculosis were recorded 
in Araraquara between 2002 and 2011 of which 72.6 % were male and 
the rest female (67.4 % were men and 32.6 % were women in Brazil in 
2011). The predominant age group consists of young adults between 20 
and 49 years old, contributing to 66.0 % of the total. 4% of the patients 
were under the age of 20 and 4.9 % were 70 years and older. AIDS 
was diagnosed in 20.4 % of male TB patients and 29.4 % of female TB 
patients in the same period, well above the national average of 10.4 % in 
men and 9.3 % in women. AIDS was also diagnosed in 5 children with less 
than 5 years of age who had TB-HIV co-prevalence. Following the trend 
that is present throughout Brazil of which hepatitis C is the most common, 
hepatitis C was diagnosed in 10.1% of men and 8.9 % of women with 
tuberculosis and hepatitis B in 5.9 % of men and 4.1% of women with TB 
in the period between 2002 and 2011. Throughout the period of study, 
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cure rates of almost 80 % were obtained in the municipality while the 
mortality rate was 12.3 %. The findings of the study present a worrying 
situation for the city of Araraquara and there is a need to improve the 
diagnostic routines and medical care of TB patients. The co-prevalence of 
tuberculosis and AIDS, much higher than the national average (3 times 
higher in women and 2 times in among men), is also very alarming and 
calls for further studies.

1120
THE IMPACT OF ANTI-TUBERCULOSIS TREATMENT ON THE 
ELABORATION OF PRO-INFLAMMATORY CYTOKINES IN HIV 
SERO-NEGATIVE TUBERCULOSIS PATIENTS

Chikere A. Anusiem1, Samuel Ikenna Ghasi1, Amarachi Ujunwa 
Esione1, Angela Chigorom Anusiem2, Paul Obiekwe Okonkwo1

1College of Medicine University of Nigeria Teaching Hospital Enugu, 
Enugu, Nigeria, 2University of Nigeria Teaching Hospital Enugu, Enugu, 
Nigeria

Tuberculosis has continued to be a major public health challenge in Sub-
Saharan Africa and some other regions of the world even though the 
causative bacterium was discovered more than one century ago. The 
emergence and spread of drug resistant strains of the bacteria, concurrent 
HIV/AIDS epidemics, lack of better biomarkers, and unavailability of more 
effective vaccines have all contributed to the persistence of the disease in 
the world. Pro-inflammatory cytokines are known to play significant roles 
in the pathogenesis of tuberculosis. In a prospective observational study 
we investigated the serum concentrations of three cytokines in adult men 
and women suffering from tuberculosis of the lungs. The research protocol 
was approved by the research ethics committee of the University of Nigeria 
Teaching Hospital Enugu. Each patient was followed up from diagnosis to 
completion of 6 months WHO approved treatment. Forty two patients and 
18 healthy controls participated in the study after giving informed consent. 
They were all HIV sero-negative. Serum Interleukin-1 β, tumor necrosis 
factor α, and interleukin 6 were measured in serum of the patients at 
the time of diagnosis, after eight weeks of treatment and after 6 months 
of treatment using human ELISA technique (www.ebioscience.com). 
Data analysis was done using Graphpad prism software, and statistical 
significance was determined at p = 0.05. All three cytokines were found to 
be very high compared to healthy controls at the time of diagnosis. After 
eight weeks of treatment there were significant reductions in the serum 
levels of the cytokines compared to levels recorded before treatment. 
Subsequently, there were further reductions in the serum concentrations of 
the 3 cytokines with statistically significant differences between the values 
at 2 months and those at 6 months. The values recorded at 6 months were 
close to but not identical with those of healthy controls at any time. These 
findings could find important applications in tuberculosis drug and vaccine 
development. Larger studies to validate these findings are needed.

1121
SPATIAL EPIDEMIOLOGY OF TUBERCULOSIS IN KISUMU AND 
SIAYA COUNTIES, WESTERN KENYA

Peter Sifuna
U.S. Army Medical Research Unit-Kenya, Kisumu, Kenya

The occurrence of tuberculosis (TB) in Kenya is characterized by spatial 
variations across the country. Nyanza region in western Kenya has the 
highest TB burden with an estimated prevalence of 500-600 cases per 
100,000. Effective management of TB and reduction of TB incidence rates 
relies on knowledge of where, when and to what degree the disease is 
present. Objective The objective was to determine the spatial variability 
of TB disease within a holoendemic region and investigate the factors 
associated with the observed distribution. Methods Data on TB occurrence 
was obtained from the combined registers of 233 TB clinics in Kisumu and 
Siaya Counties. Locator information in the registers was used to link TB 
cases to lowest formal administrative units referred to as sub-locations. 
The ArcView application was used to generate maps showing the spatial 

distribution of TB. Results Of the 5,528 patient’s records in the TB registers, 
5,468 (99%) were geo-coded to a geographical location. A total of 4, 
537 (82%) were residents of the study area. Significant high- and low-
rate spatial and space-time clusters were identified in the two counties. 
A significant secondary cluster was also identified in one of the densely 
populated areas of the study area. Discussion and conclusion Results from 
this study can guide targeted TB screening and control efforts with the 
goal of reducing TB incidence.

1122
VARIABILITY OF THE RESPIRATORY RATE MEASUREMENTS 
IN CHILDREN SUSPECTED WITH NON-SEVERE PNEUMONIA 
NORTHEAST TANZANIA.

Florida J. Muro1, Neema Mosha1, Regina Malugu2, Helena 
Hildenwall3, Raimos Olomi1, Hugh Reyburn4, Jim Todd4

1KCMUCo, Moshi, United Republic of Tanzania, 2Teule Hospital, Muheza, 
Tanga, United Republic of Tanzania, 3Karolinska Institutet, Department 
of Public Health Sciences, Division of Global Health, Stockholm, Sweden, 
4London School of Hygiene & Tropical Medicine, London, United Kingdom

With so little time left for completion of the Millennium Development 
Goals (MDG), World Health Organization (WHO) and others are giving 
increased attention towards respiratory rate (RR) measurement in children 
in order to identify and reduce pneumonia mortality. The introduction 
of new devices raises the need for validity assessment and this raises 
the need for a ‘gold standard’ measure of RR. There is no such standard 
that is internationally accepted but one option is the use of video of 
respiratory movement in children that can be later reviewed by experts 
and results compared with those obtained by primary care workers in 
their daily practice. We assess the use of such video recordings taken 
under controlled conditions and comparing results from two independent 
paediatricians. Using WHO recommendation of observation for 60 
seconds, RR were recorded in children aged 2 - 59 months presenting 
with cough or difficulty breathing in a busy clinic and then repeated at 
10 minute intervals over 1 hour in a quiet setting. Random effects linear 
regression was used to assess variability in RR measurements. A total of 
167 children were studied, the mean age was 17.5 (SD±13.8) months and 
97(58.1%) were males. Half of the children were awake or calm during 
the one hour of observation and about a quarter of children were agitated 
making video review difficult. The mean RR was 35.9 (SD± 9.7) breaths 
per minute (bpm) and 36.4 (SD± 10.1) bpm by first and second video 
reviewer respectively compared to 35.8 (SD± 10.7) by the research nurse. 
On multivariate analysis, the video reviewers recorded high RR than the 
research nurse (video recorder 1= 0.53, 95% CI=0.23-0.84, video recorder 
2=0.85, 95%CI=0.53-1.17). Inter-observer variability in RR between the 
2 video recorders and the research nurse was high (SD=3 breaths per 
minute) after accounting for differences among children and over time. RR 
is an important clinical sign in identifying children with pneumonia who 
require antibiotic. Video does not appear to be a reliable gold standard 
of RR quality checks. Alternative tools need to be identified to facilitate 
correct and proper assessment of pneumonia in children.
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1123
PNEUMOCOCCAL VACCINE RESPONSE IN MID-CHILDHOOD 
IS NOT AFFECTED BY PREVIOUS PARASITE EXPOSURE IN 
UTERO OR DURING THE FIRST THIRTY-SIX MONTHS OF LIFE 
IN COASTAL KENYA

Monica Nayakwadi Singer1, Charles King2, David M. Vu3, Claire 
J. Heath3, Indu Malhotra2, Francis Mutuku4, Jackson Mwinde5, 
Peter Mungai5, Dunstan Mukoko5, A. Desiree LaBeaud3

1University of California San Francisco Benioff Children’s Hospital Oakland, 
Oakland, CA, United States, 2Center for Global Health and Diseases, 
Case Western Reserve University, Cleveland, OH, United States, 3Stanford 
School of Medicine, Palo Alto, CA, United States, 4Technical University 
of Mombasa, Mombasa, Kenya, 5Division of Vector Borne and Neglected 
Tropical Diseases, Ministry of Public Health and Sanitation, Nairobi, Kenya

Children in developing countries respond poorly to life-saving vaccines.
Streptococcus pneumoniae causes vaccine-preventable invasive 
disease and is currently a leading cause of mortality under age five.
Increasing evidence suggests that exposure to chronic parasitic 
infections can significantly contribute to poor vaccination response.
Our goal was to measure Str. pneumoniae vaccine response in a well-
characterized cohort of Kenyan children who had been exposed to 
parasitic infections in utero and/or in the first 36 months of life.In 
2014, the cohort, now aged 4-7 years old, were tested for malaria, soil 
transmitted helminths, Entamoeba histolytica, Giardia lamblia, and 
Schistosoma haematobium infection. Participants received a 10-valent 
pneumococcal conjugate vaccine.Post-vaccination serum was collected 
after 4 weeks.Our multiplex fluorescent bead assay determined pre- and 
post-vaccination IgG concentrations to the ten vaccine PnPs serotypes: 
1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F. Ranked post-vaccination anti-
PnPS IgG concentrations and pre-post increments were compared using 
non-parametric statistics to determine the impact of subject demographic 
and parasite exposure factors.Maternal infection with more than one 
parasite at delivery was associated with a lower PnPS 19 vaccine response.
Children exposed to more than two infections in utero had elevated 
post-vaccine IgG response to PnPS 14.Experiencing multiple parasitic 
infections by 30 months of age was significantly associated with elevated 
PnPS 1 and 6B IgG levels.No association was found between vaccine 
responses and subject sex or the presence of hookworm, Trichuris, 
Giardia, or malaria at the time of vaccination. Anti-PnPS responses 
were not correlated with anti-Haemophilus influenzae type b (Hib) 
responses earlier in infancy.Although children in this cohort who had 
been exposed to prenatal maternal parasitic infections demonstrated 
impaired response to Hib vaccination as infants, there was no consistent 
impairment of pneumoccocal vaccine response later in life.Mid-childhood 
vaccine response to PnPS 19 is lower in children born to mothers with 
polyparasitism at delivery.

1124
STREPTOCOCCUS PNEUMONIAE CARRIAGE RATES AND 
SEROTYPE PREVALENCE IN COASTAL KENYA

Claire Jane Heath1, Monica Singer2, David M. Vu1, Francis 
Mutuku3, Charles H. King4, Indu Malhotra4, A. Desiree LaBeaud1

1Stanford University, Palo Alto, CA, United States, 2University of California 
San Francisco Benioff Children’s Hospital Oakland, Oakland, CA, United 
States, 3Technical University of Mombasa, Mombasa, Kenya, 4Case 
Western Reserve University, Cleveland, OH, United States

Streptococcus pneumoniae (SP) is an important cause of many vaccine 
preventable invasive diseases, including bacterial meningitis, pneumonia, 
and sepsis, and is the leading cause of mortality in children under 5 
worldwide. In industrialized countries, routine SP conjugate vaccination 
has decreased the incidence of invasive SP disease in vaccinated infants 
and unvaccinated children due to herd immunity. Epidemiological data 
on SP colonization rates and serotype prevalence in the developing world 

are relatively scarce, thus the effect of SP vaccination is less clear in these 
regions. The 10-valent SP vaccine was introduced into the childhood 
vaccination schedule in Kenya in 2012. Because serotype carriage affects 
immunization responses to corresponding vaccine antigens, localized 
characterization of colonization is important now and as the vaccine is 
further rolled-out, to maximize its clinical effectiveness. The purpose of this 
study is to measure nasopharyngeal (NP) carriage of SP in unvaccinated 
children. In addition, we plan to evaluate the impact of the 10-valent 
SP vaccine on carriage rates and serotype prevalence. Beginning in 
January 2014, children aged 4-7 years old were enrolled in Msambweni, 
Kenya. NP swabs were performed, and children then received a single 
dose of a 10-valent SP vaccine. Repeat swabs were obtained 4 weeks 
post immunization. SP carriage was determined by bacterial culture and 
multiplex PCR for the SP capsular gene cpsA and the serotype gene 
wzy. 354 samples (257 pre- and 97 post-vaccine) have been tested. 
38/257 (14.7%) pre-vaccine samples were positive for SP, compared to 
12/97 (11.6%) of the post-vaccine samples (p=0.61). These preliminary 
data suggest that the overall SP carriage rate is not greatly impacted by 
the vaccine. However, sample collection and molecular identification is 
ongoing, and analysis of paired (pre- and post- vaccine) samples will be 
informative in the evaluation of the vaccine impact on vaccine-serotype 
colonization, while also monitoring for post-vaccination replacement 
serotypes and emergent strains.

1125
CLINICAL AND EPIDEMIOLOGICAL CHARACTERIZATION OF 
TUBERCULOSIS IN CENTRAL REGION OF THE STATE OF SÃO 
PAULO, BRAZIL

Rita C. Carvalho, Rodolpho Telarolli Jr.
Faculty of Pharmaceutical Sciences, Araraquara, Brazil

Brazil is one of the 22 countries that accounts for 80% of all TB cases in 
the world. So it is important to have a better understanding of the clinical 
and epidemiological distribution of TB in the country. It is also important 
to know the performance of the disease control programs in the country. 
Brazil is a very heterogeneous country from an economic and social point 
of view. We conducted this study in one of the wealthiest regions of the 
country, the central region of São Paulo. This region has 24 municipalities 
and approximately one million inhabitants. We conducted a retrospective 
descriptive study using the TB Web System, which is used for TB control, as 
our data source. The study period was from 2006 to 2012. The incidence 
of TB was lower in the region studied than the average incidence in São 
Paulo state: 19.7 and 38.0 cases / 100,000 inhabitants, respectively. The 
mortality rate in the region was one death / 100,000 in 2012. As for 
patients who were co-infected with TB / AIDS, the mortality rate was 
8.4. In 2012, there was a cure rate in 81.1% of the patients, 7.0% of 
abandonment and 10.8% of deaths. For TB patients co-infected with 
AIDS, the prognosis was worse: low cure rate (55.6%), high abandonment 
rate (11.7%) and high mortality rate (32.7%). From a demographic point 
of view, males (74%), patients aged between 20 and 49 years (62.5%) 
and low schooling, defined as illiterate or up to 7 years of schooling 
(59.9%) predominated. Supervised treatment was offered to almost 80% 
of patients in 2012, compared to only 5.4% in 2006. Were examined 
75.6% of contacts of TB cases in period 2006-2012. Pulmonary disease 
was predominant: 83.6%. Diagnosis of TB in the region is still carried 
out late: 16.9% during hospitalization and 1.2% after death. Culture for 
Mycobacterium tuberculosis was performed only in 52% of cases with this 
epidemiological indication. The results demonstrate serious deficiencies in 
TB control in one of the wealthiest and most developed region in Brazil. 
It is essential the early diagnosis of tuberculosis and AIDS, to reduce 
mortality from these diseases.
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1126
IMPROVING ADHERENCE TO CHILDHOOD PNEUMONIA 
TREATMENT: THE DESIGN AND DEVELOPMENT OF 
PATIENT INSTRUCTIONS AND A JOB AID FOR AMOXICILLIN 
DISPERSIBLE TABLETS

Kelly Ebels1, Dunia Faulx1, Emily Gerth-Guyette1, Peninah 
Murunga2, Samarendra Mahapatro3, Manoja Kumar Das4, Amy S. 
Ginsburg1

1PATH, Seattle, WA, United States, 2PATH, Nairobi, Kenya, 3Hi-Tech Medical 
College, Bhubaneswar, India, 4The INCLEN Trust International, New Delhi, 
India

Pneumonia is the leading cause of death from infection in children 
worldwide. Despite global treatment recommendations which call for 
children with pneumonia to receive amoxicillin dispersible tablets (DT), only 
one-third of children with pneumonia receive any antibiotics and many do 
not complete the full course of treatment. Poor adherence to antibiotics 
may be driven in part by low literacy. In order to improve pneumonia 
treatment adherence at the community level, we developed a user-friendly 
product presentation for caregivers and healthcare providers (HCP). This 
poster presentation aims to document the development process and 
offers a model for future health communication tools. We employed an 
iterative design process which included document reviews, key stakeholder 
interviews, engagement with a graphic designer, and pre-testing design 
concepts among target users in India and Kenya through focus groups 
and usability testing. Though educational resources for pneumonia 
treatment are available in some countries, their content is incomplete 
and inconsistent with global recommendations. Document reviews and 
stakeholder interviews identified the critical information to convey to 
caregivers and recommendations for how to best differentiate between 
treatment regimens. Target users in India and Kenya confirmed the need to 
support better treatment adherence, recommended specific modifications 
to design concepts, and suggested the development of a companion job 
aid. There was a consensus among caregivers and HCP that these tools 
would be helpful and improve adherence behaviors. The output of this 
process is a user-friendly product presentation and job aid for amoxicillin 
DT that will be evaluated in a health care setting in Bangladesh. The 
development of new pictogram instructions for medications for low-
literacy populations is a critically important but time and resource intensive 
process that should involve engagement with target audiences.

1127
METHODS OF A DOUBLE-BLIND RANDOMIZED CONTROLLED 
CLINICAL TRIAL OF THREE VERSUS FIVE DAYS AMOXICILLIN 
DISPERSIBLE TABLETS FOR CHEST-INDRAWING PNEUMONIA 
AMONG CHILDREN 2-59 MONTHS OF AGE PRESENTING TO 
KAMUZU CENTRAL HOSPITAL IN LILONGWE, MALAWI

Gwen Ambler1, Salim Sadruddin2, Ajib Phiri3, Norman Lufesi4, 
Tiyese Chimuna5, Susanne May6, Amy Ginsburg1

1PATH, Seattle, WA, United States, 2Save the Children, Fairfield, CT, United 
States, 3College of Medicine, Lilongwe, Malawi, 4Ministry of Health, 
Lilongwe, Malawi, 5Save the Children, Lilongwe, Malawi, 6University of 
Washington, Seattle, WA, United States

Pneumonia is the leading cause of mortality from infection in under-5 
children. World Health Organization’s (WHO) Integrated Management of 
Childhood Illnesses (IMCI) guidelines recommend 5 days of twice-daily 
oral amoxicillin for children with chest-indrawing pneumonia. Limited 
data suggest 3 days of therapy, the standard of care for fast-breathing 
pneumonia, may be sufficient for chest-indrawing pneumonia as well. A 
shorter regimen could simplify prescriptions, enhance treatment adherence 
and reduce health system costs. To generate evidence for shorter therapy, 
we are initiating a double-blind randomized non-inferiority trial to 
compare 3 vs 5 days of amoxicillin dispersible tablets (DT) for children 2-59 
months old with chest-indrawing pneumonia from an outpatient clinic in 

an endemic malaria region of Malawi. This is the first known study of this 
research question. Children will be excluded if they have WHO-defined 
severe pneumonia, HIV-seropositivity/exposure, severe acute malnutrition, 
possible tuberculosis, severe anemia, severe malaria, unresolved wheeze, 
or a non-pneumonia illness requiring antibiotics. Children will be 
randomized to receive 3 days of amoxicillin DT plus 2 days of placebo or 
5 days of amoxicillin DT. Upon enrollment children will be hospitalized 48 
hours for observation with follow-up on days 2, 4, 6 and 14. The primary 
endpoint is the proportion of children failing treatment before or on day 
6, defined as: WHO danger signs, hypoxia, fever, vomiting ≥3 doses, 
antibiotic regimen change, prolonged hospitalization/readmission or death. 
A total of 2,000 children will be enrolled. We assume a treatment failure 
rate of 10% in the control arm and an absolute 4% non-inferiority margin. 
In the final analysis, there is 97.2% power to rule out a 4% increase in 
failure rate, even if the true difference is a 1.3% increase. We will present 
descriptive statistics of the enrolled study population to date and reasons 
for exclusion. At the time of presentation, the trial will be in progress, with 
an anticipated end date in January 2017. This is a novel investigation that 
has the potential to improve childhood pneumonia treatment.

1128
RARE CASE OF MEDIASTINAL TUBERCULOSIS

Vincent Nip1, John Horne2, Theresa Townley3, Vishisht Mehta3, 
Renuga Vivekanandan2

1Creighton University School of Medicine, Omaha, NE, United States, 
2Creighton University School of Medicine (Division of Infectious Diseases), 
Omaha, NE, United States, 3Creighton University School of Medicine 
(Division of Internal Medicine), Omaha, NE, United States

A 27 year old Burmese female presented with recurrent fevers for greater 
than 2 months. Upon immigrating to the United States 4 years ago her 
tuberculin skin test (TST) was negative. She had a previous admission 1 
month prior for fevers, and at that time a computed tomography (CT) 
scan of the chest revealed a large anterior mediastinal mass and lytic/
sclerotic lesion of the manubrium. A CT-guided biopsy of the mass had 
chronic necrotizing granulomatous inflammation. BAL and mediastinal 
biopsy stains for fungi and AFB were negative. An HIV test was negative. 
This admission she had repeat imagining which had a new moderate 
right pleural effusion. Pleural fluid studies including culture and stains 
for bacterial, fungal and AFB pathogen were negative. TB was high on 
the differential and she was empirically started on 4 drug therapy. An 
Interferon γ release assay (IGRA) was elevated at 9.16 (normal <0.34) 
as were ESR and CRP. During this work up her prior mediastinal biopsy 
culture had growth at 3.5 weeks and TB DNA probe by PCR was positive. 
She had significant improvement with resolution of fevers within a 
week of initiating TB therapy. Mediastinal TB is rare, is decreased with 
increasing age, is more common in high incidence areas and is uncommon 
in immunocompetent hosts. Tissue culture is essential and remains the 
diagnostic gold standard with a sensitivity >90%. While TB PCR probes 
can be used on culture negative specimens, they have lower sensitivity 
than culture. It is essential in patients with suspected active TB disease to 
initiate treatment while awaiting results.

1129
MOLECULAR CHARACTERIZATION OF THE SPIKE GENE OF 
THE MIDDLE EAST RESPIRATORY SYNDROME CORONAVIRUS 
ISOLATED IN EGYPT IN 2014

Ehab Atia1, Mayar Said1, Samir ElRefaay2, Mohamed Genedy2, 
Gabriel Defang1, Emad Mohareb1

1U.S. Naval Medical Research Unit - 3, Cairo, Egypt, 2Ministry of Health 
and Population, Cairo, Egypt

The Middle East respiratory syndrome coronavirus (MERS-CoV) was first 
identified in a patient in Saudi Arabia (KSA) in 2012 and has since been 
detected across the Middle East, Europe and the USA. Egypt reported 
its first case in late April, 2014 from an adult patient who had been in 
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contact with a previously-confirmed case of MERS-CoV in Jeddah, KSA. 
We sequenced the spike (S) gene of the virus to investigate genetic 
changes indicative of positive strain selection or altered virulence. 
Sequencing of the S gene was performed on nucleic acid extracted directly 
from a PCR-confirmed sputum sample. Six overlapping DNA fragments 
covering the entire S gene were generated using specific primer sets. 
Sanger sequencing was performed. The generated sequence (3500 
nucleotides) was aligned with other MERS-CoV sequences from GenBank, 
and phylogenetic analysis conducted. The S gene showed 99.9% 
nucleotide similarity to MERS-CoV samples isolated from a health care 
worker who resided in KSA (GenBank accession number: KJ829365), and 
a camel in KSA (KJ713296). The Egyptian MERS-CoV case clustered within 
the Riyadh_3 group in genetic clade B, forming a distinctive lineage with 
other MERS-CoV cases collected in the period of April-May 2014 from 
individuals who visited Jeddah, and traveled to Florida, USA and Greece. 
The S gene of the MERS-CoV from Egypt showed seven nucleotide 
differences from the prototype strain, resulting in two amino acid 
mutations; Q1020R in the heptad repeat region of the S protein which 
is present in many sequences of clade B viruses and Q833R. The close 
similarity between the S gene of the Egyptian case and that found in the 
camel indicates phylogenetic relatedness. The sustained presence of the 
Q1020R mutation is suggestive of a positive strain selection, concordant 
with previous report that arginine substitution in this position provides 
a potential endosomal protease cleavage site which may influence the 
membrane fusion activity of the S protein.

1130
CLINICAL AND ECONOMIC BURDEN OF ADULT 
HOSPITALIZATIONS OF DRIFTED INFLUENZA A (H3N2) VIRUS 
2014-2015

Dinesh K.r Sidh1, Sripriya D. Kolakalur2

1International University of Health Sciences, St. Kitts, Saint Kitts and Nevis, 
2Summa Health System, Akron, OH, United States

Global surveillance of influenza strains help to make recommendation 
for Northern Hemisphere influenza vaccine composition. Morbidity and 
mortality is higher when influenza viruses have antigenically drifted from 
vaccine strain, as noticed in 2014-15 flu season. The study enumerates 
the clinical and economic impact of laboratory-confirmed influenza 
hospitalizations of adult patient subset in a community hospital with 
tertiary care. Patients who tested positive for influenza A in rapid flu PCR 
test were studied by medical chart abstraction. Clinical spectrum was 
characterized with ICD-9-CM codes:Influenza with pneumonia (487.0), 
Influenza NOS, (487.1), Influenza with gastrointestinal symptoms(487.8); 
Encephalopathy due to influenza (487.8), acute respiratory failure(518.81), 
cardiovascular symptoms, (785) rapid heart rate, hypotension, shock. 
Data including, age, length of stay, underlying medical conditions, total 
cost of inpatient stay with imaging, medications, room and board were 
obtained for each patient, and was tabulated weekly for November 
2014 to February 2015, A total of 218 adult hospitalized patients tested 
positive for influenza during this period. Influenza activity peaked in third 
week of December 2014(week 51),majority were adults aged 65-85years. 
Average length of stay was 5 days. Average inpatient cost ranged from 
14,000USD for uncomplicated flu cases to 66,000USD in patients with 
respiratory failure. Most common underlying medical condition for this 
patient sample was chronic pulmonary disease, followed by cardiac 
diseases and diabetes mellitus.23% of adults had no underlying medical 
conditions to place them at risk of complications. Largest subset in clinical 
spectrum was Influenza with upper respiratory sympotms, followed by flu 
cases with respiratory failure.Six patients died of influenza complications.
Effectiveness of vaccine is reduced with drifted viruses, hence in cases of 
clinical suspicion, anti-viral agents should be instituted early even before 
laboratory confirmation.

1131
CORRELATION BETWEEN LOW TEMPERATURE AND ACUTE 
RESPIRATORY ILLNESS IN IQUITOS, PERU

Isabel Bazán1, Crystyan Siles1, Stalin Vilcarromero1, Carolina 
Guevara2, Carlos Alvarez-Antonio3, Robert Hontz2, Amy C. 
Morrison4, Julia S. Ampuero2

1U.S. Naval Medical Research Unit - 6, Iquitos, Peru, 2U.S. Naval Medical 
Research Unit - 6, Lima, Peru, 3Direccion Regional de Salud, Loreto, 
Iquitos, Peru, 4U.S. Naval Medical Research Unit - 6 and University of 
California, Davis, Iquitos, Peru

Acute respiratory illness (ARI) is a major cause of morbidity and mortality 
worldwide. In Peru, ARI incidence in the Loreto Region typically exceeds 
the national annual average incidence. In 2013, the Ministry of Health 
reported 139,278 cases of respiratory infection in Iquitos, from which 
104,126 and 35,152 were upperand lower respiratory tract infections, 
respectively. It is generally believed by clinicians in Loreto that low 
temperatures are closely followed by increases in ARIs. To test this 
perception, we evaluated minimum temperature and clinical data between 
January and December of 2013 in Iquitos, the largest city in Loreto. 
Low temperatures, as defined as temperatures below 22°C, occurred in 
January, April, July, and August of that year. Apparent increases in ARI 
incidences were observed after these episodes. Data from the U.S. Naval 
Medical Research Unit No.6’s respiratory virus surveillance programs 
was used to identify the etiologies of circulating viruses and the number 
of cases. Correlation between low temperature in one week and ARI 
incidence in the following week was estimated using Spearman’s rank 
correlation coefficient (rho). Weak correlations with prior low temperatures 
were found for upper acute respiratory disease (rho=0.19, p=0.17), 
pneumonia (rho=0.14, p=0.3) or Influenza A (rho=0.3,p=0.03). Our results 
do not support the perception of a close temporal relationship between 
low temperatures and increases in ARI cases. A better understanding of 
the impact of additional climate variables, such as rainfall and humidity, 
has the potential to improve clinical perception of ARI in Iquitos.

1132
SURVEILLANCE AND CLINICAL CHARACTERIZATION OF 
RESPIRATORY INFECTIONS IN WESTERN OF CAMBODIAN 
TO IMPROVE COMPLIANCE WITH INTERNATIONAL HEALTH 
REPORTING REQUIREMENTS (IHR)

Panita Gosi1, Chanthap Lon2, Chuang Ilin1, Nitima Chanarat1, 
Piyaporn Sia-ngam1, Buth Samel2, Soy Pros2, Nichapat 
Uthaimongkol1, Samon Nou2, Seng Heng3, Sovann Ly3, David L 
Saunders1

1U.S. Army Medical Component-Armed Forces Research Institute of 
Medical Sciences, Bangkok, Thailand, 2U.S. Army Medical Component-
Armed Forces Research Institute of Medical Sciences, Phnom Penh, 
Cambodia, 3Communicable Diseases Control, Ministry of Health, Phnom 
Penh, Cambodia

Information on respiratory viruses in Western Cambodia is limited, yet 
these are a leading cause of morbidity and mortality worldwide. Co-
infection of viral and bacterial respiratory infections may worsen the 
severity of illness and increase mortality. We established heightened 
clinical and laboratory surveillance measures to characterize viral and 
bacterial co-infections of respiratory tract from influenza-like illness (ILI) 
patients in Cambodia. A total of 108 nasopharyngeal swabs collected 
from ILI patients with respiratory symptoms from October 2014 - March 
2015 were examined for the presence of influenza A and B virus, non-
influenza respiratory viruses and bacterial infections. Positive influenza A 
virus samples were further subtyped by multiplexed real time PCR. Overall, 
25% of subjects (27/108) were positive for influenza virus, with nearly all 
(26 of 27) of the influenza A/H3N2 subtype, and one case of pandemic 
A/H1N1 (0.9%). Peak influenza activity occurred in November when 
17 of 44 samples collected that month were flu positive. Non-influenza 
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respiratory tract viruses were detected in 46 subjects with Respiratory 
Syncytial virus A/B (15%), Rhinovirus (8%) and Adenovirus (5%) the 
top 3. Bacterial infections were detected in 15 subjects: Streptococcus 
pneumoniae (10%), Staphylococcus aureus (3%), Bordetella (0.9%). 
12% (13/ 108) had infection with more than one virus, and 10% (11/108) 
had bacterial coinfection. While Influenza A/H3N2 was the most common 
respiratory pathogen detected in ILI patients in Western Cambodia, 43% 
had non-influenza etiologies. Viral-bacterial co-infections were identified 
rarely. Field-expedient multiplexed RT-PCR allowed rapid identification of 
respiratory pathogen etiologies to guide public health interventions in this 
previously underserved and under-described area of Cambodia.

1133
DETECTION AND MOLECULAR CHARACTERIZATION OF 
HUMAN RHINOVIRUSES IN SEVERE ACUTE RESPIRATORY 
INFECTIONS IN CAIRO, EGYPT

Engy E. Habashy1, Magdy A. Amin2, Aymen S. Yassin2, Ehab A. 
Ayoub1, Brent L. House3, Emad W. Mohareb1, Maha M. Talaat1

1U.S. Naval Medical Research Unit -3, Cairo, Egypt, 2Faculty of Pharmacy, 
Cairo, Egypt, 3Naval Medical Center, San Diego, CA, United States

Human Rhinoviruses (HRVs) are small, non-enveloped, single-stranded, 
positive-sense RNA virions which belong to genus Enterovirus and the 
family Picornaviridae. HRVs are classified into three species HRV-A, -B and 
-C. In addition to upper respiratory tract infections, recent studies have 
linked HRV, particularly HRV-C, to severe lower respiratory tract illnesses 
including pneumonia and chronic obstructive pulmonary disease. Little 
is known about the circulating types of HRV and their role in respiratory 
illnesses in Africa and the Middle East, specifically Egypt. In this study we 
aim to investigate the comparative proportion of severe acute respiratory 
illness (SARI) cases caused by Rhinovirus and the major species/types 
involved. To elucidate this we used 1,185 nasopharyngeal/oropharyngeal 
swab samples collected from SARI patients admitted to two fever hospitals 
in Cairo, in 2010. Screening samples against HRV and other respiratory 
viral targets, including respiratory syncytial virus, human metapneumovirus, 
adenovirus, parainfluenza viruses 1, 2 and 3, influenza B and influenza 
A and subtypes, by real time polymerase chain reaction resulted in the 
detection of HRV in 182 (15.4%) samples. Of them, 130 were HRV sole 
infection and 52 were co-infection with the aforementioned viral targets. 
Sequencing and phylogenetic analysis of the capsid viral protiens, VP4/
VP2, of HRV positive samples revealed the presence of 91 (50%) HRV-A, 
20 (11%) HRV-B and 56 (30.8%) HRV- C, which included 36, 7 and 
29 types, respectively. A total of 15(8.2%) samples were untypable. All 
samples were genotypically related with known reference strains, except 
two HRV-A samples which constituted a novel provisional type. This is the 
first study in Egypt to demonstrate the genetic diversity found within the 
circulating Rhinoviruses. HRV-A and HRV-C were more prevalent causes 
of SARI than HRV-B. Future studies are needed to assess the impact and 
disease burden of each type.

1134
USE OF PRIMARY HUMAN INTESTINAL EPITHELIUM 
CULTURES (ENTEROIDS) TO TEST ROLE OF LEPTIN SIGNALING 
IN REG1-MEDIATED PROTECTION FROM ENTAMOEBA 
HISTOLYTICA

Stephanie J. Melchor, Chelsea Marie, William A. Petri, Jr.
University of Virginia, Charlottesville, VA, United States

Regenerating protein 1 (Reg1) and the “satiety hormone” leptin have 
both been shown to be protective against infection by Entamoeba 
histolytica. However, a possible link between these two proteins in 
mediating resistance to amebiasis has not yet been investigated. We 
hypothesize that leptin signaling in the gut is protective by inducing 
Reg1 expression through the STAT3 signaling pathway. Reg1 is expressed 
during inflammatory conditions in human pancreatic β cells, duodenal 

Paneth cells, and immature columnar cells of human intestinal crypts, 
where it promotes cellular proliferation and survival, and is a useful 
biomarker for detecting gastrointestinal and systemic inflammation. In 
addition to protecting against E. histolytica induced killing of intestinal 
epithelial cells in vitro, Reg1 was found to be the most highly upregulated 
gene in human colon biopsy samples during E. histolytica infection. 
Although leptin signaling is protective against amebiasis, it was found 
that both humans and mice containing a common polymorphism in the 
leptin receptor (Q223R) are more susceptible to amebic infection by E. 
histolytica. This increased susceptibility is due in part to impaired STAT3 
signaling. To test the impact leptin has on Reg1 expression, we first 
generated 3-D enteroids by isolating stem-cell containing duodenal and 
colonic crypts from both humans and wildtype mice. The crypts were 
isolated with EDTA and then grown in 24 well plates in Matrigel with 
media containing Wnt3A, noggin, R-spondin 1, and EGF (among other 
growth factors) to stimulate the proliferation of the intestinal stem cells. 
Enteroid formation was observed by light microscopy a few days later. To 
further test whether the leptin-mediated protection from amebiasis is due 
to Reg1 expression, we will create enteroids from Reg1 knockout mice, 
as well as enteroids from Q223 and R223 leptin receptor mice, treat with 
leptin, and observe Reg1 expression, cellular proliferation, and resistance 
to killing by E.histolytica. Successful completion of these studies will 
further delineate the relationship between leptin and Reg1 mediated 
resistance in amebic colitis.

1135
THE ROLE OF AMOEBAPORES AND AMOEBIC LYSOSOMES IN 
AMOEBIC TROGOCYTOSIS AND CELL KILLING

Allissia Anne Gilmartin1, Katherine S. Ralston2, William A. Petri, 
Jr.1

1University of Virginia, Charlottesville, VA, United States, 2University of 
California, Davis, Davis, CA, United States

Entamoeba histolytica is a protozoan parasite that causes amebiasis, 
and is an important contributor to the global problem of diarrheal disease. 
E. histolytica has the potent ability to kill a variety of host cell types, 
and tissue destruction is the hallmark of invasive E. histolytica infection, 
however, little is known about the mechanisms responsible for these 
two processes. We have recently discovered that E. histolytica kills by 
ingesting fragments of live host cells, which we have termed amoebic 
trogocytosis. Our data suggest that amoebic trogocytosis is the primary 
mechanism of cell killing and that amoebae must continue to ingest 
multiple host cell fragments before the host cell dies. Elevated amoebic 
lysosomal pH has been shown to decrease cytotoxicity. Pharmacological 
inhibitors of lysosomal acidification were used to perturb lysosomal 
function. The rate of trogocytosis and host cell killing, as well as the rate of 
acidification and turnover of ingested host material were determined using 
imaging flow cytometry. We found that inhibiting lysosomal acidification 
significantly decreases ingestion of host material and cell killing, 
indicating a crucial role of amoebic lysosomes in amoebic trogocytosis. 
In addition, we are re-examining the role of amoebapores, a family of 
pore-forming proteins, in cell killing. Amoebapores were long believed to 
act as secreted effectors. However, based on findings that amoebapores 
localize to lysosomes and require pH ~5.2 for pore-forming activity, we 
are investigating the role of amoebapores in the degradation of ingested 
host fragments within the amoebic lysosome. This work will contribute 
to a better understanding of the nature of trogocytosis as a fundamental 
biological process, and may change the current thinking on the role of 
amoebic lysosomes and amoebapores in cell killing.
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1136
AMEBIASIS IN THE FIRST TWO YEARS OF LIFE: NATURAL 
HISTORY OF AMEBIASIS IN BANGLADESHI CHILDREN

Carol A. Gilchrist1, Sarah E. Petri1, Brittany N. Schneider1, Nona 
Jiang1, Koji Watanabe1, Caroline Stewart1, Karla P. Elliot1, Stacey 
L. Burgess1, Jennie Z. Ma1, Masud Alum2, Mamun Kabir2, Rashidul 
Haque2, William A. Petri1
1University of Virginia Health Science Center, Charlottesville, VA, United 
States, 2International Centre for Diarrhoeal Diseases Research, Bangladesh, 
Dhaka, Bangladesh

Annually one million children die before their fifth birthday from diarrhea. 
Previous population based surveys of pediatric diarrheal disease identified 
the protozoan parasite Entamoeba histolytica, the etiological agent of 
amebiasis, as one of the top causes of diarrhea in the sub-Saharan Africa 
and South Asia. We examined the impact of this parasite on the health 
of disadvantaged children in an urban slum in Dhaka Bangladesh during 
their second year of life. This report is from an ongoing longitudinal study 
where E. histolytica colonization was followed by specific qPCR and 
immunodiagnostic assays of diarrheal and monthly surveillance stools 
collected during every-other-day home visits. Development of mucosal 
adaptive immunity was determined by a sIgA ELISA assay and parasite 
burden and the expansion of P. copri (an indicator of a pro-inflammatory 
microbiome) were measured by qPCR. Approximately 80% of infants in 
the study were infected with E. histolytica by the end of the second year 
of life. Consistent with previous results, the development of a fecal sIgA 
response was correlated with some protection from infection. In contrast 
to the results obtained in the first year of life, parasite burden in older 
children was not associated with symptomatic disease but was associated 
with an expansion in P. copri levels. Our findings suggest that mucosal 
defense has an important role in the short-term protection against parasite 
colonization in endemic regions and that the microbiome could play a 
significant role in the development of amebiasis in the 1 to 2 year old age 
group.

1137
GIARDIA DUODENALIS: CHARACTERIZATION OF A 
ZOONOTIC STRAIN ISOLATED IN DOG BY PROTEOMICS AND 
BIOLOGICAL CRITERIA

Camila Henriques Coelho1, Rosiane Pereira2, Ana Carolina Silva3, 
Jonas Perales4, Alex Chaperouge4, Frederico Crepaldi3, Angela 
Serufo3, Haendel Busatti3, Adriana Costa3, Ana Paula Fernandes3

1Georgetown University, Washington, DC, United States, 2Rene Rachou 
Center of Research- Fiocruz-MG, Belo Horizonte, Brazil, 3Federal University 
of Minas Gerais, Belo Horizonte, Brazil, 4Fiocruz, Rio de Janeiro, Brazil

Giardiasis is a neglected disease that affects more than 200,000,000 
people in the world, mainly children in developing countries.. Symptoms 
include abdominal pain, diarrhea, steatorrhea and malabsorption 
syndrome. Giardiasis is considered a zoonotic disease and transmission 
may occur from animals, including pets, to humans. Canine strains are 
far less characterized than human isolates of Giardia duodenalis. In 
this study, a novel a strain (BHFC1), isolated from a symptomatic dog, 
was characterized through growth aspects, infectivity for Swiss mice, 
phylogenetic and ultra-structural analysis, encystment profile, reactivity 
with canine and human sera, proteomic map and presence of viral 
genome. The results revealed that BHFC1 is more infective for Swiss mice 
and grows faster than the human strain Portland-1. Electron microscopy 
revealed that the flange of the canine strain is larger and the encystment 
process is slower or incomplete, at 48 hours of growth, when compared 
to Portland-1. Antibodies in human sera from patients with giardiasis, 
reacted more strongly with proteins of the canine than the human strain, 
suggesting a zoonotic potencial for BHCFC1 strain. The proteomic map 
of soluble and insoluble fractions led to the identification of 212 know 
and 28 hypothetical proteins of G. duodenalis. Some of these proteins 
correlated with virulence and pathogenic mechanisms. No amplification of 

viral genome was detected, suggesting absence of Giardiavirus. These data 
provide an important source of information for future studies correlating 
various aspects of the biology of this parasite, such as virulence, protein 
interaction, metabolomics, ultrastructural characterization, among 
others. In addition, this well characterized G. duodenalis strain, virulent 
in experimental model becomes an useful tool for investigations of 
antigenicity, immunogenicity, drug resistance and the development of 
vaccines, diagnosis and effective treatment.

1138
TOLERANCE FACTORS FOR THE ACQUISITION OF 
MYCOBACTERIUM ULCERANS BY WATER BUGS IN AFRICA 
ARE ASSOCIATED WITH THEIR ECOLOGICAL TRAITS

Solange Meyin A Ebong
Centre Pasteur du Cameroun, Yaoundé, Cameroon

Belostomatidae and Naucoridae families of aquatic Hemiptera which are 
voracious predators of micro and macro aquatic organisms, may host 
Mycobacterium ulcerans the causative agent of Buruli ulcer and transmit 
them through bites to human. We tested the existence of a correlated 
evolution between some water bugs’ ecological traits and their tolerance 
to acquire M. ulcerans using a comparative analysis taking into account 
the phylogenetic relationships between the different aquatic bugs taxa. 
These phylogenetic relationships were reconstructed using 171 sequences 
of the mitochondrial gene coding for the first subunit of cytochrome 
oxidase (COI). Analyses were performed at water bugs’ family level using 
the BayesTraits program to test first correlated evolution between several 
ecological traits of water bugs and tolerance to M. ulcerans acquisition, 
and secondly to assess the likelihood values of directional and transition 
rates of MU acquisition with significant Hemiptera ecological traits from 
the previous analysis. We observed correlated evolution between some 
ecological traits and tolerance to M. ulcerans acquisition. Assessing of the 
likelihood values of directional and transition rates shows that feeding on 
macro-preys and living near the bottom of water column may facilitate the 
acquisition of M. ulcerans. However, living on aquatic vegetation does 
not appear to directly relate to M. ulcerans acquisition by some water 
bugs taxa thus challenging the hypothesis of a direct transmission through 
biofilms developing on the aquatic vegetation. These new findings tend to 
confirm the possibility of a M. ulcerans acquisition by some water bugs 
through their trophic habits with a primary contamination happening at 
the bottom of the water column where these bacilli might naturally persist 
in aquatic ecosystems.

1139
SEROPREVALENCE OF FIVE PARASITIC PATHOGENS IN 
PREGNANT WOMEN FROM 10 CARIBBEAN COUNTRIES

Fengguang Guo1, Martin S. Forde2, Stephen R. Werre3, Guan 
Zhu1, Rosina Claudia Krecek4

1Department of Veterinary Pathobiology, College of Veterinary Medicine 
and Biomedical Sciences, Texas A&M University, College Station, TX, 
United States, 2Department of Public Health and Preventive Medicine, 
School of Medicine, St. George’s University, St. George’s, Grenada, 
3Laboratory for Study Design and Statistical Analysis, Virginia-Maryland 
Regional College of Veterinary Medicine, Virginia Tech, Blacksburg, VA, 
United States, 4Interim Assistant Dean of One Health, Office of the Dean, 
College of Veterinary Medicine and Biomedical Sciences, Texas A&M 
University, College Station, TX, United States

Parasitic infections cause considerable suffering, economic losses, and 
mortality in both developing and developed countries. Epidemiological 
studies of several important parasitic infections in the Caribbean region to 
date have been very limited. The objective of this study was to examine 
the seroprevalence of five parasitic pathogens in pregnant women 
residing in 10 English-speaking Caribbean countries. From 2009 to 2011, 
a total of 435 serum samples were collected and separately tested for 
the presence of IgG antibodies to Ascaris lumbricoides, Entamoeba 
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histolytica, Giardia lamblia, Schistosoma mansoni, and Toxocara 
canis. In all tested countries, the seroprevalence values were significantly 
different among the parasites studied (p<0.001). The most prevalent 
parasites were G. lamblia (40.5%) and A. lumbricoides (37.9%), 
followed by T. canis (14.5%), E. histolytica (6.7%) and S. mansoni 
(3.0%). G. lamblia and A. lumbricoides were prevalent in all tested 
countries, and were the only two parasites positively reported in Bermuda. 
A comparison of serology results between countries within each parasite 
showed that with the exception of G. lamblia (p=0.09), seroprevalence 
were significantly different among tested countries for the other four 
parasites (p<0.05). While overall seroprevalence for E. histolytica was 
6.7%, 32.6% of participants from Jamaica were serum positive to this 
parasite. Furthermore, a significant association between T. canis and 
A. lumbricoides infections was discovered (Odds Ratio = 13.7, 95% 
Confidence Interval = 5.4 – 34.4). This study confirms that parasitic 
infections are occurring in prenatal women in the Caribbean and that 
the predominant parasites are different among tested countries. Further, 
this study also highlights the necessity of enhancing existing surveillance 
programs to evaluate the public health burden of parasitic diseases in the 
Caribbean.

1140
MOLECULAR CHARACTERIZATION OF CRYPTOSPORIDIUM 
AND ZOONOTIC TRANSMISSION OF CRYPTOSPORIDIOSIS IN 
HIV/AIDS PATIENTS IN ETHIOPIA

Haileeyesus Adamu Belay1, Beyene Petros1, Guoqing Zhang2, 
Hailu Kassa3, Said Amer4, Lihua Xiao2

1Addis Ababa University, Addis Ababa, Ethiopia, 2Centers for Disease 
Control and Prevention, Atlanta, GA, United States, 3Bowling Green State 
University, Bowling Green, OH, United States, 4Kafr El Sheikh University, 
Kafe El Sheikh, Egypt

Cryptosporidiosis is an important cause for chronic diarrhea and death in 
HIV/AIDS patients. Among common Cryptosporidium species in humans, 
C. parvum is responsible for most zoonotic infections in industrialized 
nations. Nevertheless, the clinical significance of C. parvum and role of 
zoonotic transmission in cryptosporidiosis epidemiology in developing 
countries remain unclear. In this cross-sectional study, 520 HIV/AIDS 
patients were examined for Cryptosporidium presence in stool samples 
using genotyping and subtyping techniques. Altogether, 140 (26.9%) 
patients were positive for Cryptosporidium spp. by PCR-RFLP analysis 
of the small subunit rRNA gene, belonging to C. parvum (92 patients), 
C. hominis (25 patients), C. viatorum (10 patients), C. felis (5 patients), 
C. meleagridis (3 patients), C. canis (2 patients), C. xiaoi (2 patients), 
and mixture of C. parvum and C. hominis (1 patient). Sequence analyses 
of the 60 kDa glycoprotein gene revealed a high genetic diversity within 
the 82 C. parvum and 19 C. hominis specimens subtyped, including C. 
parvum zoonotic subtype families IIa (71) and IId (5) and anthroponotic 
subtype families IIc (2), IIb (1), IIe (1) and If-like (2), and C. hominis 
subtype families Id (13), Ie (5), and Ib (1). Overall, Cryptosporidium 
infection was associated with the occurrence of diarrhea and vomiting. 
Diarrhea was attributable mostly to C. parvum subtype family IIa and C. 
hominis, whereas vomiting was largely attributable to C. hominis and 
rare Cryptosporidium species. Calf contact was identified as a significant 
risk factor for infection with Cryptosporidium spp., especially C. parvum 
subtype family IIa. Results of the study indicate that C. parvum is a 
major cause of cryptosporidiosis in HIV-positive patients and zoonotic 
transmission is important in cryptosporidiosis epidemiology in Ethiopia. 
In addition, they confirm that different Cryptosporidium species and 
subtypes are linked to different clinical manifestations.

1141
TOWARDS SOLVING THE MYSTERY OF HOW CHILDREN 
ACQUIRE CRYPTOSPORIDIUM IN AFRICAN HOUSEHOLDS

Heidi Hillesland1, Patricia Pavlinac1, Jaqueline Naulikha2, Michael 
Arndt1, Wesley C. Van Voorhis1, Benson Singa2, Judd Walson1

1University of Washington, Seattle, WA, United States, 2Kenya Medical 
Research Institute, Nairobi, Kenya

Recently Cryptosporidium emerged as the second most frequent cause of 
moderate-to-severe diarrhea in children under two in sub-Saharan Africa 
and Asia; only slightly behind rotavirus in its frequency. Cryptosporidium 
is also highly associated with mortality in this population. Yet, despite 
its impact, the source of transmission of Cryptosporidium to these 
vulnerable children is unclear. Previous studies have found that zoonotic 
transmission is rare in Africa and contaminated water also does not appear 
to be a primary route of transmission in the resource-limited setting. We 
are currently enrolling child-caregiver pairs in Western Kenya to test the 
hypothesis that adults are a reservoir for Cryptosporidium and that 
transmission between caregiver and child occurs frequently. Stool samples 
from children with acute diarrhea and their caregivers are being tested 
for Cryptosporidium using microscopy, an enzyme-linked immune assay, 
and PCR. Furthermore, we are genotyping all cases of Cryptosporidium 
to test the hypothesis that more children with acute diarrhea due to 
Cryptosporidium will have a caregiver with a genetically matched isolate 
than expected by chance alone. Additionally, clinical and household 
correlates of genetically matched isolates from child and caregiver will be 
assessed. If we find evidence of household Cryptosporidium transmission, 
then interventions for reducing the morbidity and mortality attributable to 
this parasite will need to also address infections in household members.

1142
STANDARDIZATION OF SOLID-PHASE FLUORESCENT ASSAY 
FOR THE SIMULTANEOUS DETECTION OF SPECIFIC ANTI-
TOXOPLASMA GONDII IGG, IGM AND IGA ANTIBODIES FOR 
TOXOPLASMOSIS ANTENATAL CARE SCREENING

Jaqueline P. Rodrigues, Heitor Franco Andrade Junior
Tropical Medicine Institute of São Paulo, São Paulo, Brazil

Toxoplasma gondii infections are very common, causing treatable central 
nervous system and eye diseases on the foetus, and pregnant woman 
must be screened for efficient therapy. Due to lowering toxoplasmosis 
prevalence in children, an expected high proportion of toxoplasmosis 
seronegative women would imply costly follow-up additional assays, 
demanding the development of new, quick and inexpensive assays. New 
solid-phase fluorescent assays allows direct antibody quantification in 
microplates as we demonstrated in a previous study the high efficiency, 
low cost and high throughput of single-well anti-T. gondii IgG and 
IgM detection due to improved fluorescent conjugates. In this work, 
we standardized a simultaneous detection of IgG, IgM and IgA specific 
antibodies in solid-phase fluorescent assay for toxoplasmosis antenatal 
care screening. Affinity-purified conjugates were prepared with different 
amine-reactive Alexa Fluor® fluorescent dyes and tested in single-well IgG/
IgM/IgA detection. We used 34 serum samples from adult volunteers at 
a large public hospital with external and in house isolated and conjunct 
anti-T. gondii immunoglobulin detection. There are excellent agreement 
(Kappa index=100%) between isolated and conjunct detection without 
false-positives and false-negatives results. These initial results suggest that 
solid-phase fluorescent simultaneous detection of IgG, IgM and IgA could 
be a promising high throughput serological technique for toxoplasmosis 
screening. New tests will be perform to evaluate the efficiency of 
simultaneous fluorescent detection in several numbers of clinical serum 
samples and then compare with conventional screening immunoassays 
for validation. The development of new integrated diagnostic approaches 
should be directed to elimination of interferences found in the current 
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methods, reducing the number of both: tests and trained staff in multiple 
techniques, allowing rapid and efficient serological screening for safe 
patient treatment.

1143
REACTIVATION OF CHRONIC TRYPANOSOMA CRUZI 
INFECTION IN PATIENTS WITH HIV/AIDS

Marisa L. Fernandez1, Ezequiel Cordova2, Marcelo Corti3
1Instituto Nacional de Parasitología Dr M Fatala Chaben, ANLIS Dr C 
Malbran, Buenos Aires, Argentina, 2Hospital C Argerich, Buenos Aires, 
Argentina, 3Hospital de Infecciosas FJ Muñiz, Buenos Aires, Argentina

This study was a retrospective study based on data collected from medical 
records of patients hospitalized at Infectious Diseases FJ Muñiz Hospital, 
Buenos Aires, Argentina from 1992 to 2014. Chagas disease reactivation 
was defined as demonstration of trypomastigotes on cerebrospinal fluid 
(CSF), blood, pericardial fluid or amastigotes in tissues biopsies in patients 
with HIV/AIDS. Twenty three patients were included. Twenty-one (91%) 
patients were male. The media of age was 38 years old. Seven (30%) 
did not know their HIV status before hospitalization.The media of CD4+ 
T cell counts was 90 cell/ml (range 1-501) Twenty-one patients were 
tested for Trypanosoma cruzi serology: 16 (76%) were reactive, 4(19%) 
were non-reactive, and 1(5%) was discordant. One patient had vertical 
transmission as the only risk for both infections. Ten (43%) patients 
were intravenous drugs users (IDUs) and it was the only risk for Chagas 
disease in 4 of them. Chagas disease reactivation involved central nervous 
system (CNS) in 22 patients (18 with cerebral abscesses and 4 with diffuse 
meningoencephalitis).Two patients had also pericardial effusion. One 
patient showed fever with trypomastigotes on peripheral blood without 
CNS damage. The CNS compromise was confirmed by the detection 
of trypomastigotes in CSF in 17 patients, positive strout in 1 patient, 
amastigotes in brain biopsy in 1 patient and necropsy in 3 . All patients 
were treated with benznidazole, 3 had to change to nifurtimox due to 
adverse drug reactions. Four patients (17%) survived more than one year. 
One of them died after 8 years due to cirrhosis. The other 3 patients are 
alive after 8, 5 and 4 years of follow up under antiretroviral treatment 
compliance. Three out of these 4 received secondary prophylaxis for T. 
cruzi. In conclusion, Chagas disease reactivation must be considered in 
the differential diagnosis in HIV/AIDS patients. A correct diagnosis based 
on epidemiological, clinical and microbiological studies is crucial for this 
neglected parasitic infection.

1144
PREVALENCE OF PARASITIC INFECTIONS AMONG 
IMMIGRANTS IN CHICAGO

Patrick Maloney, Ronald Hershow, Jesica Herrick
University of Illinois at Chicago, Chicago, IL, United States

In 2013, approximately 41.3 million persons living in the US were 
immigrants, many of whom migrated from countries where parasitic 
infections are endemic and highly prevalent. Although extensive testing 
for infectious diseases is typically performed on refugees, these tests are 
not provided to immigrant populations, many of whom share similar risk 
factors and exposure histories as those in the refugee population. In order 
to assess the prevalence of parasitic infections among the immigrant 
population in Chicago, we recruited asymptomatic subjects who had 
moved to the United States within the last five years. Subjects were 
asked a symptom questionnaire and provided blood and stool samples. 
Samples were tested for: serum IgE level, complete blood count with 
differential (CBCD), and ova and parasite exam, with plans to perform 
polymerase chain reaction (PCR) testing on stool samples for enteric 
parasites and serologic testing for Chagas disease, neurocysticercosis, 
toxocara, schistosomiasis, and strongyloides. To date, 40 subjects have 
been recruited. Enrolled subjects had a mean age of 31 years; 18 of 

the 40 subjects were female (45%, 22/40 were male, 55%). Subjects 
had immigrated from Central and South America (13/40, 32.5%), Asia 
(12/40, 30%), India (10/40, 25%), the Middle East (3/40, 7.5%), and 
Africa (2/40, 5%). 10/40 (25%) patients were found to have elevated 
IgE (GM value of those with elevated IgE: 571 IU/mL), while 4/40 (10%) 
had an elevated absolute eosinophil count (AEC) (GM value of those with 
elevated AEC: 616 cell/mcL). To-date, one subject (1/40, 2.5%) has been 
found to have a parasitic infection. The positive subject was a 24 year-old 
asymptomatic female from Brazil discovered to have Giardia lamblia 
cysts and trophozoites on stool O&P; this subject had an elevated IgE level 
(567 IU/mL), but a normal AEC (100 cell/mcL). Based on our preliminary 
data, we believe that parasitic infections likely represent a large and as-yet-
unidentified burden of disease in the immigrant population. The planned 
PCR and serologic testing will add additional information about these 
important health problems affecting our immigrant populations.

1145
ANTI-TOXOPLASMA GONDII IGG DETECTION IN SALIVA FOR 
TOXOPLASMOSIS EPIDEMIOLOGICAL STUDIES

Barbara F. Sampaio, Heitor Franco Andrade, Luciana Regina 
Meireles
Institute of Tropical Medicine Sao Paulo, Sao Paulo, Brazil

Worldwide distributed zoonosis affecting about one billion people, 
toxoplasmosis is mostly asymptomatic, despite ocular disease and severe 
and lethal disease in fetuses, AIDS patients and transplant recipients. 
Serology is the main approach for diagnosis allowing prevalence studies 
but incidence determination is a difficult in most countries. Children 
are the target in incidence studies based on conventional serology but 
venipuncture for this age group is an difficult approach. An alternative 
source of antibodies, non-invasive saliva collection is acceptable for 
children and it contains small amounts of IgG from mucosal and gingival 
crevicular fluid. Available commercial antibody detection kits are focused 
in serum samples, inadequate to alternative biological material, like 
saliva, due to technical constrains. Here, we standardized immunoassays 
with high sensitivity for detection of anti-Toxoplasma gondii IgG in 
paired saliva and serum sample from 20 adult volunteers, which allows 
both high sensitivity DOT-ELISA and an automated prone IgG capture 
assay, based on staphylococcal protein A in solid support. The sensitivity 
and specificity of the saliva DOT-ELISA were similar to sera ELISA. We 
also tested 100 saliva samples from university graduates in all assays, 
showing 19% (95%CI 12-28%) frequency of toxoplasmosis in this 
group, lower than usual prevalence 50% adult prevalence reported for 
our area. Protein A IgG capture saliva assay was also efficient with similar 
results, with perfect agreement and high kappa index. Both the DOT-
ELISA and protein A capture ELISA for detection of IgG anti-T. gondii 
in saliva are very promising as tools for Toxoplasmosis incidence studies 
with cheap, inexpensive and non-invasive collection; high sensitivity, high 
specificity, low cost and ease of operation in the routine laboratory. The 
determination of incidence will help health services in the prevention of 
toxoplasmosis transmission and on-time adequate measures; especially for 
antenatal care. Immunoassay with saliva IgG for toxoplasmosis is a very 
promising tool for use for the epidemiology of toxoplasmosis in children or 
other protected groups.

1146
COMPARISON OF THREE METHODS TO CONCENTRATE 
CYCLOSPORA AND CRYPTOSPORIDIUM FROM LARGE 
VOLUMES OF VEGETABLE WASH WATER

Ynes R. Ortega, Maria Torres
University of Georgia, Griffin, GA, United States

Foodborne parasites have been isolated in fresh produce worldwide 
including the U.S. Environmental testing to identify the presence of 
these parasites has been challenging during outbreak investigations. 
Produce is usually triple washed and sanitizers are included during these 
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rinses before packaging. The purpose of this study was to evaluate three 
methods to concentrate and detect Cryptosporidium parvum and 
Cyclospora cayetanensis from water used for washing and processing 
vegetables. C. cayetanensis and C. parvum oocysts. Tap water, chlorine 
and peroxyacetic acid based vegetable rinses were used. The water 
was prepared shredding carrots to reach turbidities of 30 and 60 NTU 
and shredding red cabbage at 30 NTU. Water was spiked using 10 or 
50 oocysts per 10 L and analyzed using three protocols: the EPA 1623 
method 2) by flocculation and 3) by filtration using hollow-fiber filter. 
Filtrates and sediments were tested for the presence of the parasites by 
nested PCR, immunofluorescence, and autoflorescence. Flocculation was 
highly effective at concentrating oocysts when using tap and chlorinated 
rinse water with both spikes (10 and 50 oocysts). The PPA water did 
not flocculate. Envirocheck and hollow fiber filters could concentrate 
oocysts, however Envirocheck filters were not easy to work with and the 
water filtration and processing was longer that the hollow-fiber filters. 
More samples could be detected in hollow-fiber filtered samples than 
the Envirocheck filters even at high turbidity levels and low inocula. 
Results suggest that hollow-fiber filters are effective at concentrating 
oocysts from all of the rinse waters tested in this study. This system could 
be implemented for surveillance studies and outbreak investigations 
particularly in fresh produce rinse water.

1147
DEVELOPMENT OF BOILING LOOP-MEDIATED ISOTHERMAL 
AMPLIFICATION FOR SENSITIVE AND RAPID DETECTION OF 
TOXOPLASMA GONDII

Mi-Sun Yoo, Young-Ha Kim, Ha-Na Jung, Hee-Soo Lee, Seung-
Won Kang
Animal and Plant Quarantine Agency, Anyang, Republic of Korea

Toxoplasma gondii infections are prevalent in human and warm 
blooded animals. Felids, including cats, are the natural hosts for this 
parasite because they can excrete the oocyst into the environment. This 
study developed a modified loop-mediated isothermal amplification 
(LAMP) assay for DNA extracted using a simple boiling method. The assay 
targeted the B1 gene for the sensitive and rapid detection of T. gondii 
in experimentally infected cats. The optimal B1-LAMP conditions were a 
temperature of 60°C and an operating time of 30 min. The B1-LAMP assay 
was at least 100-fold more sensitive than conventional PCR for detecting 
T. gondii. The specificity of the T. gondii B1-LAMP assay was illustrated 
by the finding that it did not detect genomic DNA from Neospora 
caninum. The B1-LAMP assay was used to detect DNA extracted from 
the organs of experimentally infected cats. In addition, the assay yielded 
positive results when used to test T. gondii DNA extracted using a crude 
boiling method. In addition, a positive or negative result of the LAMP 
products could be clearly visualized by the naked eye using a fluorescent 
dye (SYBR green or GeneFinder). The advantages of this assay include 
simplicity, a short analysis time, and low-cost, making it suitable for field 
laboratory applications.

1148
COPROLOGICAL DIAGNOSIS OF BLASTOCYSTIS SPP. IN 
HUMANS AND DOGS FROM FIVE BRAZILIAN BIOMES

Eduardo S. Garcia1, Antonio F. Malheiros1, Lucas F. Barros1, 
Stephany S. Santos1, Dimes H. Alves1, Larissa N. Silva1, Debora P. 
Santos1, Gabriel L. Gaarcia1, Maria E. Silva1, Jeffrey J. Shaw2

1Mato Grosso State University, Cáceres, Brazil, 2São Paulo University, São 
Paulo, Brazil

Blastocystosis is a parasitic infection caused by the protozoan Blastocystis 
spp., and although it has been known for almost a century there 
are considerable gaps in our knowledge regarding its pathogenicity, 
transmission and distribution worldwide. This study was undertaken to 
evaluate the presence of Blastocystis spp. in five of the seven Brazilian 
biomes: Caatinga, Savannah, Pantanal, Atlantic Forest and Southern Fields 

in association with other intestinal parasites. Fecal samples from humans 
and dogs were collected in 17 municipalities of the five biomes using the 
spontaneous sedimentation technique for direct microscopic diagnosis. 
A total of 2528 samples were analyzed, 38% were positive for at least 
one intestinal parasite and 8.5% were positive for Blastocystis spp. There 
was a statistical higher correlation (P<0.005) of Blastocystis spp. with 
Entamoeba coli, Endolimax nana, Iodamoeba bustchlii. In conclusion, 
this is first study in Brazil to cover so many biomes and the chi-square test 
indicated that the biome influences the percentage of samples positive for 
Blastocystis spp, as well as well as a possible zoonotic potential of this 
parasite in relation dog fecal samples.

1149
RNA INTERFERENCE COMPLEXES: A NOVEL METHOD TO 
GENE SILENCING IN CRYPTOSPORIDIUM

Samantha Nava, Nicolas Perry, Arthur C. White, Alejandro 
Castellanos-Gonzales
University of Texas Medical Branch, Galveston, TX, United States

The gut protozoan parasite, Cryptosporidium, is a major cause of 
diarrheal disease worldwide. Diarrheal diseases have been identified as 
a principal cause for mortality in children under five years old. Due to 
the parasites’ resistance to chemical and mechanical disruption, it has 
also been identified as a Category B pathogen by the CDC as a potential 
water source contaminant. The current treatment for cryptosporidiosis, 
Nitazoxanide, has only moderate efficacy in immunocompetent adults and 
children, and none in immunocompromised hosts. Development of an 
improved treatment is urgently needed to control mortality caused by this 
parasite. Unfortunately, a major impediment in studying potential drug 
targets is the inability to genetically manipulate Cryptosporidium. RNA 
interference is a powerful tool that has been developed to study gene 
function. However, genomic studies determined that Cryptosporidium 
lacked enzymes necessary in order to process RNAi constructs. We 
have proposed a novel method of gene silencing in Cryptosporidium 
to identify targets for drug development. We can induce specific 
degradation of target RNA by transfecting Cryptosporidium oocysts 
with the human enzyme Argonaute 2 (hAgo2) preloaded with single-
stranded RNA (ssRNA). We have demonstrated the specific slicer activity of 
hAgo2 in Cryptosporidium oocysts using this method with subsequent 
decrease in target protein expression after transfection. In addition, gene 
silencing using hAgo2-ssRNA has led to a reduction of infection in vitro. 
Development of a novel gene silencing method in Cryptosporidium can 
lead to identification of key proteins which can have a major role in the 
sustainability of infection.

1150
ACTION OF ATOVAQUONE AND MONENSIN AGAINST 
TOXOPLASMA DEPEND ON THE MITOCHONDRIAL MUTS 
HOMOLOG, TGMSH1

Tamila Garbuz, Gustavo Arrizabalaga
Indiana University School of Medicine, Indianapolis, IN, United States

The phylum Apicomplexa includes obligate intracellular parasites of great 
medical importance such as Plasmodium falciparum, Cryptosporidium 
parvum, and Toxoplasma gondii. Despite significant effort, there are 
no human vaccines for any of these parasites; thus, drug treatments 
are the mainstay for reducing morbidity and mortality. Nonetheless, 
resistance, toxicity and lack of activity against certain parasite life cycle 
stages severely limit the value of available drugs; consequently there is 
a dire need for new anti-apicomplexan therapeutics. To fulfill this need 
we have been exploiting the experimental malleability of T. gondii to 
identify novel targets for drug development. We recently showed that 
the lethal effect of the anti-coccidian monensin on T. gondii depends on 
the mitochondrial MutS homolog, TgMSH1. Mitochondrial MSH proteins 
maintain DNA stability while nuclear MSHs both repair mismatched 
DNA and directly signal cell cycle arrest and apoptosis in response 
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to genotoxicity. Interestingly, monensin induces cell cycle arrest and 
autophagic cell death in Toxoplasma in a TgMSH1 dependent manner. 
By monitoring sequence fidelity and copy number of the mitochondrial 
(mt), nuclear and plastid DNA we have established that TgMSH1 is 
specifically required for maintenance and repair of the mtDNA. Given 
that mutations in mitochondrially encoded genes are associated with 
resistance to atovaquone and myxothiazol we investigated whether 
TgMSH1 mutant strains were more likely to become resistant to these 
important anti-parasitic drugs. Through this effort we discovered that 
TgMSH1 mutant strains are intrinsically tolerant to both atovaquone and 
myxothiazol without the need for mutations in the actual target proteins. 
We are currently testing our hypothesis that due to the accumulation 
of mtDNA damage that occurs without the repair function of TgMSH1 
Toxoplasma becomes adapted to the lack of efficient respiration, which 
leads to a tolerance to anti-mitochondrial drugs. Through our studies we 
have discovered a novel mechanism by which apicomplexan parasites can 
become resistant to atovaquone and related drugs.

1151
IDENTIFICATION OF BLASTOCYSTIS SPP. GENOTYPES IN 
PATIENTS AT SÃO PAULO CITY, BRAZIL

Gessica B. Melo1, Fabiana M. Paula1, Fernanda M. Malta2, Celina 
W. Maruta2, Paulo R. Criado3, Vera L. Castilho3, Elenice M. 
Goncalves3, Ronaldo C. Gryschek4

1University of Sao Paulo Tropical Medicine Institute, Sao Paulo, Brazil, 
2University of Sao Paulo, Sao Paulo, Brazil, 3Hospital Das Clinicas University 
of Sao Paulo Medical School, Sao Paulo, Brazil, 4University of Sao Paulo 
Medical School, Sao Paulo, Brazil

Blastocystis spp. is an organism in the intestinal tract of humans and 
other animals, commonly found in stool samples. This organism involves 
pathogenic and zoonotic aspects unknown. Currently, this organism has 
been associated with intestinal diseases such as irritable bowel syndrome 
and clinical manifestations of cutaneous allergic hypersensitivity. This 
study aims to identify the genotypes of Blastocystis spp. in patients from 
the São Paulo, Brazil. A total of 35 stool samples from Blastocystis spp 
positive patients of the Section of Parasitology/Division of the Central 
Laboratory (HC/FMUSP) were used. After collection, stool samples were 
stored at -20°C for subsequent DNA extraction. Polymerase Chain 
Reaction assay were performed using Blastocystis specific primers 
targeting the small subunit rRNA gene, and sequenced. PCR positivity was 
of 68.6% (24/35).Three subtypes (STs) were identified: ST1 (17.6%), ST2 
(11.8%) and ST3 (70.6%). Phylogenetic analysis was performed in order 
to identify the origin of human isolates. It was observed that all human 
isolates were grouped with pig isolates. This study is the first to include 
molecular characterization and identify the genotypes of Blastocystis in 
São Paulo state supporting the zoonotic potential this organism.

1152
IDENTIFICATION OF FIVE NOVEL CRYPTOSPORIDIUM 
VACCINE CANDIDATES USING REVERSE VACCINOLOGY

Olukemi O. Ifeonu1, Raphael Simon2, Sharon M. Tennant2, 
Abhineet S. Sheoran3, Jessica C. Kissinger4, Giovanni Widmer3, 
Myron M. Levine2, Saul Tzipori3, Joana C. Silva1

1Institute for Genome Sciences, University of Maryland School of 
Medicine, Baltimore, MD, United States, 2Center for Vaccine Development 
and Department of Medicine, University of Maryland School of Medicine, 
Baltimore, MD, United States, 3Cummings School of Veterinary Medicine 
and Department of Infectious Disease and Global Health, Tufts University, 
North Grafton, MA, United States, 4Center for Topical and Emerging 
Global Diseases and Department of Genetics, University of Georgia, 
Athens, GA, United States

Cryptosporidiosis, caused primarily by Cryptosporidium parvum 
and C. hominis, is a life-threatening disease in immune-compromised 
individuals worldwide, and a major cause of diarrhea-induced wasting and 

stunted growth often leading to deaths of young children in developing 
countries. While vaccination remains one of the most effective methods 
of preventing infectious diseases, there are no commercially available 
vaccines against human parasites, including Cryptosporidium. Biological 
and technical challenges preclude the use of traditional vaccinology 
approaches for the identification of vaccine targets against human-
infecting Cryptosporidium, and the existence of genomic resources for 
multiple species in the genus make reverse vaccinology a viable alternative. 
We generated a much improved genome assembly and annotation for 
C. hominis, increasing average gene length by 500 base pairs (bp), 
from 1,360 bp to 1,845 bp, bringing it in line with gene length in the 
close relative C. parvum, which averages 1,785 bp. The improved gene 
set provides new opportunities to procure and examine novel vaccine 
candidates. Using bioinformatics approaches we identified close to 400 
C. hominis genes containing properties typical of antigens, such as the 
presence of glycosylphosphatidylinositol (GPI)-anchor motifs, multiple 
transmembrane (TMM) domains or targeting to the secretory pathway. 
We down-selected this set by focusing on potential GPI-anchored proteins 
lacking human homologs, with at most two TMM domains, homologs 
in four other Cryptosporidium species and no polymorphism between 
two C. hominis isolates. Further experimental considerations included a 
minimal number of predicted post-translation modifications and adequate 
molecular weight of the predicted product. A total of 5 proteins, now 
undergoing experimental validation, were selected with approach from 
among all 3,745 proteins in the updated C. hominis annotation. We 
provide an online resource, which catalogs all C. hominis genes and their 
characteristics mentioned above, including physical attributes, properties 
related to antigenic potential, and expression data.

1153
CENTRINS OF APICOMPLEXAN PARASITE - BABESIA MICROTI 
AND THEIR ROLE IN CELL DIVISION 

Bhavna Chawla, Sanjai Kumar

Food and Drug Administration, Silver Spring, MD, United States

Intra-erythrocytic apicomplexan protozoans belonging to the genus 
Babesia are of great economic and health significance globally. Human 
babesiosis caused by B. microti, is prevalent in many parts of United 
States and about 1250 clinical cases are reported annually with fatality 
of 5-20%. However, our knowledge on the mechanism of cell division 
and the molecules associated with this process in Babesia parasites is 
very limited. We are investigating the role of centrin, a calcium-binding, 
cytoskeletal protein involved in cell division in eukaryotes, in B. microti. 
In Plasmodium falciparum, centrins are associated with nucleus and 
involved in cell division. Using database searches, we have identified three 
centrin genes in B. microti (BmCen) genome (piroplasmadb.org), which 
we called BmCen2, BmCen3 and BmCen4, based on their homology to 
the centrins from Homo sapiens, P. falciparum and Toxoplasma gondii. 
BmCen2, BmCen3 and BmCen4 encode for polypeptides of 164, 176 
and 156 amino acids respectively. BmCen2 and BmCen4 exhibited about 
60% homology at amino acid level to the PfCen2 and PfCen4 respectively, 
whereas BmCen3 was about 25% homologous to PfCen3. Domain search 
on PROSITE revealed that B. microti centrins contain the conserved 
calcium binding EF-hand motifs; BmCen2 and BmCen4 have four EF-
hands. Interestingly, BmCen4 has only 2 EF-hands, EF-hand I and EF-hand 
IV. We have expressed the B. microti centrins in E. coli. Their purification, 
biochemical characterization, stage-specific expression and their role in cell 
division in B. microti are being investigated. The results of these studies 
will be presented.
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1154
EVALUATION OF A RAPID POINT-OF-CARE TEST FOR 
DETECTION OF CRYPTOSPORIDIUM

Molly E. Fleece1, Shaila S. Khan2, Mamum Kabir2, Rashidul 
Haque2, William A. Petri, Jr3

1Department of Internal Medicine, University of Virginia, Charlottesville, 
VA, United States, 2International Centre for Diarrhoeal Disease Research, 
Bangladesh, Dhaka, Bangladesh, 3Division of Infectious Diseases and 
International Health, University of Virginia, Charlottesville, VA, United 
States

Diarrheal diseases are a major cause of morbidity and mortality in the 
developing world. Cryptosporidium is an enteric protozoan parasite that 
is a common cause of waterborne diarrheal disease. There is need for a 
practical point-of-care diagnostic test that is rapid, reliable and feasible 
for use in the field. We evaluated the performance of a new fecal antigen 
detection test for Cryptosporidium (Cryptosporidium EZ VUE, TechLab, 
Inc) in a cohort of children in Bangladesh. This point-of-care test is a lateral 
flow dipstick that detects Cryptosporidium oocyst antigen in stool. Time 
from sample preparation to visual readout of test results is 10 minutes. 
The test was conducted on 50 diarrheal stool samples that were known to 
be Cryptosporidia positive by antigen detection and 50 negative diarrheal 
stool samples from children living in an urban slum in Dhaka. The test had 
a sensitivity of 100% and a specificity of 94% when compared to enzyme-
linked immunosorbent assay antigen detection. We concluded that the 
Cryptosporidium EZ VUE dipstick test offered rapid and accurate point-
of-care diagnosis of Cryptosporidiosis.

1155
HIGH PREVALENCE OF BLASTOCYSTIS SPP. AND COST-
EFFECTIVENESS ANALYSIS OF THREE PARASITOLOGICAL 
TECHNIQUES FOR THE DIAGNOSIS OF BLASTOCYSTIS SPP. IN 
PERU

George Vasquez- Rios1, Maria Gamero1, Marco Canales2, 
Adriana Pezua1, Bryan Betancourt1, Angelica Terashima1, Jorge D. 
Machicado3, Luis A. Marcos4

1Universidad Peruana Cayetano Heredia, Lima, Peru, 2Instituto de Medicina 
Tropical “Alexander von Humboldt”, Lima, Peru, 3University of Pittsburgh, 
Pittsburgh, PA, United States, 4Forrest General Hospital, Hattiesburg, MS, 
United States

The role of Blastocystis spp. as a pathogen is unclear to date. The aim 
of the present study is to compare three stool parasitological techniques 
[direct microscopy examination (DMS), spontaneous sedimentation in 
tube technique (SSTT), and Pavlova Culture (PC)] in the detection of 
Blastocystis spp. in stool samples in Peru. Sensitivity was calculated by 
considering a positive culture for Blastocystis as the gold standard. A 
cost-effectiveness analysis was performed in each technique by estimating 
direct and indirect costs. The cost of a single sample was estimated by the 
sum of laboratory materials and the time consumed in each technique. A 
total of 142 stool samples (female:male ratio = 1.7) from people living in 
Lima city was included in this study. Most of participants (84.51%, n= 120) 
were under the age of 40 years old (median: 22). More than half of the 
stool samples were positive for Blastocystis. Prevalence of Blastocystis 
was 55.6% (n=79) by DMS, 61.27% (n= 87) by SSTT and 80.99% (n= 
115) by PC. The sensitivity of DMS, SSTT and PC was 68.7%, 75.65% 
and 100%; respectively. Specificity was 100% in all three techniques. 
The total cost per a single exam was 0.68$, 0.9$ and 1.2$ for DMS, SSTT 
and PC, respectively. The cost per case of Blastocystis spp. detection by 
each test was 1.22$, 1.46$ and 1.48$ for DMS, SSTT and PC, respectively. 
In conclusion, the SSTT is a cost-effective technique for the diagnosis of 
Blastocystis spp. in low- resource settings where this organism is highly 
prevalent in a population.

1156
THE SECRETED CATHEPSIN B PROTEASES ARE ASSOCIATED 
WITH TISSUE INVASION OF THE CARCINOGENIC LIVER 
FLUKE, CLONORCHIS SINENSIS

Xiaoyun Wang1, Wenjun Chen1, Xinbing Yu2

1The University of Chicago, Chicago, IL, United States, 2Zhongshan School 
of Medicine in Sun Yat-sen University, Guangdong, China

In freshwater fish consumption areas, human clonorchiasis remains an 
important foodborne zoonosis caused by Clonorchis sinensis infection. 
Molecular characterizations of key molecules that are involved into 
pathogenic processes could speed up the interventions of C. sinensis 
infection. In this study, we expressed four C. sinensis cathepsin B cysteine 
proteases (CsCB1, CsCB2, CsCB3 and CsCB4) in X-33 yeast cells for 
biochemical characterization. Eukaryotic expressed CsCBs could hydrolyze 
substrates Z-Phe-Arg-AMC and Z-Arg-Arg-AMC, and the hydrolyzation 
could be completely inhibited by specific inhibitors and cysteine protease 
specific inhibitors at 100%. However, serine protease specific inhibitor 
PMSF and trypsin specific inhibitor TPCK could only inhibit the activity 
partially. EDTA has no inhibition on the activity, indicating that yCsCBs 
belongs to the typical cathepsin B cysteine protease family. yCsCBs 
exhibited the highest activity at pH value of 5.0-5.5 and temperature of 
42°C. Also, yCsCBs could degrade host BSA, HSA, IgG, hemoglobin and 
fibronectin. Immunohistochemical results showed that CsCBs were located 
at the intestine of adult worm and excretory vesicle and oral sucker for 
metacercaria and cercaria stage. In conclusion, we profiled secreted 
cathepsin B cysteine proteases family for the first time and demonstrated 
secreted cathepsin B proteases are associated with tissue invasion of the C. 
sinensis infection.

1157
CO-DISPERSAL OF THE BLOOD FLUKE SCHISTOSOMA 
JAPONICUM AND HOMO SAPIENS IN THE NEOLITHIC AGE

Wei Hu1, Mingbo Yin1, Hong-Xiang Zheng1, Jing Su1, Zheng 
Feng2, Donald Peter McManus3, Xiaonong Zhou2, Li Jin1

1Fudan University, Shanghai, China, 2National Insititute of Parasitic 
Diseases, China CDC, Shanghai, China, 3QIMR Berghofer Medical Research 
Institute, Brisbane, Australia

The global spread of human infectious diseases is of considerable public 
health and biomedical interest. Little is known about the relationship 
between the distribution of ancient parasites and that of their human 
hosts. Schistosoma japonicum is one of the three major species of 
schistosome blood flukes causing the disease of schistosomiasis in 
humans. The parasite is prevalent in East and Southeast Asia, including the 
People’s Republic of China, the Philippines and Indonesia. We studied the 
co-expansion of S. japonicum and its human definitive host. Phylogenetic 
reconstruction based on complete mitochondrial genome sequences 
showed that S. japonicum radiated from the middle and lower reaches of 
the Yangtze River to the mountainous areas of China, Japan and Southeast 
Asia. In addition, the parasite experienced two population expansions 
during the Neolithic agriculture era, coinciding with human migration and 
population growth. The data indicate that the advent of rice planting likely 
played a key role in the spread of schistosomiasis in Asia. Moreover, the 
presence of different subspecies of Oncomelania hupensis intermediate 
host snails in different localities in Asia allowed S. japonicum to survive 
in new rice-planting areas, and concurrently drove the intraspecies 
divergence of the parasite.
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1158
INVERTEBRATE IMMUNITY: PHENOLOXIDASE ACTIVITY IN 
THE SCHISTOSOME SNAIL HOST

Winka Le Clec’h, Frédéric D. Chevalier, Timothy J. Anderson
Texas Biomedical Research Institute, San Antonio, TX, United States

To complete its complex lifecycle, Schistosoma mansoni needs an 
aquatic snail (Biomphalaria spp.) as intermediate host and a mammalian 
as definitive host. The immune response of the aquatic snail to parasite 
infection is poorly understood. Phenoloxidase (PO) enzymes are important 
in wound healing and tissue pigmentation, and are also considered to be 
an innate immune defense mechanism against intruding microorganisms 
and parasites. POs are characterized by their substrate specificity and fall 
into three groups: tyrosinases, catecholases and laccases. Their activities 
can be quantified with specific substrates. PO activity has been found 
in the hemolymph of molluscs such as mussels or oysters, but has not 
been characterized in Biomphalaria snails. Using spectrophotometric 
assays with 3 different specific substrates (L-tyrosine (monophenol) for 
tyrosinase activity, L-DOPA (o-diphenol) for catecholase activity, and 
p-phenylenediamine (PPD) (p-diphenol) for laccase activity), we first 
demonstrated the laccase-like activity in hemolymph from uninfected B. 
glabrata and alexandrina. Then we determined the optimal temperature 
(45°C) and pH (8.5 which is also the pH of the snail hemolymph) for the 
PO enzyme and the apparent Michaelis constant (Km) and the apparent 
Vmax using PPD substrate. After splitting the whole hemolymph into 2 
distinct fraction, hemocytes (immune cells) and plasma, we found the 
highest laccase-like activity in the plasma. Finally, we measured the PO 
activity on snails parasitized by S. mansoni, and demonstrated a strong 
reduction of this laccase-like activity starting 7 weeks after the exposure (p 
< 0.0001), most likely because developing parasites eat the snail albumen 
gland and hepatopancreas. This new spectrophotometric assay with PPD 
substrate allows accurate measurement of PO activity in the intermediate 
hosts for S.mansoni.

1159
A TEGUMENT-SPECIFIC VENOM ALLERGEN-LIKE PROTEIN 
FROM THE CHINESE LIVER FLUKE CLONORCHIS SINENSIS 

Tai-Soon Yong, Tae Yun Kim, Hea Sun Woo
Yonsei University College of Medicine, Seoul, Republic of Korea

The SCP/TAPS (sperm coating protein/Tpx-1/Ag5/PR-1/Sc7) proteins are 
multifunctional protein found in eukaryotes. Venom allergen-like (VAL) 
proteins, members of the SCP/TAPS protein superfamily, have been 
reported from several parasitic helminths. However, little is known about 
their biological and immunological function. In this study, a VAL protein of 
the Chinese liver fluke Clonorchis sinensis was cloned and characterized. 
A cDNA encoding 25 kDa protein was identified from EST database 
of C. sinensis. A BLAST search revealed that the protein shares 46% 
sequence identity with Schistosoma mansoni VAL 13 protein, and thus, 
the protein was named CsVAL13. Multiple sequence alignment indicated 
that SCP/TAPS domain of CsVAL13 shared 39~46% sequence identity 
with VAL proteins from parasitic helminths. His and Tyr residues, which 
help to stabilize protein structure, were highly conserved across the VAL 
protein sequences. Phylogenetic analysis showed that SCP/TAPS domain 
of CsVAL13 sequence clusters together with other group 2 VAL protein 
sequences. In the homology-modeled structure of CsVAL13, an α-β-α 
sandwich structure and residues for a putative active site were highly 
conserved. PCR-amplified cDNA sequence of CsVAL13 was subcloned into 
pET32a bacterial expression plasmid vector. Recombinant CsVAL13 protein 
was produced bacterially and purified by Ni-NTA affinity chromatography. 
Immune sera were obtained from BALB/c mice immunized with the 
recombinant CsVAL13 protein. ELISA value of IgG1 in the immune 
sera against the recombinant CsVAL13 protein was six-times higher 
than that of IgG2a suggesting that CsVAL13 can induce Th2-polarized 
immune response. Immunohistochemical localization using the immune 
sera revealed that CsVAL13 was distributed mainly in the tegument 

and intrauterine eggs of adult C. sinensis. These findings suggest that 
CsVAL13 may be involved in host-parasite interactions and immune 
stimulation on the surrounding host environments.  

1160
THE CHALLENGE OF IMPROVING BOILING: LESSONS 
LEARNED FROM A RANDOMIZED CONTROLLED TRIAL OF 
WATER PASTEURIZATION AND SAFE STORAGE IN PERU

Kristen Heitzinger1, Claudio A. Rocha2, Robert E. Quick3, 
Silvia M. Montano2, Drake H. Tilley2, Charles N. Mock1, Adela J. 
Carrasco4, Ricardo M. Cabrera4, Stephen E. Hawes1

1University of Washington, Seattle, WA, United States, 2U.S. Naval 
Medical Research Unit - 6, Callao, Peru, 3Centers for Disease Control and 
Prevention, Atlanta, GA, United States, 4Hospital San Juan de Dios, Ica 
Regional Ministry of Health, Pisco, Peru

Boiling is the most common method of household water treatment in 
low- and middle-income countries; however, it is not always effectively 
practiced. We conducted a randomized controlled trial among 210 
households, 93% of which used improved water sources, to assess the 
effectiveness of water pasteurization and safe storage interventions in 
reducing Escherichia coli contamination of household drinking water in 
a water-boiling population in rural Peru. Households were randomized 
to receive either a safe storage container or a safe storage container plus 
water pasteurization indicator or to a control group. During a 13-week 
follow-up period, households that received a safe storage container 
and water pasteurization indicator had a higher prevalence of stored 
drinking water contamination relative to the control group, although the 
difference was not statistically significant (Prevalence Ratio (PR): 1.19, 
95% CI: 0.93, 1.52). Receipt of a safe storage container alone had no 
effect on the contamination of stored drinking water (PR: 1.03, 95% CI: 
0.80, 1.32). Although use of low-cost water pasteurization indicators 
and locally available storage containers did not significantly increase the 
safety of household drinking water in this study, future research could help 
illuminate factors that facilitate the effective use of these interventions 
to improve water quality and reduce the risk of waterborne disease in 
populations that boil drinking water.

1161
THE QUALITY OF WATER IS STRAINED: FECAL 
CONTAMINATION IN RURAL BRAZIL

Lucio M. Barbosa1, Luciano Kalabric1, Fred Julião2, Rodrigo 
Almeida2, Sonia Teixeira2, Sonilda Teixeira2, Luis Afonso Cruz2, Leia 
Conceição2, Jothelma Oliveira2, Mitermayer Reis1, Ronald Blanton3

1Oswaldo Cruz Foundation, Salvador, Brazil, 2Federal Institute of Bahia - 
Santa Ines Campus, Santa Ines, Brazil, 3Case Western Reserve University, 
Cleveland, OH, United States

Wherever humans concentrate, fecal contamination of surface waters 
becomes a problem. We previously traced the concentration of human 
fecal contamination along a river dividing a village in rural Brazil. In 
this cross-sectional study we found that concentration increased in a 
downstream direction and diminished as the river left the populated area. 
This correlated with the prevalence of schistosomiasis. In order to follow 
longitudinal changes in water quality, we sampled water at 8 points over a 
km long stretch of the Jiquiriçá River and its tributary, the Brejões, as well 
water from the local treatment plant. The water is clear in most places, 
but heavily sedimented after heavy rains. Its temperature was within 1-2 
degrees of the ambient temperature and averaged 26.2 °C across all 
sites. Oxygen saturation was on average good (mean 3.7 mg/d) at most 
sites. pH decreased as population density increased. For the Jiquiriçá, pH 
decreased from 6.99 upstream to 6.50 downstream of the last dwelling 
(mean=6.75). On the Brejões, the same trend was seen (pH 6.96 to 6.63, 
mean=6.75). The presence of E. coli is better associated with human 
feces than total coliforms. We found significant correlation between the 
total coliforms and E. coli (r2=0.81). Over the year, the concentration of 
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coliforms (337 cfu/ml) and E. coli (184 cfu/ml) was consistently highest 
at site 8, which corresponded to a point immediately downstream of the 
major population concentration on the Brejões. On the Jiquiriçá, site 4 
had the highest levels of coliforms (190 cfu/mL), but site 3, where the 
Brejões enters the Jiquiriçá, showed the highest levels of E. coli. When 
river flow increased we found that levels of coliforms increase statistically 
(r2=0.99), however, levels of E. coli did not (r2 = 0.05). Samples from the 
water treatment plant had abundant coliforms at times, but rarely showed 
E. coli. This suggests that run-off produces the greatest risk of zoonotic 
contamination, but does not influence the concentration of human 
sources. qPCR will be used to evaluate more specific markers of human 
fecal contamination.

1162
REPRODUCTIVE HISTORY AMONG WOMEN EXPOSED TO 
INSECTICIDES THROUGH MALARIA CONTROL PROGRAMS IN 
CENTRAL EAST INDIA

Blair Wylie1, Mrigendra P. Singh2, Kojo Yeboah-Antwi3, Neeru 
Singh2, Davidson H. Hamer3

1Massachusetts General Hospital, Boston, MA, United States, 2National 
Institute of Malaria Research Field Station, Jabalpur, India, 3Center for 
Global Health and Development, Boston University, Boston, MA, United 
States

Indoor residual spraying (IRS) is a cornerstone of malaria vector control; 
insecticides used for IRS such as DDT, organophosphates, and pyrethroids 
have been linked in animal and epidemiologic studies with reproductive 
toxicity. As IRS requires community wide application to more than 80% 
of homes to be effective, reproductive aged women will be exposed. 
Our objective was to determine if IRS exposure impacted reproductive 
outcomes among women in central east India where the government 
has an established IRS program. Data was available from two similarly 
conducted cross sectional surveys of pregnant women enrolled at delivery 
in the states of Jharkhand and Chhattisgarh; 1730 of 1739 subjects had 
information on IRS exposure (ever sprayed versus never sprayed). We 
used multivariable logistic regression models to evaluate the association 
of IRS exposure with reproductive history. A large proportion of women 
in the cohort (688/1730, 39%) reported having had their homes sprayed 
by the government. The prevalence of malaria parasitemia (peripheral 
or placental) was 3.2% and was not affected by history of IRS exposure 
(p=0.63). Women whose homes had been sprayed during IRS campaigns 
were more likely to report a history of a stillborn infant (aOR 1.60, 95% 
CI 1.05-2.44) but not a history of early pregnancy loss (aOR 0.91, 95% 
CI 0.65-1.30) after adjusting for covariates that differed by IRS exposure 
group. Our findings are limited as IRS exposure was determined by 
maternal recall and the timing of exposure in relation to pregnancies was 
not defined. Further research is warranted to clarify potential toxicity to 
reproductive aged women from specific insecticides so that policymakers 
who design IRS programs will be able to identify the safest insecticide(s) 
for reproductive aged women.

1163
ASSOCIATION BETWEEN PROXY MEASURES OF 
HANDWASHING AND PREVALENCE OF CHILD DIARRHEA IN 
15 LOW-INCOME COUNTRIES: ANALYSIS OF DEMOGRAPHIC 
AND HEALTH SURVEYS, 2010-2012

Sharifa Nasreen1, Jaynal Abedin1, Pavani K. Ram2

1International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, 
Bangladesh, 2University at Buffalo, Buffalo, NY, United States

Children in low-income countries are at increased risk of diarrheal 
diseases, which are largely preventable. Handwashing (HW) with soap can 
significantly reduce childhood diarrhoea. We assessed whether a proxy 
measure of HW with soap, the presence of soap and water at a HW place, 
was associated with a reduced prevalence of diarrhea among children 

aged <5 years in low-income countries. We used comparable data from 
Demographic and Health Surveys (DHS) conducted in 2010-2012 in 15 
low-income countries. For each country and pooled across the countries, 
we estimated crude and adjusted risk ratios (RRs) for 2-week prevalence of 
diarrhea comparing children from households having water alone, or soap 
and water, with children from households having no water or soap at a 
HW place. Compared to children from households with no water or soap 
at a HW place, children from households with water alone had 3-62% 
lower prevalence of diarrhea in 6 countries and 6-35% higher prevalence 
of diarrhea in 9 countries. Children from households with water and soap 
at a HW place had 6-49% lower prevalence of diarrhea in 9 countries and 
had 14-45% higher prevalence of diarrhea in 5 countries compared to 
children from households with no water or soap. There was no difference 
in diarrhea prevalence between the children in both groups in one country. 
In pooled analyses, there was a 10% (adjusted RR 0.90, 95% CI 0.74-
1.10) lower prevalence of diarrhea among children from households with 
water alone and an 11% (adjusted RR 0.89, 95% CI 0.76-1.04) lower 
prevalence of diarrhea among children from households with water and 
soap compared to children from households with no water or soap. There 
was substantial heterogeneity among the countries. Availability of HW 
materials at designated places for washing hands was not significantly 
associated with diarrhea prevalence. Availability of soap and water may 
be necessary but not sufficient condition for consistent practice of HW 
behavior. There is a need to develop indicators of HW determinants that 
could be used in conjunction with observation of HW materials to better 
predict true HW behavior of target populations in large-scale surveys such 
as the DHS.

1164
OBSERVED HANDWASHING BEHAVIOR DURING INFANT 
FEEDING, INTERVENTION ASSESSMENT OF A LARGE 
RANDOMIZED CONTROLLED TRIAL (RCT) IN RURAL 
BANGLADESH

Kaniz Khatun E Jannat1, Leanne E. Unicomb1, Christine P. 
Stewart2, Mahbubur Rahman1, Fosiul A. Nizami1, Stephen P. Luby1

1International Centre for Diarrhoeal Disease Research, Bangladesh, 
Dhaka, Bangladesh, 2Program in International and Community Nutrition, 
University of California Davis, Davis, CA, United States

We analyzed data from a randomized controlled trial (RCT) to assess 
if the provision of a supportive environment improved handwashing 
(HW) practices before child feeding when this key time was not actively 
promoted during intervention. We studied caregivers’ HW practices before 
feeding different food items. The WASH Benefits study is an ongoing RCT 
in four districts in Bangladesh. Participants received messages to wash 
hands with soap after defecation, after cleaning a child’s anus and before 
preparing food, but not before child feeding. Participants also received 
two HW stations; at the food preparation area and the latrine. We 
randomly selected 54 households each from the control, HW, combined 
water, sanitation, HW (WASH), and WASH plus nutrition (WASH, N) 
arms. At each household we conducted five-hour structured observations 
from February-July 2014, approximately 1.5 years after initiation of the 
intervention. During the observation, children were 6-18 months old. HW 
with soap before breastfeeding was very low (3%) in all three intervention 
arms and absent among controls. Though the proportion was low HW 
with soap before feeding water was more common in the HW intervention 
arm (9%) compared to controls (2%, RR 4.47; 95%CI 1.40, 14.35). This 
difference was less apparent in the combined arms (6%, RR 3.13, 95%CI 
0.99, 9.94). We observed that HW with soap before feeding solid moist 
food, which maybe particularly conducive to bacterial growth, was more 
common in the HW intervention arm (26%) compared to the control arms 
(3%; RR 7.4; 95%CI 2.6, 21.1). This practice was also higher in the WASH 
(15%; RR 6.4; 95%CI 2.3, 17.8) and WASH, N arms (10%; RR 3.4; 95%CI 
1.1, 10.3) compared to controls. HW with soap before feeding dry food 
(<1%) and fruits (<2%) was rare. Focused promotional messages for HW 
before child feeding were lacking but a supportive setting was associated 
with increased HW with soap before feeding solid moist food to children. 
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Hand cleanliness during complementary feeding may be prompted for 
habit formation by ensuring a supportive environment for HW. Increased 
awareness of the impact of HW with soap on child health can foster 
practices beyond those specific events promoted.

1165
EXPRESSION OF CYTOKINES IN RESPONSE TO 
MYCOBACTERIUM AVIUM COMPLEX IN ENTEROCYTES AND 
ITS ASSOCIATION WITH ENVIRONMENTAL ENTEROPATHY

Gershom Chongwe1, Charles Michelo1, Paul M. Kelly2

1Department of Public Health, University of Zambia, Lusaka, Zambia, 
2Blizard Institute, Barts and the London School of Medicine and Dentistry, 
London, United Kingdom

Environmental enteropathy is a chronic inflammatory condition associated 
with stunting in children, poor vaccine response as well as malabsorption. 
Although its aetiology is unknown, it is known to be associated with 
T-cell activation. Mycobacteria is known to elicit activation of cytokines 
including tumour necrosis factor, interleukin 6, interferon γ and matrix 
metalloproteinases. The role played by mycobacteria in the aetiology of 
enteropathy is unknown. We carried out an investigation to determine 
the gut cytokine response to Mycobacterium avium complex. Intestinal 
biopsy samples were cultured with M. avium lysate in tissue culture 
medium in an environment with 95% O2/5% CO2 at 37°C for 24 hrs. 
The supernatant was collected and we used the cytometric bead array 
(CBA) human Th1/Th2/Th17 cytokine kit on a Facsverse machine to 
estimate cytokine expression. Preliminary results from 9 patients show that 
M. avium complex increased the expression of interleukin 4 (p=0.01), 
interlukin-10 (p=0.02), and interferon gamma (p=0.01) in enterocytes 
compared to negative control samples. There was no difference in the 
expression of interleukin-2 (p=0.80), interleukin-6 (p=0.23), interleukin-
17A (p=1.0) and tumour necrosis factor (p=0.63) in enterocytes compared 
to the negative controls. Our results have shown that M. avium induces 
inflammatory (interferon gamma) as well as anti-inflammatory (il-4 and il-
10) cytokines in enterocytes. M. avium could play a role in environmental 
enteropathy

1166
SPATIO-TEMPORAL PATTERN OF HOSPITAL-ACQUIRED 
ACINETOBACTER BAUMANNII INFECTION IN TEACHING 
HOSPITAL IN SOUTHERN THAILAND

Sarunyou Chusri, Kachornsakdi Silpapojakul, Edward McNeil, 
Virasakdi Chongsuvivatwong
Prince of Songkla University, Hat yai, Songkhla, Thailand

Molecular and mathematical methods are increasingly used in 
microbiologic diagnostics, particularly in epidemiologic investigations. 
Various molecular typing methods are employed to study the molecular 
epidemiology of Acinetobacter baumannii. The studied population 
included 197 A. baumannii undergone genotypic grouping using pulse 
field gel electrophoresis (PFGE). Relationship between admission ward, 
and timing of their occurrence were examined. Randomized representative 
isolates from each group were further analyzed for multilocus sequence 
typing (MLST), which were then compared with international database. 
Fisher test with 2,000 replicate Monte Carlo simulations and dotplot 
analysis were carried out on the cross-table between PFGE group and 
Ward Among carbapenem-resistant A. baumannii (CRAB), multiplex 
PCR for the blaOXA-23, blaOXA-40, and blaOXA-58 genes were done. Ten PFGE 
groups were identified causing 23 clusters. The average cluster size was 
6.09 ± 6.61 cases. The average duration of outbreak was 12.6 ±13 days. 
The average wards per cluster were 2.41 ± 1.68 wards. Certain PFGE 
groups tended to be common in certain wards with P value of 0.0005. 
Dotplot analysis showed those clusters were relatively short and replaced 
with other successful groups rapidly. The eight sequence typing (STs) 
were previously described in Thailand, Vietnam and China while 2 STs 
were novel. Most common gene encoding for carbapenemase is blaOXA-23 

followed with blaOXA-58. In conclusion, outbreaks of A. baumannii in this 
study had a strong spatio-temporal pattern. The etiologic organisms were 
from different new and endemic sources. Prevention of new incoming 
organism may be useful in addition to the attempt on prevention of 
transmission during the outbreak.

1167
UNDERSTANDING WATER STORAGE PRACTICES OF URBAN 
RESIDENTS OF AN ENDEMIC DENGUE AREA IN COLOMBIA: 
PERCEPTIONS, RATIONALE AND SOCIO-DEMOGRAPHIC 
CHARACTERISTICS

Diana R. Higuera-Mendieta, Tatiana García-Betancourt, Catalina 
González-Uribe, Juliana Quintero
Fundación Santa Fe de Bogotá, Bogotá, Colombia

Household water storage has received special attention in prevention 
strategies for controlling Aedes aegypti reproduction, but the evidence 
about the rationale of this human practice is limited. The objective of 
this study was to identify and describe water storage practices among 
residents of an urban area in Colombia (Girardot) and its association with 
reported perceptions, rationale and socio-demographic characteristics 
with mixed methods approach. Knowledge, attitudes and practices and 
entomological surveys from 1,721 household were conducted as well as 
26 Semi-structured interviews among residents of Girardot and vector 
borne technicians. A multiple logistic analysis was performed to identify 
associations between water storage practice and socio-demographic 
characteristics, and knowledge, attitudes and practices about dengue and 
its vector ́ immature forms, which were then triangulated with qualitative 
information obtained from the semi structured interviews. Water storage 
is a common, and cultural practice in Girardot, 82% of respondents 
reported this activity. This practice was not associated with socioeconomic 
characteristics such as years of education (OR 0.97, 95% CI 0.79-1.19), 
lower income (OR 0.81, 95% CI 0.48-1.36) or knowledge about the vector 
and it’s breeding sites. There are two main reasons for storage: the scarcity 
concern based on a long history of shortages of water in the region and 
the perception of high prices in water rates, contrary to what was reported 
by the local water company. The use of stored water depends on the type 
of container used, while water stored in large cement basins is mainly 
used for domestic cleaning chores, water in plastic containers is used for 
cooking. Despite of the common believe that water storage practices are 
related to socioeconomic conditions, this practice relays on cultural beliefs. 
It is essential to understand social practices that can increase or reduce the 
number of breeding sites of Ae. aegypti. Identification of individuals who 
store water and the rationale of such storage allow a better understanding 
of the social dynamics that lead to water accumulation.

1168
INCREASED ISOLATION FREQUENCY OF TOXIGENIC VIBRIO 
CHOLERAE O1 FROM ENVIRONMENTAL MONITORING SITES 
IN HAITI

Thomas A. Weppelmann
University of Florida, Gainesville, FL, United States

Since the identification of the first cholera case in 2010, the disease has 
spread in epidemic form throughout the island nation of Haiti; as of 2014, 
about 700,000 cholera cases have been reported, with over 8,000 deaths. 
While case numbers have declined, the more fundamental question 
of whether the causative bacterium, Vibrio cholerae has established 
an environmental reservoir in the surface waters of Haiti remains to be 
elucidated. In a previous study conducted between April 2012 and March 
2013, we reported the isolation of toxigenic V. cholerae O1 from surface 
waters in the Ouest Department. After a second year of surveillance 
(April 2013 to March 2014) using identical methodology, we observed a 
more than five-fold increase in the number of water samples containing 
culturable V. cholerae O1 compared to the previous year (1.7% vs 8.6%), 
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with double the number of sites having at least one positive sample 
(58% vs 20%). Both seasonal water temperatures and precipitation were 
significantly related to the frequency of isolation. Our data suggest that 
toxigenic V. cholerae O1 are becoming more common in surface waters 
in Haiti; while the basis for this increase is uncertain, our findings raise 
concerns that environmental reservoirs are being established.

1169
WATER SANITATION AND HYGIENE PRACTICES IN SOME 
COMMUNITIES IN BAYELSA STATE, NIGERIA

Agwu Nkwa Amadi1, Uwadiegwu Zachaeus2, Chinasa Orie 
Amadi1, Ikechukwu Nosike Simplicius Dozie1, Uchechukwu 
Madukaku Chukwuocha1, Adanna Nneoma Chukwuocha1, 
Geoffrey Chima Nwakwuo1

1Department of Public Health Technology, Federal University of Technology, 
Owerri, Nigeria, 2Environmental Health Programme, College of Medicine 
and Health Science, Abia State University, Uturu, Nigeria

A study on water sanitation and hygiene practice was carried out in three 
randomly selected communities in Bayelsa State, South-South geopolitical 
zone of Nigeria. The study adopted a descriptive cross-sectional design, 
with the aid of a questionnaire, bacteriological water analysisand sanitary 
inspection strategies for data collection. The study showed that 57 (33%) 
out of 169 heads of households studied were aware of improved water 
supply benefits and 37 (21.9%) were aware of sanitation/hygiene benefits. 
Eight one percent (81%)of the households sampled did not have access 
to improved water supply.The meanwater supply coverage was 17.85%, 
while sanitation was 46.89% in the three communities. From the findings, 
45% of the households used private neighborhood borehole and about 
20% depended on river and pond water as the main sources of water 
supply. The bacteriological water analysis showed that 120 out of 160 
sampleswere contaminated with Escherichia coli, Streptococcus faecalis 
and Salmonella typhi. Based on the above findings, massive health 
education/promotion is required to minimize water associated infections/
diseases.

1170
PREVALENCE OF SALMONELLA SPP. IN RAW MILK SAMPLES 
FROM FARM LIVESTOCK DUAL PURPOSE IN CÓRDOBA, 
COLOMBIA

Linda M. Chams, Virginia Rodriguez, Alfonso Calderon Rangel
Universidad de Córdoba, Monteria, Colombia

Raw milk has not been subjected to any process of thermisation or 
sterilization and so is considered one of the main transmission routes 
of pathogens causing food borne diseases (FBD). Salmonellosis is one 
of the most prevalent zoonosis around the world. Despite advances in 
technology and educational efforts to improve the food products handling 
throughout the production and marketing the FBD outbreaks due to 
Salmonella spp. are still prevalent in particular those involving dairy foods 
consumption. This study was undertaken to determine the prevalence of 
Salmonella spp. in raw milk samples from livestock dual purpose farms 
from the department of Córdoba, Colombia. Milk samples obtained 
during maximum and minimum precipitation periods in 149 farms were 
collected. Salmonella spp. were determined by conventional isolation 
according to protocols established by INVIMA. The suspected strains 
underwent biochemical tests and confirmed by Polymerase Chain Reaction 
(PCR) determining the InvA gene. All data were analyzed using the SAS 
statistical package. Salmonella spp. was detected in 1,34% (2/149) and 
2,01% (3/149) of the samples collected at minimum and maximum rainfall 
respectively, which was isolated by conventional bacteriology methods and 
molecularly confirmed by amplification of a 284 bp region corresponding 
to InvA gene. It was established that 60% (3/5) and 40% (2/5) of the 
isolates corresponded to samples taken at low and high precipitation 
respectively. In conclusion, the presence of Salmonella spp. in raw milk 

can become a risk to human health, so it is clear that the application 
of best management practices and good sanitary conditions contribute 
directly in reducing the Salmonella spp. milk contamination.

1171
DIAGNOSIS OF INFECTIONS CAUSED BY BACTERIA, FUNGI 
AND GASTROINTESTINAL PARASITES IN MEAT HANDLERS IN 
A SLAUGHTERHOUSE IN THE NORTH OF COLOMBIA, 2014

Linda M. Chams, Alberto Mestra, Luis Hernandez
Universidad de Córdoba, Monteria, Colombia

To determine the presence of infections caused by bacteria, fungi and 
gastrointestinal parasites in beef handlers in a slaughterhouse in the city 
of Santa Marta, Magdalena, Colombia 2014. The research corresponded 
to a cross-sectional descriptive study. The study sample corresponded 
to the whole of the 36 existing workers in the slaughterhouse. Prior 
socialization to company officials about the scope of the investigation and 
achieved the informed consent, the respective throat swab tests, direct 
examination with 10% KOH for hand and nail fungus and serials stool 
(three) were performed. Diagnosis of throat swab practiced showed the 
presence of gram-positive cocci in 36/36 (100%) of the samples, Gram 
positive in 1/36 (2.8%), Gram negative bacilli in 9/36 (25%) and fungal 
mycelia in 7/36 (19.4%) of them. The leukocyte reaction, possibly as a 
result of the presence of cocci, bacilli and fungi, showed a low leukocyte 
reaction in 23/36 (63.9%) samples, moderate leukocyte reaction in 12/36 
(33.3%) and increased leukocyte reaction 2/36 (5.5%) of the samples. 
The throat swab also showed fusoespirilar association in 6/36 (16.7%) 
of the patients examined. The stool tests showed a higher proportion of 
amoeba infections, highlighting Endolimax nana infection 7/36 (19.4%), 
followed by Entamoeba histolytica infections 5/36 (13.9%) and E. coli 
4/36 (11.1%). Protozoa of the genus Blastocistis hominis were also 
observed in 4/36 (11.1%) workers infected with Giardia lamblia and 
1/36 (2.8%). Nematode infections were observed only for the genus 
Uncinaria spp., 1/36 (2.8%). The presence of yeasts was found in 4/36 
(11.1%) handlers. No fungal infections diagnosis with 10% KOH in hands 
and nails were found. The study showed manipulators throat infections 
at enteric level compatible with several genera of bacteria and parasites 
of clinical importance, these infections would also become a source of 
contamination of manipulated meat, possibility given to consumers. With 
this study we intend to seek guidance from academic practices by health 
authorities to ensure the health of handlers and food security.

1172
A MOLECULAR MECHANISM OF ARTEMISININ RESISTANCE 
IN PLASMODIUM FALCIPARUM MALARIA

Alassane Mbengue1, Souvik Bhattacharjee1, Trupti Pandharkar1, 
Haining Liu2, Guillermina Estiu2, Robert V. Stahelin1, Shahir S. 
Rizk1, Dieudonne L. Njimoh1, Yana Ryan1, Kesinee Chotivanich3, 
Chea Nguon4, Mehdi Ghorbal5, Jose-Juan Lopez-Rubio5, Michael 
Pfrender2, Scott Emrich6, Narla Mohandas7, Arjen M. Dondorp8, 
Olaf Wiest2, Kasturi Haldar1

1Notre Dame University, Boler-Parseghian Center for Rare and Neglected 
Diseases, Notre Dame, IN, United States, 2Notre Dame University, Notre 
Dame, IN, United States, 3Faculty of Tropical Medicine, Mahidol University 
Bangkok, Thailand, 4National Center for Parasitology, Entomology 
and Malaria Control, Phnom Penh, Cambodia, 5CNRS 5290/Institut 
de Recherche pour le Developpement 224/University Montpellier 1&2 
(‘‘MiVEGEC’’), University Montpellier, France, 6Notre Dame University, 
Department of Computer Science and Engineering, Notre Dame, IN, 
United States, 7New York Blood Center, New York, NY, United States, 
8Centre for Tropical Medicine, Nuffield Department of Clinical Medicine, 
University of Oxford, Oxford, United Kingdom

Artemisinins are the cornerstone of anti-malarial drugs. Emergence and 
spread of resistance to them raises risk of wiping out recent gains achieved 
in reducing worldwide malaria burden and threatens future malaria 
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control and elimination on a global level. Genome-wide association 
studies (GWAS) have revealed parasite genetic loci associated with 
artemisinin resistance. However, there is no consensus on biochemical 
targets of artemisinin. Whether and how these targets interact with genes 
identified by GWAS, remains unknown. Here we provide biochemical and 
cellular evidence that artemisinins are potent inhibitors of Plasmodium 
falciparum phosphatidylinositol-3-kinase (PfPI3K), revealing an 
unexpected mechanism of action. In resistant clinical strains, increased 
PfPI3K was associated with the C580Y mutation in P. falciparum Kelch13 
(PfKelch13), a primary marker of artemisinin resistance. Polyubiquitination 
of PfPI3K and its binding to PfKelch13 were reduced by the PfKelch13 
mutation, which limited proteolysis of PfPI3K and thus increased levels of 
the kinase, as well as its lipid product phosphatidylinositol-3-phosphate 
(PI3P). We find PI3P levels to be predictive of artemisinin resistance in 
both clinical and engineered laboratory parasites as well as across non-
isogenic strains. Elevated PI3P induced artemisinin resistance in absence of 
PfKelch13 mutations, but remained responsive to regulation by PfKelch13. 
Evidence is presented for PI3P-dependent signalling in which transgenic 
expression of an additional kinase confers resistance. Together these data 
present PI3P as the key mediator of artemisinin resistance and the sole 
PfPI3K as an important target for malaria elimination. 

1173
IDENTIFYING AND CHARACTERIZING A NOVEL TRAFFICKING 
COMPONENT OF THE PLASMODIUM FALCIPARUM 
VIRULENCE FACTOR PFEMP1

Aaron T. Neal1, Lisa C. Ranford-Cartwright2, Richard T. Eastman1, 
Chris I. Newbold3, Rick M. Fairhurst1

1National Institutes of Health, Rockville, MD, United States, 2University of 
Glasgow, Glasgow, United Kingdom, 3University of Oxford, Oxford, United 
Kingdom

Plasmodium falciparum erythrocyte membrane protein 1 (PfEMP1) is 
the main parasite virulence factor due to its central role in mediating the 
cytoadherence of infected red blood cells (iRBCs) to the host microvascular 
endothelium. Directly targeting PfEMP1 as a therapeutic strategy is greatly 
limited due to the protein’s hypervariable nature, which gives rise to ~60 
different variants. However, interfering with the trafficking of PfEMP1 to 
the iRBC surface is an attractive approach, as hypervariability becomes 
inconsequential and previous studies have demonstrated that reduced 
surface PfEMP1 levels significantly weaken cytoadherence, likely lessening 
the severity of malaria symptoms and promoting parasite clearance by 
the spleen. Interestingly, the in vitro culture-adapted parasite line 3D7 is 
inherently defective in exporting PfEMP1 to the iRBC surface. Presuming 
that PfEMP1 export from the parasite to the iRBC surface is controlled at 
the genetic level, we hypothesized that 3D7 harbors one or more genetic 
determinants of impaired PfEMP1 trafficking. To test this possibility, we 
examined the surface PfEMP1 levels of 16 progeny clones from the genetic 
cross between 3D7 and the ‘trafficking-competent’ parasite line HB3. 
This was assessed using Western blotting and a two-color, three-layer 
flow cytometry assay with plasma from malaria-immune Malian adults. 
Normalized to HB3, we found that 3D7 displays 75% less PfEMP1 on the 
iRBC surface, with progeny phenotypes ranging from 37% more to 88% 
less PfEMP1. QTL analysis using genome-wide SNP markers identified a 
near-significant locus with a LOD score of 4.96 on chromosome 12 that 
explains ~50% of the phenotypic variance. This locus contains a single 
gene, Pf3D7_1245600, encoding a putative kinesin-6 protein. The role 
of this gene in the trafficking of PfEMP1 was directly assessed through 
CRISPR-Cas9-driven parental allele-exchange transfection experiments, and 
indirectly assessed though in vitro microtubule manipulation studies. The 
results of this study strengthen our understanding of malaria pathogenesis 
and direct attention to a highly understudied parasite protein family.

1174
FORM AND FUNCTION OF REGULATED MRNP COMPLEXES IN 
PLASMODIUM TRANSMISSION

Elyse E. Munoz, Mark F. Kennedy, Kevin J. Hart, Mackenzie M. 
Shipley, Scott E. Lindner
Center for Malaria Research, Pennsylvania State University, University Park, 
PA, United States

Translational repression of specific mRNAs allows control of gene 
expression by Plasmodium species, which the parasite uses to prepare 
for transmission events between a mammalian host and a mosquito 
vector. Our previous studies demonstrate that Puf2, a RNA-binding 
translational repressor protein, plays an integral role in maintaining the 
infectivity of transmitted salivary gland sporozoites, in regulating RNA 
homeostasis, and in translationally repressing specific transcripts. In the 
absence of Puf2, the transcript abundances of other RNA-binding proteins 
are affected, including those that encode for members of the CCR4/
Not and DOZI/CITH complexes, which are essential to RNA metabolism 
and translational repression. To this end, have studied the intersection 
of these critical mRNA/protein (mRNP) complexes and processes during 
transmission through genetic manipulation of the rodent-infectious 
parasite Plasmodium yoelii. First, we have identified that the ALBA4 
protein plays an integral role in both gametocytes and sporozoites, 
and its genetic disruption leads to an enhancement of the number of 
transmissible gametocytes from host-to-vector, but dampens the wave of 
sporozoites migrating from the midgut to the salivary gland. Conversely, 
genetic disruption of CCR4 (a general deadenylase) dampens the wave 
of gametocytes that can be transmitted from the host, but does not 
affect sporozoite development. Secondly, we have isolated the mRNP 
complexes associated with the ALBA family of proteins from transmissible 
gametocytes and asexual blood stages, and have used high mass accuracy 
mass spectrometry and RNA-seq to define their composition. Lastly and 
excitingly, we have for the first time developed the techniques required 
to isolate mRNP complexes from the Plasmodium sporozoite. We are 
extending these approaches to characterize both the ALBA and Puf2 
mRNP complexes in developing sporozoites to identify commonalities in 
their form and function between gametocytes and sporozoites. Taken 
together, these efforts illuminate the differences between discrete storage 
granules present during both transmission events.

1175
EXPERIMENTAL CEREBRAL MALARIA INDUCES CEREBRAL 
VASCULAR DYSFUNCTION AND COGNITIVE IMPAIRMENT 
VIA ENDOTHELIN A RECEPTOR SIGNALING

Brandi D. Freeman, Yuri C. Martins, Mahalia S. Desruisseaux
Albert Einstein College of Medicine, Bronx, NY, United States

Cerebral malaria (CM) is a diffuse encephalopathy caused by Plasmodium 
falciparum infection, which kills and disables millions of children each 
year. The potent vasoactive peptide, endothelin-1 (ET-1), which is thought 
to be involved in CM, mediates blood brain barrier (BBB) permeability, 
inflammation, and vascular tone. Researchers propose that elevated 
levels of ET-1 during severe P. falciparum infection may contribute to 
cerebrovascular dysfunction ultimately impairing neurocognition. However, 
the underlying mechanism of ET-1 in the pathogenesis of CM is not fully 
understood. In the current study, we tested the hypothesis that ET-1 
mediates vascular and cognitive dysfunction in the P. berghei ANKA 
(PbA) experimental CM (ECM) model. We previously demonstrated that 
ECM resulted in significant memory loss, even after successful antimalarial 
treatment. P. berghei NK65 (PbN) generally does not induce ECM in 
C57BL/6 mice and has been used as a non-CM negative control for PbA. 
Here, we demonstrate that exogenous administration of ET-1 induced 
memory deficits in PbN-infected mice triggering an ECM-like phenotype. 
Moreover, treatment with an endothelin type A receptor antagonist 
(ETARA) prevented BBB disruption, cerebral vasoconstriction, and 
neuroinflammation in PbA-infected mice. ETARA reduced brain endothelial 
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activation concomitantly diminishing brain microvasculature congestion. 
Interestingly, ETARA adjunctive therapy prevented neurocognitive 
impairments induced by PbA-infection. We propose that these effects were 
mediated by activation of c-Jun N terminal kinase (JNK), a downstream 
substrate of ET-1 signaling associated with cognitive impairment and is 
important in the development of ECM. Here, we demonstrate that ET-1 
induced the expression of JNK phosphorylation in the brains of PbN-
infected mice, while ETARA prevented increased JNK phosphorylation 
in PbA-infected animals. We therefore conclude that cerebrovascular 
disturbances and cognitive impairments in ECM are due, in part, to ET-1 
signaling. Thus, targeting the ET signaling-axis may serve as a potential 
adjunct therapy in the treatment of patients with CM.

1176
Α2MACROGLOBULIN CAN CROSSLINK MULTIPLE 
PLASMODIUM FALCIPARUM ERYTHROCYTE MEMBRANE 
PROTEIN 1 (PFEMP1) MOLECULES AND MAY FACILITATE 
ADHESION OF PARASITIZED ERYTHROCYTES

Liz Stevenson1, Erik Laursen1, Graeme J. Cowan2, Betty Bandoh3, 
Lea Barfod1, David R. Cavanagh2, Gregers R. Andersen4, Lars 
Hviid1

1University of Copenhagen, Copenhagen, Denmark, 2University of 
Edinburgh, Edinburgh, United Kingdom, 3University of Ghana, Accra, 
Ghana, 4University of Aarhus, Aarhus, Denmark

Rosetting, the adhesion of Plasmodium falciparum-infected erythrocytes 
to uninfected erythrocytes, involves clonal variants of the parasite protein 
P. falciparum erythrocyte membrane protein 1 (PfEMP1) and soluble 
serum factors. While rosetting is a well-known phenotypic marker of 
parasites associated with severe malaria, the reason for this association 
remains unclear, as do the molecular details of the interaction between 
the infected erythrocyte (IE) and the adhering erythrocytes. Here, we 
identify for the first time a single serum factor, the abundant serum 
protease inhibitor α2macroglobulin (α2M), which is both required and 
sufficient for rosetting mediated by the PfEMP1 protein HB3VAR06 and 
other rosette-mediating PfEMP1 proteins. We map the α2M binding site 
to the Cterminal end of HB3VAR06, and demonstrate that α2M can bind 
up to four HB3VAR06 proteins, plausibly augmenting their combined 
avidity for host receptors. IgM has previously been identified as a rosette-
facilitating soluble factor that acts in a similar way, but it cannot induce 
rosetting on its own. This is in contrast to α2M and probably due to the 
more limited cross-linking potential of IgM. Nevertheless, we show that 
IgM works synergistically with α2M and markedly lowers the concentration 
of α2M required for rosetting. Finally, we demonstrate that the capacity 
to bind α2M is a common phenotype among P. falciparum isolates 
in vitro as well as ex vivo. Together, our results are evidence that P. 
falciparum parasites are able to expand the repertoire of host receptors 
available for PfEMP1-mediated IE adhesion to include receptors with low 
affinity for individual PfEMP1 molecules. These receptors likely include 
carbohydrate moieties that will lead to formation of rosettes when 
present on erythrocytes. The study opens opportunities for broad-ranging 
immunological interventions targeting the α2M- (and IgM-) binding 
domains of PfEMP1, which would be independent of the host receptor 
specificity of the clinically important rosette-mediating PfEMP1 antigens.

1177
ETHICS AND EBOLA: RECOMMENDATIONS OF THE 
U.S. PRESIDENTIAL COMMISSION FOR THE STUDY OF 
BIOETHICAL ISSUES

Kata Chillag
Presidential Commission for the Study of Bioethical Issues, Washington, 
DC, United States

In February 2015, the Presidential Commission for the Study of Bioethical 
Issues released Ethics and Ebola: Public Health Planning and Response. 

The report addresses ethical issues raised by the west African Ebola virus 
disease (EVD) epidemic, including public health, public, media, and political 
reactions to U.S. EVD cases, and the actual and perceived likelihood of 
a U.S. epidemic. After hearing from affected communities, public health 
leaders, journalists, historians, sociologists, and the public, the Commission 
focused its deliberations and analysis in three areas: 1) U.S. participation in 
the global epidemic response; 2) restrictive measures such as travel bans; 
and 3) research ethics in public health emergencies. The Commission made 
seven recommendations, including one focused on ethical considerations 
of implementing liberty-restricting measures during a public health 
emergency. Public engagement and ethics preparedness can help public 
health officials to determine when restrictive measures are appropriate and 
respond to calls for unwarranted quarantine or travel restrictions. Ethical 
dimensions of restrictive measures include their impact on health care 
professionals’ ability and willingness to participate in epidemic response, 
which, in turn, can impact the effectiveness of the public health response. 
Restrictive measures might be ethically implemented in circumstances 
where the evidence deems them helpful and their public health rationale 
is effectively communicated to an anxious public. Drawing on examples 
from EVD and other epidemics such as SARS, the Commission highlighted 
the importance of restrictive measures being based on scientific evidence 
and employed only when they will prevent harm to others and have 
the least possible impact on civil liberties. Moreover, the Commission 
underscored that decisions about the use of restrictive measures should 
consider both the immediate burdens they impose on affected individuals 
and communities (such as loss of income), as well as issues of justice and 
fairness, including the potential of these measures to exacerbate stigma 
and social and economic inequalities.

1178
THE UK’S IMPORTED FEVER SERVICE DURING THE EBOLA 
EPIDEMIC: A CENTRALIZED ADVICE AND DIAGNOSTIC UNIT 
FOR IMPORTED INFECTIONS

Alastair McGregor1, Caoimhe Nic Fhogartaigh1, Tri 
Wangrangsimakul1, Elham Khatamzas1, Hanif Esmail1, Jane 
Osborne1, Emma Aarons1, Andrew Simpson1, Amanda Semper1, 
Nicholas Beeching2, Peter Chiodini3, Tim Brooks1

1Public Health England, Salisbury, United Kingdom, 2Liverpool School 
of Tropical Medicine, Liverpool, United Kingdom, 3Hospital for Tropical 
Diseases, London, United Kingdom

The Rare and Imported Pathogens Laboratory (RIPL) is a specialist centre 
run by Public Health England for advice and diagnosis of a wide range 
of uncommon infections. In addition to its standard diagnostic activities 
(24000 samples tested pa.) it operates a telephone hotline (the imported 
fever service – IFS) for infection specialists seeking advice and access to 
tests for imported infections, including Ebola. Between April 2014 and 
March 2015, RIPL received 599 referrals. 316 of these were calls for 
diagnostics and advice for an imported fever (compared to 187 such calls 
the previous year), of which 130 required testing for Ebola. Another 243 
(46%) were calls about travellers from West Africa specifically related to 
Ebola testing, of which 101 (42%) were tested. All IFS samples, as well 
as 83/101 of Ebola requests, were tested using molecular and serological 
assays for flaviviruses, alphaviruses, phleboviruses and rickettsiae, the exact 
choice of tests guided by the incidence of infection in each of 10 large 
geographical areas. In 159 travellers from non-outbreak countries, RIPL 
diagnoses (including those where IFS advice led to the correct test being 
performed) were made in 23 and included chikungunya (5), dengue (5), 
leptospirosis (2), rickettsiosis (3), hantavirus (2), coxiellosis, CCHF, hepatitis 
E, malaria genus (species determined by MRL), scrub typhus, West Nile 
(one each). In travellers from the outbreak area (231 individuals) RIPL 
diagnoses were made in 32 (14%): undiagnosed malaria (18), rickettsiosis 
(5), Ebola (3), dengue (3), leptospirosis, Rift Valley and Toscana virus (one 
each). IFS experience shows the value of a one-stop specialist diagnostic 
network to support clinicians in local hospitals. Malaria is overrepresented 
and chikungunya is absent in our travellers from West Africa. A significant 
number of infections, some of serious clinical or public health importance, 
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have been identified in cases referred to RIPL. The centralisation of 
specialised testing facilitates communication and quality control and a unit 
such as RIPL is well placed to respond to the need for testing returnees 
from outbreak areas who are unwell.

1179
NIGERIA’S RESPONSE TO THE EBOLA OUTBREAK: CRITICAL 
LESSONS FOR HEALTH SYSTEMS STRENGTHENING IN AFRICA

Oluwatosin Omole1, Patience Ugwi2, Ngozi Egu-Okoronkwo1

1Howard University Hospital, Washington, DC, United States, 2University of 
Iowa College of Public Health, Iowa City, IA, United States

The Ebola virus spread from Liberia to Lagos, Nigeria in July 2014 and an 
uncontrolled Ebola outbreak would have been catastrophic in Nigeria, 
a country of 170 million people. Nigeria succeeded in containing Ebola 
through a “quick and forceful” rapid public health response. 20 people 
were affected and 8 died. While there has been extensive international aid 
to help Ebola affected countries, few of these efforts have been specifically 
targeted to building up their health systems. The Ebola outbreak is a huge 
health crisis but also a wake up call for immediate sustainable and scalable 
health systems strengthening. From a focused literature review, and on 
site visit to Nigeria this paper uses Nigerias experience as a trajectory and 
suggests methods for health systems strengthening by seeking answers to 
critical questions 1) Why was the response from African countries to Ebola 
slow and uncoordinated ? 2) Was Nigeria prepared or lucky? 3) What steps 
had Nigeria taken in the past to inadvertently prepare for Ebola and what 
can other countries learn? 4) What did Nigeria do differently during the 
crisis 5) How can African countries move from short term public health 
measures to long term initiatives and disaster preparedness and what 
are the next steps in developing a people centred health system? African 
countries with fragile health systems need a more robust approach in 
responding to health challenges including : improved health governance, 
research funding, quality improvement, effective health worker training 
and retention, and widespread public health education. Conclusions, 
countries must embrace strategic and pragmatic thinking as innovative 
solutions are sought for challenging and emerging public health problems.

1180
FORGING GLOBAL HEALTH PARTNERSHIPS THROUGH 
EBOLA PREPAREDNESS: US NAVAL MEDICAL RESEARCH 
UNIT-3 ASSISTS IN REGIONAL PUBLIC HEALTH RESPONSE, 
INFECTION CONTROL TRAINING AND SAMPLE 
MANAGEMENT IN CAIRO, EGYPT

Mustafa Abdel Aziz, Emad Mohareb, Moustafa Mansour, Stephen 
Lizewski, Gabriel Defang, Tamer Saeed, Hoda Mansour, Rhonda 
A. Lizewski
Naval Medical Research Unit - 3, Cairo, Egypt

The recent outbreak of Ebola Virus Disease (EVD) has prompted many 
nations outside of West Africa to strengthen their public health response 
to prepare for regional epidemics. In Egypt, US Naval Medical Research 
Unit No. 3 (NAMRU-3) assisted local and regional partners in EVD 
preparedness thereby fostering global health engagement. NAMRU-3 
acquired the capability to test EBOV-Zaire strain by rtPCR and as a World 
Health Organization (WHO) Collaborating Center for Emerging Infectious 
Diseases, responded to WHO’s request for training of laboratory and 
public health representatives in the region. Scientific seminars covering the 
virology of EBV, sample inactivation, handling and transport, and infection 
control precautions were offered through “just-in-time assessments”, 
workshops and training for the host nation and Eastern Mediterranean 
Region (EMRO) partner nations. As a regional asset, NAMRU-3 also 
contributed 3 microbiologists to the US DoD Operation United Assistance 
to build lab capacity in Liberia. After the initial seminar on 2 September, 
the local authorities assessed their Ebola Treatment Unit (ETU). They 
requested assistance with assessing the ETU and their Personal Protective 

Equipment (PPE) protocols for infection control. The training team assessed 
the ETU hospital site, provided hands-on training on PPE, and infection 
control. Additional training was provided to the Mobile Response Team. 
A three-day workshop for 13 participants from Jordan, Morocco, Tunisia, 
Lebanon, and Egypt was held from 28-30 October. Hands-on rtPCR 
laboratory and PPE training followed two days of educational seminars. 
Pre- and post- assessment quizzes showed an increase in the participants 
understanding of EBV from 60% to 73%. Specifically clarification was 
needed to distinguish between the PPE of avian influenza and EBV and 
exact route of transmission. The longstanding partnership between 
NARMU-3, Egypt, WHO and the EMRO region will allow for more agile 
response and preparedness to an evolving disease epidemic. During this 
session we will present how these relationships serve as a model for 
international global public health cooperation.

1181
DOCUMENTING THE RESPONSE TO THE EBOLA EPIDEMIC IN 
LIBERIA THROUGH THE PERSPECTIVE OF THE LOCAL PRESS

Kwame Sakyi, William R. Brieger
Johns Hopkins University, Baltimore, MD, United States

Mass media plays an important role in documenting national responses 
to crises like Ebola. Reviewing media documentation helps a country 
better prepare for current and future public health challenges. Ebola 
articles first appeared in the Liberian press in March 2014. Our objectives 
were to determine the frequency of newspaper accounts and the major 
issues covered. We conducted content analysis of Ebola coverage in three 
Liberian newspapers from March through December 2014. We reviewed 
electronic publications of three main newspapers by searching for the term 
“Ebola”. Data collected for each article included date of publication, and 
topic. Data were compiled in Microsoft Excel. After reading the first 50 
articles, we inductively generated codes to capture the news content and 
compiled these into a codebook. The codebook was constantly refined as 
additional articles were read. Codes were organized into major themes. 
A total of 1,793 articles were published across the 3 newspapers over the 
10-month period. The frequency of publications on Ebola ranged from 
27 in March 2014, but increased to 95 April. Coverage dropped to only 
15 in June, but began to rise sharply in August (227), reaching its peak in 
October (345). News reports frequency paralleled the incidence pattern of 
the disease. Major themes included the state of the epidemic, health care, 
psychosocial issues, international aid, political response, prevention, and 
local support. Overall political response to Ebola and the impact of Ebola 
on health workers received the most attention. In the early days common 
themes were border security and requests for aid. At the peak key themes 
were health worker problems and political responses. A review of the 
national press during a crisis like Ebola provides a valuable overview of the 
response of the different players ranging from health services and NGOs to 
international partners and government. It reflects political will and conflicts 
and can help a central operations team better coordinate resources and 
responses of partners.
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1182
PRECIOUS....LIFESAVING, BUT NOT WITHOUT PROBLEMS; 
A MIXED-METHODS STUDY EXAMINING BARRIERS AND 
FACILITATORS TO INFECTION PREVENTION AND CONTROL 
IN HEALTH FACILITIES DURING THE EBOLA VIRUS DISEASE 
EPIDEMIC IN SIERRA LEONE

Lara Ho1, Ruwan Ratnayake1, Hannah Brown2, Rashid 
Ansumana3, Laura Miller4, Matthias Borchert5, Thomas Kratz5, 
Foday Sahr6, Shannon A. McMahon7

1International Rescue Committee, New York, NY, United States, 2Durham 
University, Durham, United Kingdom, 3Mercy Hospital Research Laboratory, 
Bo, Sierra Leone, 4International Rescue Committee, Freetown, Sierra 
Leone, 5Charité – Universitätsmedizin, Berlin, Germany, 6University of Sierra 
Leone, Freetown, Sierra Leone, 7Independent Consultant, Berlin, Germany

During the Ebola virus disease (EVD) epidemic in Sierra Leone, health care 
workers (HCW) were frequently infected due to poor infection prevention 
and control (IPC). IPC was initially prioritized in Ebola treatment units 
(ETUs) though cases continued to present to primary health facilities. 
By December 2014, 64% of HCW infections had occurred outside of 
ETUs. Following a national scale-up of IPC in primary health facilities, we 
investigated gaps in IPC uptake. We conducted a mixed-methods study in 
eight facilities in Bo and Kenema Districts. Interviews with HCWs and focus 
groups with community members explored attitudes and experiences 
with IPC. Workshops for HCWs and health authorities were conducted 
to examine preliminary findings and develop IPC improvement plans. 
Quantitative measures of knowledge, attitudes and practice, including a 
survey and structured observations of HCWs, were administered before 
and after the workshops. Community members and HCWs described a 
similar series of emotions relating to EVD: from incredulity and disbelief to 
fear and sadness. HCWs described IPC practices as “precious” and “life-
saving,” but personal protective equipment (PPE) as uncomfortable and 
inducing fear, panic and “bad scenes” among patients. Endline measures 
of acceptance of glove use with patients (90.2%), PPE use with family 
members (87.8%) and HCWs (70.7%), and self-efficacy in screening 
(90.2%) were high. Structured observations showed consistent gaps 
in practice. Gloves and PPE items were inappropriately reused between 
screenings and multiple HCWs were present in screening areas. Screening 
behaviors, including standing the correct distance [RR 1.1, 95% CI 1.0-
1.2] and facing patients from the side [RR 2.5, 95% CI 1.6-3.7], improved. 
Although PPE is available and attitudes are favorable, critical practice gaps 
merit consideration. HCWs may make informed judgments about IPC by 
valuing highly self-protection but valuing less inter-patient transmission. 
They may lack a sense of urgency given that fewer patients screen positive. 
As EVD wanes in Sierra Leone, IPC in routine practice requires refinement 
and reinforcement.

1183
THE MOBILE EBOLA LABORATORY EXPERIENCE: 
PERSPECTIVES ON FUTURE DISEASE SURVEILLANCE AND 
RESPONSE IN SIERRA LEONE

Sharon E. Altmann1, Paul D. Stamper1, Joanne M. Horn1, David 
P. Roberts2, Gary Carter3, Jeanette M. Coffin4, Robert E. Hegarty3, 
Joseph A. Bogan4

1MRIGlobal, Frederick, MD, United States, 2MRIGlobal, Palm Bay, FL, 
United States, 3MRIGlobal, Kansas City, MO, United States, 4MRIGlobal, 
Rockville, MD, United States

As part of the global Ebola response effort in West Africa, MRIGlobal 
deployed a DTRA-funded mobile laboratory to the Moyamba District of 
Sierra Leone in late December, 2014. Operating in association with the 
Ebola Treatment Center (ETC) managed by Médicos del Mundo España 
and Solidarités International in the village of Moyamba, the Moyamba 
Ebola Diagnostic Center (MEDaC) processed clinical samples from the ETC 
and the local government-run hospital, and buccal swabs collected by 

burial teams throughout the district as part of corpse disposal procedures. 
As the global response effort increasingly focuses on the outbreak’s end, 
questions regarding the transition of laboratory capabilities to future 
disease surveillance and response efforts are being raised. Based on 
our lessons learned on the ground in Sierra Leone, we have identified 
challenges that should be considered for laboratory sustainment and 
capacity building in-country. Discussion of the future must include 
impending challenges related to maintaining the laboratories themselves, 
such as operating costs, utilities, material availability and replacement, 
and staffing, as well as challenges related more directly to laboratory 
operations, including laboratory location, laboratory diagnostic capabilities, 
in-country communications, and sample logistics.

1184
REFERRAL FROM COMMUNITY HEALTH WORKERS: 
EVIDENCE FROM CLUSTER RANDOMIZED TRIALS OF 
MRDTS IN TWO AREAS OF HIGH AND LOW MALARIA 
TRANSMISSION IN UGANDA

Sham Lal1, Richard Ndyomugyenyi2, Kristian S. Hansen1, Pascal 
Magnussen1, Siân E. Clarke1

1London School of Hygiene & Tropical Medicine, London, United Kingdom, 
2Ministry of Health, Kampala, Uganda

Integrated community case management (iCCM) is being scaled up in 
Sub-Saharan Africa to increase access to prompt and effective treatment. 
The global research agenda on iCCM has prioritised the need for evidence 
on the referral processes from community health workers (CHWs). We 
evaluated the impact of training in community case management of 
malaria and referral [with and without malaria rapid diagnostic tests 
(mRDTs)] on referral practices by CHWs and caretaker compliance to 
CHW’s referral advice, as part of a cluster randomised trial in which villages 
were randomised to either mRDT or presumptive diagnosis (control) arms. 
CHWs in both arms were trained how to prescribe ACTs and recognise 
illnesses requiring referral to a health centre. Data from CHWs’ treatment 
registers were linked to health centre records and analysed using logistic 
regression. Over 18 months CHWs in the high transmission area saw 
18,497 children. Compared to control arm, CHWs using mRDTs referred 
more children (35% vs. 1% control) and referral of mRDT negative 
children was higher (61% vs. 3% mRDT positive). CHWs only referred 
60% of children that met the eligibility criteria for referral, and were less 
likely to refer children at the weekend or during the rainy season. There 
was no difference with distance to the nearest health centre. Only 10% 
of all referred children complied with CHW’s referral advice. Compliance 
with referral advice was higher amongst children who had received an 
mRDT test (odds ratio (OR) 8.0, 95% confidence interval (CI) 1.6-40.8); 
and was lower during the rainy season (OR 0.6, 95%CI 0.4-0.8); weekend 
(OR 0.6, 95%CI 0.4-0.8) and as distance to the health centre increased 
(OR 0.7, 95%CI 0.5-0.9). In conclusion, mRDT testing was associated with 
both increased referral making by CHWs and with increased caretaker 
compliance, compared to a presumptive malaria diagnosis. Independent 
factors that negatively affected CHW’s decision to refer and caretaker’s 
decision to comply included age, day and season of consultation and 
distance to the health centre. Data on referral in the 3651 children 
consulting CHWs in the low transmission trial will also be presented.
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A SYSTEMATIC REVIEW ON THE EFFECTIVENESS OF 
STRATEGIES TO IMPROVE HEALTH WORKER PERFORMANCE 
IN LOW- AND MIDDLE-INCOME COUNTRIES: PRELIMINARY 
RESULTS ON HEALTH OUTCOMES

Samantha Rowe1, Alexander K. Rowe1, David H. Peters2, 
Kathleen A. Holloway3, John Chalker4, Dennis Ross-Degnan5

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
2Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States, 3World Health Organization Southeast Asia Regional Office, New 
Delhi, India, 4Management Sciences for Health, Yealmpton, Devon, United 
Kingdom, 5Harvard Medical School, Harvard Pilgrim Health Care Institute, 
Boston, MA, United States

Health workers (HWs) play essential roles in delivering health care. In 
low- and middle-income countries (LMICs), HW performance is often 
inadequate. To characterize the effectiveness of strategies to improve HW 
performance in LMICs, we conducted a systematic review of 15 electronic 
databases, 30 document inventories of international organizations, and 
bibliographies of 510 articles. We included studies meeting accepted 
criteria for methodological adequacy (e.g., trials with adequate 
comparison groups) of any strategy on any health topic in any language, 
published or not. After screening, data from relevant reports were double-
abstracted and entered into a database. This analysis focuses on studies 
that measured health outcomes (morbidity and mortality rates). Effect sizes 
were calculated as percent change over time in the intervention group 
minus percent change over time among controls. We screened >105,000 
citations, 822 reports met inclusion criteria, and 63 studies measured 
health outcomes as a rate (29 on morbidity only, 27 on mortality only, and 
7 with both). Many intervention strategies have been tested, usually with 
multiple intervention components. However, most strategies were tested 
by only one study. The median effect size (MES) across all studies was 
an improvement of 10 percentage-points (%-points) (interquartile range 
[IQR]: 0, 40). We examined strategies tested by at least 3 comparisons 
between an intervention arm and control arm for better generalizability. 
Among 45 studies focused on facility-based HWs, the strategy with the 
greatest health impact was HW training + group problem solving (MES = 
31 %-points across 5 comparisons, IQR: 5, 67). Among 18 studies focused 
predominantly on lay HWs, the strategy with the greatest health impact 
was patient or community education + HW training (MES = 53 %-points 
across 18 comparisons, IQR: 6, 64). Contextual and methodological 
heterogeneity made comparisons difficult. Results from this review, which 
will be finalized by mid-2015, should inform decision-making on how best 
to improve performance of both facility-based and lay HWs and health 
outcomes in LMICs.

1186
ENSURING HEALTHCARE DELIVERY TO NOMADS: 
ENUMERATION OF SETTLEMENTS AND MONITORING 
FOR POLIO VACCINATION CAMPAIGNS. SEPTEMBER 2012- 
MARCH 2015. MARU, ZAMFARA STATE- NIGERIA

Aishatu Sadiq1, Chima Ohuabunwo2, Patrick Nguku1, Gabriele 
Poggensee1

1Nigeria Field Epidemiology and Laboratory Training Programme, Abuja, 
Nigeria, 2National Stop Transmission of Polio Programme, Abuja, Nigeria

Nigeria maintains wild polio virus transmission. States in the north of 
the country are the main source of polio infection for other regions and 
neighboring countries. Nomadic communities common in the north are 
completely missed or partially covered during immunization plus days 
(IPDs) due to frequent mobility and remoteness of settlements. Most 
cases of wild polio virus (WPV) identified in 2012 were among nomadic 
children. Existing local government and ward micro planning was 
inadequate to identify and reach nomads. We revised ward micro plans, 
conducted a census of nomadic populations and subsequently monitored 

IPDs.Secondary data abstractions of existing ward micro plans and key 
informant interviews with traditional leaders were conducted. Indigenous 
nomadic guides and data collectors were trained in the use of GPS devices 
and data entry tools. Missed children, unlisted settlements and unreported 
acute flaccid paralysis (AFP) cases were identified.14 teams dispatched and 
supervised to 10 wards gathered baseline data on nomadic settlements, 
assessed vaccination coverage, under-five population and obtained GPS 
co-ordinates. Data were entered and analyzed with Epi-info software.
out of 283 nomadic settlements 172(60.8%) were listed in the micro 
plan, 111(39.2%) unlisted settlements were identified. 63 (22%) of total 
settlements had never been visited by vaccination teams, 47(17%) of 
settlements were missed during the previous IPDs. 1 case of unreported 
acute flaccid paralysis (AFP) was identified. The total under-five population 
was 1272, 525(41.3%) were recorded in the micro plan. Among under-
fives in unlisted settlements 345 (46.2%) were never vaccinated. During 
monitoring of subsequent IPDs 747(58.7%) under-fives in enumerated 
unlisted settlements were vaccinated by special teams. Ward level micro 
plans were adequately updated.Special nomadic teams providing added 
personnel are essential to ensuring effective vaccination coverage of 
nomadic communities.Partnership between traditional rulers, religious 
leaders and immunization teams established and maintained ensured 
success.

1187
TARGETING ANTIMALARIAL SUBSIDIES TO CONFIRMED 
CASES IN THE RETAIL SECTOR - TESTING A DIAGNOSIS-
DEPENDENT VOUCHER SCHEME IN WESTERN KENYA

Wendy Prudhomme O’Meara1, Jeremiah Laktabai2, Manoj 
Mohanan1, Elizabeth Turner1, Elisa Maffioli1, Alyssa Platt1, Adriane 
Lesser1, Diana Menya2

1Duke University, Durham, NC, United States, 2Moi University, Eldoret, 
Kenya

In an era of emerging resistance to artemisinin, diagnosis of malaria 
infection before treatment with ACTs is critical and has been 
recommended by the WHO since 2010. Significant improvements in 
malaria testing and ACT targeting have been reported in the formal health 
sector of several countries. However, a large proportion of suspected 
malaria patients purchase medicines over the counter in the informal 
retail sector. These patients generally do not have a diagnostic test and 
targeting of ACTs to true malaria cases is poor. We designed a randomized 
experiment to test the effect of community-based malaria testing coupled 
with a diagnosis-dependent voucher on testing and treatment decisions 
of participants. Individuals experiencing an acute malaria-like illness were 
randomized to one of four groups; 1) free malaria testing, 2) free malaria 
testing plus an ACT voucher if the test is positive, 3) malaria testing at a 
cost of 0.45 USD, 4) malaria testing for 0.45 USD plus an ACT voucher for 
a positive test. Participants who chose to be tested visited their local CHW 
for a malaria RDT. The voucher was provided to patients with a positive 
test in groups 2&4 and could be redeemed at a drug retailer for a discount 
of 0.50 USD towards a quality-assured ACT. The study was designed to 
measure whether a diagnosis-dependent voucher created an incentive to 
be tested before purchasing a drug. We will report the main effect of the 
conditional voucher on uptake of testing and estimate whether the effect 
is attenuated by charging a fee for testing. Preliminary results from the 
first 320 of 500 enrolled show that across all groups 60% of participants 
were tested for malaria. 65% of positive participants bought AL compared 
to only 16.5% of negative and 21% of untested participants. We will 
describe treatment choices for RDT-negative clients and RDT-positive 
clients in all four groups in order to understand whether adherence to the 
test results was influenced by the voucher or by the cost of the RDT. This 
approach could target retail sector antimalarial subsidies to individuals with 
confirmed infection, thus enhancing the sustainability of government and 
donor sponsored subsidies.
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1188
IMPROVING THE EXCHANGE OF INFORMATION OF CHWS 
AND HEALTH WORKERS IN BENIN THROUGH MHEALTH 
INITIATIVES

Lola Gandaho1, Fortune Dagnon1, Gilbert Andriandrasana1, Jane 
Fieldhouse2, Ramine Bahrambegi2, Pablo Aguilar2, Joseph Carter2

1ARM3/MCDI, Cotonou, Benin, 2Medical Care Development International, 
Silver Spring, MD, United States

Medical Care Development International (MCDI), through the United 
States Agency for International Development/PMI-funded ARM3 project, 
implemented an mHealth initiative utilizing Dimagi’s CommCare platform 
to facilitate the exchange of real-time health information between 
community and facility-level health workers in two health zones (HZ) in 
northern Benin. Over 12 months in 2014, 140 community and facility 
health workers used Android-enabled smartphones to report data 
electronically (replacing traditional paper-based forms). The reporting 
information included referrals for malaria, diarrhea, and pneumonia cases 
in children <5; counter-referrals; and drug stock outs. MCDI conducted 
an assessment in Nov. 2014 to identify lessons learned, best practices, 
and assess the feasibility of scale up to other HZs. A cross-sectional study 
using quantitative/qualitative metrics and an LQAS sampling method 
was conducted from a sample of 38 CHWs, 10 health facility chiefs, and 
2 statisticians and completeness was assessed through a review of data 
sent by CHWs to the CommCare HQ database. 92% (35/38) of CHWs 
felt the electronic reporting system was useful in their daily work and 
98% of all users preferred electronic to paper reporting. 84% of CHWs 
explained the usefulness of the system as allowing for real time data 
exchange, improving patient referral, and enhancing monitoring of CHW 
activities. The monthly average of completed reports submitted was 18% 
(Tchaourou) and 32% (Bassila). Reporting rates peaked when users had 
training/retraining on the “Case Sharing” feature (53% in Tchaourou and 
60% in Bassila). Low reporting rates were explained by various technical 
challenges, including internet outages, malfunctioning solar chargers, and 
interruptions in phone credit allocation (due to strikes by health workers). 
Findings from the pilot show that leveraging mHealth initiatives may be 
an effective way to improve reporting and the exchange of information 
between CHWs and health facility workers. However, regular supervisory 
visits and refresher trainings are required to enhance the CHW motivation 
to complete reports and technical challenges need to be considered before 
scale up.

1189
ADHERENCE TO ANTIMALARIALS AND ANTIBIOTICS 
PURCHASED AT PRIVATE SECTOR DRUG SHOPS IN EASTERN 
UGANDA

Phyllis Awor
Makerere University, Kampala, Uganda

Little is known about adherence to medication purchased in the private 
sector in low income countries. There is particularly no evidence on 
adherence to antibiotics purchased for children under-5-years of age from 
private sector drug shops in these settings. Low adherence to first line 
medication can lead to microbial resistance, higher expenditure on second 
or third line drugs and increased morbidity. This study was undertaken 
to determine the level of adherence to anti-malaria drugs (Artemisinin 
Combination Therapy – ACTs) and antibiotics (amoxicillin) purchased for 
children less than 5 years of age from drug shops in Eastern Uganda. 
Twenty drug shop were randomly selected from all registered drug shop 
(N=44) in one district in Eastern Uganda. Sample size was estimated for 
cross sectional studies based on 95% CI, 5% error margin and 10% 
non-response. The outcome was adherence to drugs bought at the drug 
shop, measured using both pill count and caregiver reports on day 4 for 
ACTs and day 6 for Amoxicillin. Patients were classified as non-adherent 
if they have any leftover tablet(s) in the blister pack. All drugs sold were 

pre-packaged, age-specific, single dose, and sold in blister packets with 
pictures demonstrating how and when the medication should be taken. 
The study was conducted between in May and June 2012. A total of 499 
children were recruited into the study. Adherence to ACTs was assessed in 
259 children and adherence to Amoxicillin was assessed in 240 children. 
85% of the children still had the blister packet that was dispensed with 
the medication and showed this to the data collectors. Adherence to 
both ACTs and amoxicillin was similarly low, 54% and 53% respectively. 
The main reasons for non-adherence were improvement in symptoms of 
the child (38%) and caretaker forgetfulness (35%). Predictors of non-
adherence will be presented. In conclusion, we found low adherence to 
ACTs and amoxicillin purchased at drug shops for children under-5 years 
of age. Community awareness on importance of completing doses by 
children is recommended. Further, drug sellers dispensing drug should 
emphasize completion of doses to caretakers of children.

1190
HEALTH SYSTEM BARRIERS TO THE UPTAKE OF 
INTERMITTENT PREVENTIVE TREATMENT OF MALARIA IN 
PREGNANCY IN MALI

Namratha Rao, Meredith Klein, Emily Hurley, Steven A. Harvey
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States

Auxiliary midwives and community health volunteers provide most 
antenatal care (ANC) to women in rural Mali. The country recommends at 
least three doses of sulfadoxine-pyrimethamine (SP) during pregnancy as 
intermittent preventive treatment of malaria (IPTp). Nevertheless, only 20% 
of pregnant women receive at least two doses of SP. This study aimed to 
identify health system barriers to adequate IPTp uptake among pregnant 
women in the Sikasso and Koulikoro regions of Mali. We conducted in-
depth interviews and focus groups with pregnant women, members of the 
community health associations, community health workers and community 
health volunteers. We also conducted key informant interviews and 
structured observations of antenatal care (ANC) visits at health clinics. Our 
results show four major facility-level barriers to SP uptake: i) inadequate 
community health worker training, ii) stock-outs of SP iii) poor counselling 
by health workers and iv) failure to administer SP as directly observed 
therapy (DOT). The management cited poor training of health care workers 
as a principal barrier. Stock outs are reportedly not a major issue, but when 
they occur, women are referred to private pharmacies which charge for SP. 
Cost is a major deterrent to SP acquisition. The use and distribution of SP 
was compared with that of the long-lasting insecticidal nets (LLINs) in the 
same study population. There is a lower demand for and less knowledge 
about SP use compared to that of LLINs. Pregnant women have incorrect 
or low knowledge about SP, pointing to inadequate counseling by 
healthcare workers. Health workers also allow women to take SP home 
rather than adhering to DOT guidelines. Our preliminary analysis suggest 
that interventions targeting training of health care workers on SP and 
improved counselling practices will improve IPTp uptake. We realize that 
an increase in the proportion of women attending two or more ANC visits 
is imperative to increase IPTp uptake. Further analysis of how these facility-
level barriers inform the broader health system in Mali is needed.

1191
THE MALPIGHIAN TUBULE TRANSCRIPTOME OF THE ASIAN 
TIGER MOSQUITO, AEDES ALBOPICTUS: NEW INSIGHTS INTO 
BLOOD MEAL PROCESSING BY MOSQUITO ‘KIDNEYS’

Peter M. Piermarini, Bryan J. Cassone, Carlos J. Esquivel
The Ohio State University, Wooster, OH, United States

The renal (Malpighian) tubules of mosquitoes play critical roles in salt and 
water balance. For example, in adult females, which ingest the equivalent 
of their body mass in blood when feeding on vertebrates, , the Malpighian 
tubules mediate a pronounced diuresis that begins while still on the host 
and lasts for 1-2 h after feeding to excrete the excess salt and water of the 
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ingested blood. However, the physiological roles of the Malpighian tubules 
during the chronic processing of blood meals (3-24 h after ingestion)_
when the ingested blood cells are digested and metabolized_are not well 
known. Here we attempt to fill this gap of knowledge by using RNA-Seq 
to characterize the transcriptome of Malpighian tubules in adult female 
Asian tiger mosquitoes (Aedes albopictus) under non-blood fed and 
blood fed (3-24 h after ingestion) conditions. The Asian tiger mosquito 
is one of the most invasive mosquito species in the world and a vector of 
important arboviruses, such dengue and chikungunya fevers. We found 
that the transcriptome of Malpighian tubules in non-blood fed mosquitoes 
is enriched with transcripts encoding proteins associated with 1) the active 
transport of ions and water, and 2) redox/detoxification mechanisms. After 
blood feeding, we find a shift in the transcriptome, where 1) transcripts 
encoding proteins associated with redox and detoxification mechanisms 
are up-regulated, such as glutathione S-transferases (GSTs), thioredoxin, 
xanthine dehydrogenase, and ABC transporters; and 2) transcripts 
encoding proteins associated with the active transport of ions and water 
are down-regulated, such as subunits of the V-type H+-ATPase, aquaporins, 
and ion channels/transporters. Assays to measure urine excretory capacity 
in mosquitoes, GST activity in Malpighian tubules, and uric acid content 
in Malpighian tubules confirm that the changes in transcript expression 
after a blood meal manifest as functional changes in the mosquito and 
Malpighian tubules. Our results indicate that the Malpighian tubules play 
a previously unrecognized role in the chronic processing of blood meals by 
mosquitoes.

1192
GENOMIC ISLANDS, REPRODUCTIVE ISOLATION AND 
ASYMMETRIC INTROGRESSION BETWEEN ANOPHELES 
COLUZZII AND AN. GAMBIAE

Abdoulaye Niang1, Simon P. Sawadogo1, Patric Stéphane Epopa1, 
Hamidou Maiga1, Lassana Konaté2, Roch K. Dabiré1, Abdoulaye 
Diabaté1, Frederic Tripet3

1Institut de Recherche en Sciences de la Santé, Bobo-Dioulasso, Burkina 
Faso, 2Laboratoire d’Ecologie Vectorielle et Parasitaire, Département de 
Biologie Animale de l’Université Cheikh Anta Diop, Dakar, Senegal, 3Keele 
University, Keele Staffordshire, United Kingdom

Within the Anopheles gambiae complex, the sibling species An. 
coluzzii and An. gambiae s.s. are major vectors of malaria thought to 
be undergoing a process of sympatric speciation with gene flow. In the 
absence of intrinsic post-zygotic isolation between the two cryptic taxa, 
speciation is thought possible through the association of assortative 
mating and ecological adaptation genes with genomic regions protected 
from recombination. These regions of genetic divergence are located 
within the pericentric regions of chromosomes and known as speciation 
islands. Spatial swarm segregation has been shown to play a major part 
in assortative mating in sympatric populations of the two species. Given 
its role in the process of speciation, the genetic determinants of spatial 
segregation are expected to be associated with one or several of the 
known islands of speciation described in the pericentric regions of the 
X, 2L and 3L chromosomes. In order to demonstrate the association 
between spatial swarm segregation and speciation islands, we sampled 
2063 male and 266 female An. coluzzii and An. gambiae individuals 
from swarms in an area of western Burkina Faso where hybridization is 
known to occur. Individuals were genotyped at 16 SNPs located within the 
X, 2L, 3L and assigned to either species based on a majority rule. Despite 
evidence from extensive introgression between the two sibling species, the 
overall majority of swarms where still found to be monospecific. Whether 
non-hybrid, first generation, or backcrossed individuals male and females 
were associate with An. coluzzii or An. gambiae swarms was strictly 
determined by their genotype at the X chromosome island of speciation. 
The association between swarm type and the 3L chromosome island was 
significantly weaker than that with the X island. The association with 
the 2L island was broken down by the recent adaptive introgression of 
pesticide resistance loci located within this genomic region. These findings 

are important for our understanding of the ecological processes and 
genomic structures associated with the process of sympatric speciation in 
this important vector species complex.

1193
APPLICATIONS FROM A FAIRE-SEQ OPEN CHROMATIN 
PROFILING STUDY IN AEDES AEGYPTI

Molly Duman Scheel1, Joseph Sarro2, Susanta K. Behura2, Ping 
Li1, Keshava Mysore1, David W. Severson2, Scott J. Emrich2

1Indiana University School of Medicine, South Bend, IN, United States, 
2University of Notre Dame, Notre Dame, IN, United States

Despite substantial progress in mosquito genomic research, few cis-
regulatory elements (CREs), DNA sequences that control gene expression, 
have been identified in vector mosquitoes. The resulting deficiency, a 
significant gap in the basic knowledge of mosquito genetics, has resulted 
in a lack of drivers to manipulate gene expression in selected tissues at 
specific times. Such tools, which have revolutionized research in genetic 
model organisms, would benefit all avenues of mosquito research. FAIRE-
seq, formaldehyde-assisted isolation of regulatory elements paired with 
DNA sequencing, is emerging as a powerful new high-throughput tool for 
global CRE discovery. During the FAIRE process, chromatin is cross-linked 
with formaldehyde, sheared, and then phenol-chloroform extracted, 
allowing for preferential recovery of open chromatin DNA fragments, 
an evolutionarily conserved indicator of regulatory activity. We recently 
performed a FAIRE-seq study in the dengue vector mosquito Aedes 
aegypti. These efforts resulted in identification of thousands of CREs 
throughout the A. aegypti genome. We will present results from a high 
throughput screen in transgenic insects that examines the ability of these 
elements to promote tissue-specific gene expression in vivo. In addition 
to validating the FAIRE-seq data set, the screen was designed to select for 
elements that will drive gene expression in tissues of vector importance in 
multiple vector insect species. The FAIRE-seq data set has facilitated our 
analysis of gene regulatory networks in the developing mosquito nervous 
system. Genome-wide CRE identification has also allowed us to explore 
how DNA polymorphisms in regulatory regions have contributed to the 
changes in gene expression observed in dengue susceptible and refractory 
strains. This investigation, which is generating a toolkit of gene drivers 
for mosquito research, facilitating the study of mosquito gene regulatory 
networks, and promoting an understanding of how enhancer evolution 
contributes to pathogen susceptibility, will promote the use of FAIRE-seq in 
additional vector mosquito species.

1194
COMPLEX AND EVOLVING INSECTICIDE RESISTANCE SPANS 
SPECIES BARRIERS IN ANOPHELES COLUZZII

Bradley J. Main
University of California Davis, Davis, CA, United States

In 2006, the insecticide resistance allele (kdr) introgressed from Anopheles 
gambiae s.s. into A. coluzzii in parts of West Africa, coincident with the 
start of an insecticide treated bed net campaign. Here, we demonstrate 
that no other major genomic regions were introgressed, but we describe a 
selective sweep on putative cis-regulatory variation in the P450 insecticide 
resistance candidate gene CYP9K1. The modern A. coluzzii with kdr and 
a nearly fixed haplotype at CYP9K1 (cyp-l) is highly resistant to permethrin 
compared to A. gambiae (KD50=54min(N=86) vs 21min(N=55)) and has 
increased in relative frequency in the population from ~65% prior to 2006 
to 88% in 2014 (N=179). Interestingly, preliminary bioassay results suggest 
that cyp-l is not more resistant than another A. coluzzii haplotype (cyp-ll) 
in the absence of kdr (KD50=32min(N=40) vs 38min(N=7), respectively), 
potentially indicative of an allele-specific interaction between kdr and 
cyp-l. To functionally validate putative regulatory mutations associated with 
the highly selected cyp-l haplotype in A. coluzzii we have estimated allele-
specific expression in F1 hybrids between A. coluzzii and A. gambaie 
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(cyp-lll) individuals in the context of insecticide exposure. We have also 
explored the role of cis-regulatory variation in species divergence between 
A. gambaie and A. coluzzii.

1195
BUBBLY GENOMES OF POLYMORPHIC VECTOR SPECIES: 
ASSEMBLY QUALITY AND PRESERVED VARIATION

R. Rebecca Love1, Neil I. Weisenfeld2, David B. Jaffe2, Nora J. 
Besansky1, Daniel E. Neafsey2

1University of Notre Dame, Notre Dame, IN, United States, 2Broad Institute 
of Massachusetts Institute of Technology and Harvard, Cambridge, MA, 
United States

The existence of a reference genome assembly for a vector species 
facilitates analysis of the physiology, behavior, and population genomics 
of that species, all of which are critical to vector control efforts. However, 
creating a reference is often a technically challenging process requiring 
costly inputs; the high levels of polymorphism found in many insect vectors 
can complicate assembly even more. New assembly algorithms offer a 
chance for relatively simple and low-cost genome assembly, but have not 
been stringently evaluated in highly polymorphic insect vectors. Using 250 
bp paired-end reads sequenced from a single library of the major malaria 
vector Anopheles arabiensis, we show that DISCOVAR de novo can 
generate an assembly with contig N50 of 20,645, exceeding the contiguity 
of recently released assemblies for some closely related vectors. This 
DISCOVAR assembly of An. arabiensis contains nearly all the sequence 
present in an assembly for the same species made from multiple libraries 
of three insert sizes. The new assembly also recovers a set of universal 
benchmarking genes with completeness approaching that of the existing 
assembly, and with better completeness than an existing transcriptome 
assembly, which represents one of the most common low-cost alternatives 
to whole genome assembly. Additionally, DISCOVAR de novo preserves 
polymorphism information often lost during the assembly process. Using 
this information, we find that more than a third of the genome comprises 
polymorphic haplotypes in our sample, despite inbreeding by isofemale 
founding to reduce heterozygosity. We categorize the observed variants, 
and approximate their physical location based on alignment to the PEST 
reference genome for An. gambiae, a major malaria vector closely related 
to An. arabiensis. We also analyze haplotype information present in 
the output. We discuss the potential functional consequences of these 
genomic variants, both for their direct relevance to a major malaria vector 
and as a demonstration of the kinds of information that could be gleaned 
for other vector species.

1196
WEST AFRICAN AEDES AEGYPTI FORMOSUS COLLECTIONS 
SHOW DIFFERENTIATION AT SEX CHROMOSOMES

Corey L. Campbell1, Laura B. Dickson2, Saul Lozano-Fuentes1, 
Punita Juneja3, Francis M. Jiggins4, William C. Black, IV1

1Colorado State University, Fort Collins, CO, United States, 2Colorado State 
University, Institut Pasteur – Centre National de la Recherche, France, 
3Department of Genetics, University of Cambridge, Cambridge, United 
Kingdom, 4University of Cambridge, Cambridge, United Kingdom

Sex in the yellow fever mosquito, Aedes aegypti, is known to be 
controlled by an autosomal sex determination locus (SDL) on chromosome 
1. Attempts to construct F1 intercross families between West African and 
New World Ae. aegypti parents produced post-zygotic reproductive 
isolation patterns. Additional crosses indicated patterns consistent with 
Haldane’s rule wherein families arising from male hybrids had significantly 
lower egg to pupal survival as compared to offspring of female hybrids. 
Because Haldane’s rule applies to species with heterogametic sex 
chromosomes, we further examined the linkage of sex and white-eye 
which are known to be 14 cM apart on chromosome 1. Ninety-four 
families from four West African collections and 11 families from a Mexican 
collection were tested. White-eye and sex co-segregated at 14 cM in 

Mexico families but segregated independently of sex in 16-60% of West 
Africa families. Genetic diversity on the three autosomes was compared 
using high throughput sequencing (HTS) of exon-enriched libraries 
from pooled males or females from a rural Thailand collection and a 
sylvatic collection from southeastern Senegal (PK10). Genetic differences 
(FST) between marker frequencies in males and females were uniform 
across all chromosomes in the Thailand collection but were significantly 
different among sexes in PK10, with the largest differences occurring 
on chromosome 1; these differences were uniformly distributed across 
chromosome 1. These observations are consistent with the presence of 
two subspecies of Ae. aegypti in West Africa; one with and the other 
without heterogametic sex chromosomes.

1197
ANOPHELES GAMBIAE PREFOLDIN AS A PLASMODIUM 
AGONIST INTERACTING WITH LRRD7

Seokyoung Kang, Simone L. Sandiford, Yuemei Dong, Andrew 
Pike, Nathan J. Dennison, George Dimopoulos
Johns Hopkins University, Baltimore, MD, United States

In the malaria vector Anopheles, the IMD pathway is a major player in 
regulating the mosquito’s innate immune defense against Plasmodium 
falciparum. IMD pathway exerts its anti P. falciparum response through 
effector molecules. Previously, we and others have identified LRRD7 
(also known as APL2 or LRIM17) is involved in the defense against both 
human and rodent Plasmodium parasites. In order to elucidate the 
mechanisms of anti-malaria function of LRRD7, we used yeast two-
hybrid system to fish out the putative interaction partners of LRRD7 
and identified prefoldin subunit 6. Subsequently, RNAi-mediated gene 
silencing assays showed that depletion of prefoldin resulted in a significant 
decrease in the number of oocysts per midgut, suggesting prefoldin as a 
Plasmodium agonist that can interact with LRRD7. The role of prefoldin 
as a Plasmodium agonist suggested that it could serve as a target for 
transmission blocking antibodies. We fed mosquitoes on P. falciparum 
gametocyte cultures containing different concentrations of the purified 
prefoldin antibody, and determined infection intensity. These experiments 
showed a dosage-dependent transmission-blocking activity, suggesting 
prefoldin as a putative blocking target to inhibit Plasmodium. Prefoldin, 
a heterohexameric chaperone, is associated with other molecules to 
promote proper protein folding. Here we describe the characterization 
of prefoldin and its potential function as a Plasmodium agonist that 
interact with, and presumably inhibit, Plasmodium antagonists such as 
LRRD7, or Tep1 in the anti-Plasmodium protein complex. We also discuss 
Plasmodium transmission-blocking strategies in mosquitoes using small 
molecules that inhibit prefoldin.

1198
HIGH RATES OF ENTERIC FEVER DIAGNOSIS AND LOW 
BURDEN OF CULTURE-CONFIRMED DISEASE IN RURAL NEPAL

Jason R. Andrews1, Krista Vaidya2, Surendra K. Madhup2, Biraj 
Karmacharya2, Bibush Amatya2, Shawn Wen3, Shiva R. Adhikari4, 
Elizabeth Hohmann5, Amy B. Smith6, Rajendra Koju2, Edward T. 
Ryan5, Isaac I. Bogoch7

1Stanford University School of Medicine, Stanford, CA, United States, 
2Dhulikhel Hospital, Dhulikhel, Nepal, 3Massachusetts Institute of 
Technology, Cambridge, MA, United States, 4Tribhuvan University, 
Kathmandu, Nepal, 5Massachusetts General Hospital, Boston, MA, United 
States, 6Massachusetts Institute of Technology, Boston, MA, United States, 
7University Health Network, Toronto, ON, Canada

Kathmandu has been described as the “enteric fever capital of the world”, 
but there are few data on the burden of enteric fever in rural areas of 
Nepal. We reviewed data on reported enteric fever cases from the Health 
Management Information System from 1995-2014. We performed a 
prospective study at four facilities (3 rural, 1 peri-urban), recruiting patients 
>1 year of age presenting for care who reported fever for >3 days. We 
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administered a structured questionnaire and obtained blood for culture. 
Annual enteric fever cases reported in the public sector increased from 
85,137 cases in 1995-1996 to 499,761 cases in 2013-2014 (587% 
increase), when 2.0% of the country’s population was diagnosed with 
enteric fever in the formal sector alone, and enteric fever was the most 
common diagnosis cited for hospitalization. Total outpatient visits rose 
significantly during this period, but enteric fever cases rose 40% more. 
From July 2013-March, 2015, we enrolled 1,776 patients with acute 
febrile illnesses; enteric fever was the most common clinical diagnosis 
at all sites. Overall, 1.9% (34) of participants had typhoidal Salmonella 
recovered from blood (rural: 0.4%; peri-urban: 2.4%). All but one of 
the Salmonella isolates had intermediate susceptibility or resistance to 
Ciprofloxacin. Enteric fever is commonly diagnosed in rural Nepal, with 
annual diagnosis rates that exceed incidence rates reported from high 
burden, urban settings. By contrast, the prevalence of culture-confirmed 
typhoid among febrile patients at rural sites was <1%. Even assuming 
a low sensitivity of blood cultures of 40%, our results suggest that the 
vast majority of individuals in rural Nepal who are clinically diagnosed 
and treated for enteric fever do not actually have that illness. Additional 
analyses of collected samples is on-going. Geographically representative 
laboratory surveillance for typhoid and other acute febrile illness are 
needed to inform antibiotic use in rural areas.

1199
TYPHOID FEVER IN YOUNG CHILDREN IN BANGLADESH: 
CLINICAL FINDINGS, ANTIBIOTIC SUSCEPTIBILITY PATTERN 
AND IMMUNE RESPONSES

Farhana Khanam1, Abu Sayeed1, Feroza Kaneez Choudhury1, 
Edward T. Ryan2, Firdausi Qadri1
1International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, 
Bangladesh, 2Department of Immunology and Infectious Diseases, Harvard 
School of Public Health, Boston, MA, United States

Typhoid fever caused by Salmonella enterica serotype Typhi (S. Typhi) is 
a potentially life-threatening systemic disease. High prevalence rates of 
typhoid fever have been reported in resource-limited regions of the world, 
with children under 5 years of age bearing a large burden. However, 
immune responses and clinical findings in children are not well defined. 
We describe clinical and immunological characteristics of young children 
with typhoid fever and antimicrobial susceptibility patterns. Previously 
we characterized antibody-in-lymphocyte secretion responses (TPTest) 
during acute typhoid fever in adults and also measured the membrane 
preparation (MP) IgA responses in young children at day of enrolment, 
and then 7-10 days and 21-28 days later. We also assessed plasma IgA, 
IgG and IgM responses, and T cell proliferation responses to MP antigen. 
We compared the responses in young children (1-5 years) with those 
seen in older children (6-17 years), adults (18-59 years), and age-matched 
healthy controls. We found that, the patients in all age cohorts had 
significantly higher MP-IgA responses in lymphocyte secretion at clinical 
presentation compared to age-matched controls, and the values fell in 
all groups by late convalescent stage. Similarly, plasma IgA responses 
in patients were elevated at presentation compared to controls, with 
acute and convalescent IgA and IgG responses being highest in adults. 
T cell proliferative responses were increased in all age cohorts by late 
convalescence. In all age cohorts clinical characteristics were similar, 
although younger children were more likely to present with loss of 
appetite, less likely to complain of headache compared to older cohorts, 
and adults were more likely to have ingested antibiotics. Multi-drug 
resistant strains were present in approximately 15% of each age cohort, 
and 97% strains had resistance to nalidixic acid. This study demonstrates 
that S. Typhi bacteremia is associated with comparable clinical courses, 
immunologic responses in various age cohorts, including in young children, 
and that TPTest can be used as marker of recent typhoid fever, even in 
young children.

1200
COMPARISON OF THE PERFORMANCE OF THE TPTEST, 
TYPHIDOT AND TUBEX IMMUNODIAGNOSTIC ASSAYS 
IN DETECTING PATIENTS WITH ENTERIC FEVER IN 
BANGLADESH, INCLUDING LATENT CLASS MODELING

Kamrul Islam1, Emran Hossen1, Md Abu Sayeed1, Jason 
Andrews2, Farhana Khanam1, Edward T. Ryan3, Firdausi Qadri1
1Centre for Vaccine Sciences, International Centre For Diarrhoeal Disease 
Research, Bangladesh, Dhaka, Bangladesh, 2Division of Infectious 
Diseases and Geographic Medicine, Stanford University School of 
Medicine, Stanford, CA, United States, 3Division of Infectious Diseases, 
Massachusetts General Hospital, Department of Medicine, Harvard 
Medical School, Boston, MA, United States

Enteric fever caused by Salmonella enterica serotype Typhi (S. Typhi) and 
serotype Paratyphi are important public health problems in Bangladesh. 
Previously, we developed and evaluated a diagnostic method for typhoid 
and paratyphoid fever (TPTest) and found highly sensitive and specific. 
In this study, we compare the TPTest with Tubex and Typhidot in our 
setting. For analysis, we categorized 92 patients into four groups: S. Typhi 
bactermic patients (n=28); patients with fourfold change in Widal test 
from day 0 to convalescent period (n=7); patients with Widal titer ≥1:320 
(n=13); patients suspected enteric fever, but with negative blood culture 
and Widal titer (n=44). We also tested healthy controls (n=20) and other 
febrile illness patients (n=15) (kala-azar and tuberculosis). Out of 28 S. 
Typhi bacteremic patients, 28 (100%), 21 (75%) and 18 (64%) patients 
were positive by TPTest, Tubex and Typhidot respectively. For the four-fold 
change of Widal titre, the TPTest, tubex and typhidot were positive in 7 
(100%), 6 (86%), 5 (71%) respectively. For patients with Widal ≥1:320, 
the TPTest, Tubex and Typhidot were positive for 9 (69%), 5 (38%), 3 
(23%). The TPTest method was negative for all healthy controls whereas 
Tubex and Typhidot were positive for 3 (15%) and 5 (25%) respectively. 
For other febrile illnesses, TPTest, tubex and typhidot were negative 
for 14 (93.3%), 14 (93.3%), and 13 (86.7%) respectively. Among 44 
patients who were negative by blood culture and Widal test, but clinically 
diagnosed as enteric fever, 24, 09 and 15 were positive by TPTest, Tubex 
and Typhidot respectively. In latent class model in which sensitivity and 
specificity of all diagnostics were estimated simultaneously, the sensitivity 
of TPTest was estimated at 96.0% (95% CI: 87.1%-99.8%), Tubex was 
60.2% (95% CI: 49.3%-71.2%), and Typhidot was 59.6% (95% CI: 
50.1%-69.3%). Specificity was estimated at 96.6% (90.7%-99.2%) for 
TPTest, 89.9% (79.6%-96.8%) for Tubex, and 80.0% (67.7%-89.7%) 
for Typhidot. These results suggest that the TPTest is highly sensitive and 
specific in diagnosis of enteric fever in endemic regions like Bangladesh 
compared to tubex and typhidot assays.

1201
A NOVEL HUMAN MODEL OF SALMONELLA ENTERICA 
SEROVAR PARATYPHI A CHALLENGE IN HEALTHY ADULT 
VOLUNTEERS

Brian J. Angus1, Hazel Dobinson2, Helena Thomaides-Brears2, 
Claire Jones2, Danielle Campbell2, Merryn Voysey3, Simon 
Kerridge2, Laura B. Martin4, Odile Leroy5, Flavia Dalessio5, Andrew 
J. Pollard2

1Nuffield Department of Medicine, University of Oxford, Oxford, United 
Kingdom, 2Oxford Vaccine Group, Department of Paediatrics, University of 
Oxford and the NIHR Oxford Biomedical Research Centre, Oxford, United 
Kingdom, 3Primary Care Clinical Trials Unit, Nuffield Department of Primary 
Care Health Sciences; Oxford Vaccine Group, Department of Paediatrics, 
University of Oxford and the NIHR Oxford Biomedical Research Centre, 
Oxford, United Kingdom, 4Novartis Vaccines Institute for Global Health, 
Siena, Italy, 5European Vaccine Initiative, Heidelberg, Germany

A new human paratyphoid challenge model provides an opportunity to 
gain insight into the immunobiology of this little studied cause of enteric 
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fever . A dose (de-)escalation oral challenge study with S. Paratyphi A 
(NVGH308 strain) was conducted in 40 healthy adult volunteers. Following 
ingestion of bicarbonate buffer solution to neutralise gastric acid, 
participants ingested either 103 (n=20) or 800 (n=20) CFU of S. Paratyphi 
A. Successful infection was defined by positive blood culture and/or fever 
≥ 38°C for at least 12 hours. Antimicrobial treatment was commenced on 
diagnosis or 14 days after challenge. The 103 CFU oral challenge dose was 
associated with a higher attack rate (60% vs. 40%), shorter incubation 
period (median 6 vs. 8 days), longer duration of bacteraemia (mean, 4 
vs. 3 days; range, 1-7 vs 1-6 days) and higher fever rate amongst those 
developing enteric fever (7/12 vs. 2/8). Fever correlated with symptoms 
(mean, 32 solicited symptoms per participant with fever ≥38°C vs. 8 in 
those who were bacteraemic without fever), with headache and general 
malaise most commonly reported. Preliminary serological data after 
challenge with the 103 CFU dose confirms that those participants who 
developed paratyphoid have raised IgM, IgA and IgG antibody responses 
against LPS by day 28 after challenge. An attack rate between 60% and 
75% rate in an antigen-naïve cohort is attained at a dose of 103 CFU of S. 
Paratyphi A, providing a model for study of novel paratyphoid vaccines.

1202
A MAGNETO-DNA NANOPARTICLE SYSTEM FOR THE RAPID 
DIAGNOSIS OF ENTERIC FEVER

Richelle C. Charles1, Kisoo Park1, Hyun J. Chung1, Farhana 
Khanam1, Hakho Lee1, Rasheduzzaman Rashu2, Stephen B. 
Calderwood1, Firdausi Qadri2, Ralph Weisleder1, Edward T. Ryan1

1Massachusetts General Hospital, Boston, MA, United States, 2International 
Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh

There is currently no optimal assay for diagnosing patients with acute 
typhoid or paratyphoid fever. Amplification techniques that target bacterial 
genomic nucleic acids have been limited due to the low bacterial burden 
present in peripheral blood. Alternative approaches for typhoid diagnostic 
assays are needed. We have previously described the gene expression 
profile of Salmonella enterica serovars Typhi and Paratyphi A in the blood 
of infected humans in Bangladesh. Using this information, we designed 
primer pairs for S. Typhi and S. Paratyphi A genes expressed at high levels 
in the blood of infected humans. We selected genes that were specific for 
S. Typhi (staG) and S. Paratyphi A (hsdR and SPA2472), and we designed 
primer pairs for conserved genes specific to Salmonella spp. (sopB and 
sipC). To evaluate this approach, we first produced cDNA from mid-log in 
vitro cultures of S. Typhi, S. Paratyphi A, S. Typhimurium, and E. coli. Using 
asymmetric amplification, we detected target products for all 3 Salmonella 
serovars, but no amplification product was observed from E. coli samples. 
We detected amplified target cDNA using novel magneto-DNA probes 
and a miniaturized nuclear magnetic resonance device. The detection limit 
of this assay was 0.01-1.0 CFU/ml. For proof of principle, we extracted 
total RNA from a 500 mcl blood sample from 3 patients bacteremic with 
S. Typhi in Bangladesh, and we were able to detect amplified target cDNA 
in 3 out of 3 samples using the hand-held nuclear magnetic resonance 
device. Our results suggest that a magneto-DNA nanoparticle system may 
be a promising platform for the rapid and culture-free diagnosis of enteric 
fever and non-typhoidal Salmonella bacteremia.

1203
DIARRHEA ASSOCIATED WITH SHIGELLA IN CHILDREN 
UNDER FIVE YEARS AND SUSCEPTIBILITY TO 
ANTIMICROBIALS IN RURAL WESTERN KENYA, 2008-2012: 
THE GLOBAL ENTERIC MULTICENTER STUDY (GEMS)

Richard Omore1, Ciara E. O’Reilly2, John Williamson3, Nygren L. 
Benjamin2, Fenny Moke1, John B. Ochieng1, Jane Juma1, Joseph 
Oundo3, Barry Fields3, Joel M. Montgomery3, Michele B. Parsons2, 
Tamer H. Farag4, Karen L. Kotloff4, James P. Nataro5, Myron M. 
Levine4, Kayla F. Laserson3, Pekka J. Nuorti6, Eric D. Mintz2, Robert 
F. Breiman7

1Kenya Medical Research Institute-Centre for Global Health Research, 
Kisumu, Kenya, 2Division of Foodborne, Waterborne and Environmental 
Diseases, Centers for Disease Control and Prevention, Atlanta, GA, United 
States, 3Global Disease Detection Division, Kenya Office of the Centers for 
Disease Control and Prevention, Nairobi, Kenya, 4University of Maryland, 
School of Medicine, Center for Vaccine Development, Baltimore, MD, 
United States, 5Department of Pediatrics, University of Virginia School of 
Medicine, Charlottesville, VA, United States, 6University of Tampere School 
of Health Sciences, Tampere, Finland, 7Global Health Institute, Emory 
University, Atlanta, GA, United States

We examined clinical features, risk factors and antimicrobial susceptibility 
of Shigella among children with moderate-to-severe diarrhea (MSD) 
in rural western Kenya using prospective, hospital-based surveillance. 
MSD case was defined as a child aged 0-59 months, passing ≥3 loose 
stools in the previous 24 hrs. with ≥1 of the following: sunken eyes, skin 
tenting, dysentery, IV rehydration, or hospitalization within 7 days of 
diarrhea onset. Bacterial pathogens identified in stool were tested against 
commonly used antibiotics by Kirby-Bauer disk diffusion. Characteristics 
of Shigella- infected vs. non-infected MSD cases were compared using 
unconditional logistic regression. From January 2008-September 2012, 
130 (7.3%) of 1,778 specimens collected from MSD cases tested positive 
for Shigella, including 80 S. flexneri (61.5%), 24 S. sonnei (18.5%), 
20 S.dysenteriae (15.4%), and 6 S. boydii (4.6%). The median age of 
Shigella- infected vs. non-infected patients was 19.5 (IQR: 10.0-34.0) 
versus 12.0 (IQR: 7.0-23.0) months (P <0.0001). Compared to non-
infected patients, those with Shigella were more likely to be 24-59 
months old (40.8% vs. 24.6%, %) (odds ratio [OR] 2.45; 95% confidence 
interval [CI] 1.61-3.74]) and experience blood in stool (39.5% vs. 8.8%, 
([OR 6.77, 95% CI 4.58-10.02]); they were less likely to vomit ≥ 3 
times/24hrs (31.5% vs. 49.6%; OR 0.47, 95% CI 0.32-0.69). Isolates 
were susceptible to in decreasing order: ceftriaxone (99.2%), gentamicin 
(98.4%), ciprofloxacin (98.4%), chloramphenicol (56.9%) 51.2%, 
amoxicillin-clavulanic acid (51.2%), ampicillin (37.4%) and tetracycline 
(14.6%). In conclusion, Shigella was most prevalent among the older 
range of under-five children with MSD, and was significantly associated 
with bloody diarrhea; S. flexneri was the most prevalent species. 
Although Shigella isolates were largely susceptible to ciprofloxacin 
and ceftriaxone, reduced susceptibility to many of the inexpensive and 
commonly used antimicrobials in this setting limits therapeutic options, 
increasing the economic burden and risk of treatment failure for 
shigellosis.

1204
DEVELOPMENT OF A LIVE ATTENUATED ORAL VACCINE 
AGAINST SHIGELLOSIS AND TYPHOID FEVER

Yun Wu1, B. Kim Lee Sim1, Sumana Chakravarty2, Minglin Li1, Tint 
Tint Wai1, Dennis J. Kopecko1, Stephen L. Hoffman2

1Protein Potential LLC, Rockville, MD, United States, 2Sanaria Inc, Rockville, 
MD, United States

There are more than 125 million cases of shigellosis globally; with an 
estimated ~450,000 cases in United States every year. 72% of the US 
cases are caused by Shigella sonnei, and antibiotic-resistant S. sonnei 
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is on the rise. Our goal is to address several significant vaccine challenges 
simultaneously: 1) The lack of a licensed vaccine for prevention of 
morbidity and mortality due to shigellosis; 2) The need for a multivalent 
vaccine that will simultaneously protect against multiple disease agents, 
and 3) The need for an easy-to-administer, child-friendly, safe, oral vaccine 
vector platform for administration of multiple foreign immunogens that 
generates long term efficacy following a rapid immunization regimen and 
can be distributed without the need for refrigeration. We have exploited 
the extensive safety record of the live, oral, attenuated Salmonella 
Typhi vaccine (Ty21a) by utilizing it as a vector to develop a safe, stable, 
easily administered combination oral vaccine that will simultaneously 
protect against shigellosis and typhoid fever. As a first step, we have 
recombineered the S. sonnei (Ss) form 1 O antigen gene cluster into the 
Ty21a chromosome to create Ty21a-Ss, which stably expresses S. sonnei 
O antigen for up to 100 generations. A fully characterized seedbank 
was used to immunize mice either intraperitoneally or through mucosal 
route. Mice immunized with Ty21a-Ss produced high levels of serum IgG 
antibodies against both S. sonnei (53G) and S. Typhi. In contrast, mice 
immunized with Ty21a only produced comparable antibodies against S. 
Typhi but not S. sonnei. The titers against S. sonnei are higher than that 
from a previously published S. sonnei LPS-based vaccine that protected 
guinea pigs from S. sonnei infection. We are currently assessing the 
protective efficacy of Ty21a-Ss by a mucosal challenge with lethal S. 
sonnei infection. Our work provides the foundation for construction of 
a multivalent anti-shigellosis vaccine that will protect against more than 
85% of shigellosis worldwide and against typhoid fever.

1205
RAPID REORGANIZATION OF THE PARASITE PLASMA 
MEMBRANE INDUCED BY NEW CLASSES OF ANTIMALARIAL 
DRUGS THAT DISRUPT NA+ HOMEOSTASIS

Sudipta Das1, Suyash Bhatnagar1, Joanne M. Morrisey1, Isabelle 
Coppens2, Akhil B Vaidya1

1Drexel University, Philadelphia, PA, United States, 2Bloomberg School of 
Public Health, Johns Hopkins University, Baltimore, MD, United States

An international collaborative effort has identified pyrazoleamide (PA) 
class of compounds with highly potent activity against malaria parasites, 
leading to the designation of PA21A092 as a preclinical antimalarial 
candidate. Our investigations suggest the PA compounds and another 
recently developed antimalarial, spiroindolone (KAE609), target a common 
vulnerable pathway. These compounds rapidly and potently disrupted 
Na+ homeostasis in Plasmodium falciparum. We are investigating 
consequences of Na+ homeostasis disruptions by these compounds 
using a variety of approaches. Live cell imaging revealed significant 
increase in intraerythrocytic parasite volume within a 2 h exposure to PA 
and other compounds. Furthermore, exposures to several compounds 
with distinct chemical structures (but all with the ability to disrupt Na+ 
homeostasis) result in rapid parasite plasma membrane reorganization 
as indicated by the acquisition of saponin-sensitivity assessed as leakage 
of cytosolic proteins following mild saponin treatment. Experiments 
involving methyl-beta-cyclodextrin mediated cholesterol extraction of 
freed parasites suggest that the treatment with PA compounds results in 
rapid cholesterol incorporation into the (usually cholesterol-poor) plasma 
membrane of the trophozoite stages. Electron microscopy also suggests 
that these compounds cause a rapid reorganization of the parasite 
plasma membrane. These and other observations suggest that this series 
of compounds are prematurely initiating a cascade of events generally 
associated with the egress of parasites at the last phase of schizogony. We 
hypotheize that such changes contribute to a rapid clearance of infected 
RBCs from the circulation in vivo

1206
THE PHENYLALANYL-TRNA SYNTHETASE IS A DRUGGABLE 
TARGET IN PLASMODIUM FALCIPARUM

Tomoyo Sakata-Kato1, Nobutaka Kato2, Eamon Comer2, Amanda 
K. Lukens2, Victoria C. Corey3, Elizabeth A. Winzeler3, Christina A. 
Scherer2, Stuart L. Schreiber2, Dyann F. Wirth1

1Harvard T. H. Chan School of Public Health, Boston, MA, United States, 
2The Broad Institute, Cambridge, MA, United States, 3University of 
California San Diego School of Medicine, La Jolla, CA, United States

Sustained availability of efficacious drugs is essential for worldwide efforts 
to eradicate malaria. The emergence and spread of drug resistance to 
current antimalarial therapies remains a pressing concern with reports 
of artemisinin-based treatment failures escalating the need for novel 
antimalarial chemotherapies. Thus the discovery of novel druggable targets 
and pathways including those that are critical for multiple life stages is 
a major challenge for the development of next-generation therapeutics. 
Using an integrated chemogenomic approach combining screening efforts 
of a Diversity Oriented Synthesis (DOS) library, drug-resistance selection, 
and whole genome sequencing, we have identified the Plasmodium 
falciparum cytoplasmic phenylalanine-tRNA synthetase (PfcPheRS) as the 
target of a novel antimalarial candidate, BRD3444. The DOS library aims 
to cover chemical space extending beyond the common confinements 
set by “drug-like” parameters, which is characteristic for traditional 
pharmaceutical libraries and limits the diversity of represented compounds. 
The additional structural complexity exploited by the DOS library allows 
us to probe novel pathways and targets in the parasite, as exemplified 
by BRD3444. Aminoacyl-tRNA synthetases (aaRSs) are validated targets 
in several microorganisms and have more recently been proposed as 
attractive targets for chemotherapeutic intervention in malaria. Our work 
identifies PheRS as a druggable target in Plasmodium and provides a path 
forward to next-generation antimalarials.

1207
A DOSE RANGING CLINICAL TRIAL TO EVALUATE THE 
PHARMACOKINETICS AND PHARMACODYNAMICS OF THE 
COMBINATION OF DSM265 AND OZ439 IN A PLASMODIUM 
FALCIPARUM INDUCED BLOOD STAGE MALARIA SYSTEM

James S. McCarthy1, Paul M. Griffin1, Silvana Sekuloski1, Suzanne 
M. Elliott2, Louise Marquart1, Kerenaftali Klein1, Stephan Chalon3, 
Nathalie Gobeau3, Jörg Möhrle3

1QIMR Berghofer Medical Research Institute, Brisbane, Australia, 2Q-Pharm 
Pty Ltd, Brisbane, Australia, 3Medicines for Malaria Venture, Geneva, 
Switzerland

WHO recommends that Plasmodium falciparum malaria be treated using 
a combination of two drugs with complementary pharmacokinetic and 
pharmacodynamics properties as well as targeting different biochemical 
pathways in the parasite to optimise cure and prevent resistance. In 
the past, drug and dose selection of the combination therapy has been 
empirical and, in general, formal dose finding was not conducted. As a 
consequence, therapies were not necessarily optimized, thereby risking 
suboptimal clinical efficacy, selection of resistance, unexpected toxicities, 
promotion of gametocytemia, and un-necessary cost of goods. For the 
development of novel antimalarial combination therapies, new approaches 
for dose finding and selection of partners are therefore required. Recently, 
the Induced Blood Stage Malaria (IBSM) human challenge model has been 
validated using approved antimalarials, and used to characterise new 
chemical entities (NCE) as single agents. We have investigated for the 
first time the combination of two NCE, OZ439 and DSM265 in the IBSM 
model. The study was designed as adaptive approach, using sequential 
cohorts each of 8 healthy subjects. Participants in the first cohort were 
treated with OZ439 and DSM265, administered as single oral doses of 200 
mg and 100 mg respectively. No significant pharmacokinetic interactions 
or adverse effects were observed. In contrast to the outcome of a previous 
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study where OZ439 was used in IBSM in an identical dose, clearance of 
parasitemia was observed. However, 4/8 subjects experienced recrudescent 
parasitemia between 11 and 21 days after treatment. The mean Minimal 
Inhibitory Concentrations at this dose level were 0.3 ng/ml and 573 ng/
ml for OZ439 and DSM265 respectively. The study is still ongoing, with 
data from subsequent cohorts to be presented. However, these preliminary 
results show that the OZ439 / DSM265 combination shows promise 
for future development, and suggest that the IBSM model is suitable 
for documenting the pharmacokinetics and pharmacodynamics of the 
combination of antimalarials under development.

1208
A PHASE 2, RANDOMIZED, CONTROLLED, DOSE-
ADAPTIVE TRIAL OF PRIMAQUINE IN COMBINATION 
WITH DIHYDROARTEMISININ-PIPERAQUINE TO REDUCE 
TRANSMISSION OF PLASMODIUM FALCIPARUM MALARIA IN 
MALI

Alassane Dicko1, Joelle Brown2, Halimatou Diawara1, Harouna 
Soumare1, Almahamoudou Mahamar1, Ibrahim Baber1, Koualy 
Sanogo1, Fanta Koita1, Ingrid Chen2, Eugenie Poirot2, Helmi Pett3, 
Francois Nosten4, Teun Bousema5, Roly Gosling2

1Malaria Research and Training Center, Bamako, Mali, 2University of 
California San Francisco, San Francisco, CA, United States, 3Helsinki 
University, Helsinki, Finland, 4Shoklo Malaria Research Unit, Bangkok, 
Thailand, 5Radboud University Nijmegen, Nijmegen, Netherlands

Despite considerable progress in malaria control, tools that specifically 
prevent malaria transmission are needed to achieve malaria elimination 
in the majority of African settings. Primaquine (PQ), when added 
to artemisinin combination therapy, may radically prevent malaria 
transmission to mosquitoes. High doses of PQ (0.75 mg/kg) have been 
associated with hemolysis. We determined the safety and efficacy of 
single-low dose (SLD) PQ. Between September 2013-December 2015, we 
conducted a phase 2, randomized, double-blind, controlled, dose-adaptive 
study of SLD PQ among 81 G6PD non-deficient males in Mali infected 
with uncomplicated Plasmodium falciparum malaria. Microscopy positive 
gametocyte carriers were treated with dihydroartemisinin-piperaquine 
(DP) and allocated 0.5, 0.25, 0.125, 0.0625 and 0 mg/kg primaquine. 
The primary outcome was percent change in mosquito infectivity at Day 
2 following primaquine treatment. Mosquito infectivity was assessed 
through membrane-feeding assays at enrolment and days 2 and 7 
following treatment; gametocyte carriage was quantified by Pfs25 mRNA 
quantitative reverse transcriptase PCR (qRT-PCR). Safety endpoints included 
the average within-person change in hemoglobin concentration and 
adverse events (AE) during follow-up. We found large and statistically 
significant reductions in mosquito infectivity following treatment with PQ 
doses ranging from 0.25 mg/kg to 0.5 mg/kg primaquine, compared to 
controls. Participants taking 0.25 mg/kg PQ experienced a 93% reduction 
in infectivity at Day 2 (vs. 11% reduction in controls, P<0.01) and a 93% 
reduction in infectivity at Day 7 (vs. 45% reduction in controls, P=0.01). 
Compared to DP, qRT-PCR gametocyte carriage was significantly reduced 
in all PQ arms and lowest in the 0.5mg/kg PQ arm. We did not find 
meaningful or statistically significant drops in hemoglobin in any group 
during follow-up. AE occurrence was not associated with PQ treatment 
group (P=0.34). SLD PQ, given in conjunction with DP, appears to be safe 
and efficacious for the prevention of malaria transmission in G6PD non-
deficient populations.

1209
DRUG-DRUG INTERACTION STUDY OF TAFENOQUINE AND 
THE ACTS DIHYDROARTEMISININ-PIPERAQUINE (DHA-PQP) 
AND ARTEMETHER-LUMEFANTRINE (AL)

Justin A. Green1, Khadeeja Mohamed1, Navin Goyal2, Allen 
Wolstenholm2, Maxine Taylor3, Renata Buckley1, Sion Jones1, Azra 
Husseini4, Alex Papangelou4, Ivan Kostov4, Gavin C. Koh1, Stephan 
Duparc5
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Tafenoquine (TQ) is an 8-aminoquinoline (8-AQ) in development as a 
single dose treatment for the radical cure of Plasmodium vivax malaria. 
Tafenoquine is being co-administered with chloroquine to kill the blood 
stages of P. vivax during phase 3 registrational studies. However, 
artemisinin combination therapies (ACTs) may also be used in combination 
with 8-AQs to achieve radical cure. Recognizing the recommendation in 
some national treatment guidelines to use ACTs as first line treatment 
for P. vivax malaria, a better understanding of potential drug-drug 
interactions (DDI) is required. We have therefore undertaken a DDI 
study (200951, NCT02184637) of TQ co-dosed with dihydroartemisinin-
piperaquine (DHA-PQP) or artemether-lumefantrine (AL). This 5-cohort, 
randomized, open-label, parallel-group study recruited a total of 120 
glucose-6-phosphate dehydrogenase (G6PD) phenotypically non-deficient 
healthy volunteers equally into each cohort. The co-primary objectives 
of this study were to characterize both the effects of a 300mg single 
dose of TQ on the pharmacokinetics (PK; using changes in AUC(0-t), 
AUC(0-∞), and Cmax as endpoints) of each of the two ACTs and their 
major metabolites when co-administered according to their prescribed 
dose as well as the effects of the ACTs on the PK of TQ. Key secondary 
objectives included documenting frequency of adverse events, changes 
in haemoglobin (in particular related to genetic G6PD deficiency status) 
and characterizing QTcF changes by analysing maximum change from 
baseline in all cohorts and for subjects who receive DHA-PQP, a measure 
of the change from baseline versus 4-hours post-third dose. Headline PK 
and safety data from this study will be presented and implications for co-
administration of ACTs and TQ will be discussed.

1210
INTERMITTENT PREVENTIVE TREATMENT OF MALARIA 
IN HIV-UNINFECTED PREGNANT WOMEN WITH 
DIHYDROARTEMISININ-PIPERAQUINE: A DOUBLE BLINDED 
RANDOMIZED CONTROLLED TRIAL

Abel Kakuru1, Mary Muhindo1, Paul Natureeba1, Patricia Awori1, 
Miriam Nakalembe2, Deborah Cohan3, Theodore Ruel3, Tamara 
D. Clark3, Edwin Charlebois3, Margaret E. Feeney3, Prasanna 
Jagannathan3, Diane Havlir3, Moses R. Kamya2, Grant Dorsey3

1Infectious Diseases Research Collaboration, Tororo, Uganda, 2Makerere 
University College of Health Sciences, Kampala, Uganda, 3University of 
California San Francisco, San Francisco, CA, United States

Intermittent preventive treatment with sulfadoxine pyrimethamine 
(SP) remains one of the primary interventions for the prevention of 
malaria in HIV-uninfected pregnant women in Africa. However with the 
spread of antifolate resistance, new interventions for the prevention of 
malaria in pregnancy are urgently needed. We are conducting a double 
blinded randomized controlled trial comparing 3 dose SP vs. 3 dose 
dihydroartemisinin (DP) vs. monthly DP in HIV-uninfected pregnant women 
living in Tororo district, Uganda, a high malaria transmission setting. 
Between June-October 2014, 300 women were enrolled at 12-20 weeks 
of gestation based on ultrasound dating, given a long lasting insecticide 
treated net, and randomized to therapy. Participants are being followed 
up in a dedicated study clinic for all their medical care and encouraged to 
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deliver at the hospital adjacent to the study clinic. The primary outcome is 
risk of placental malaria by histopathology. Secondary outcomes included 
other measures of malaria during pregnancy and delivery, adverse events 
and birth outcomes. As of 28th February 2015, 195 women had delivered 
and 9 women were prematurely withdrawn before delivery. Malaria 
incidence during pregnancy was 1.88 and 0.45 episodes per person year 
before and after starting study drugs, respectively. Of the 195 deliveries, 
3 (1.5%) were spontaneous abortions 2 (1.0%) were stillbirths, 4 (2.1%) 
had congenital anomalies, 22 (11.2%) were preterm deliveries, and 31 
(16.3%) were low birth weight. The risk of placental malaria was 40.7% 
by histopathology and 3.7% by placental blood smear. During follow-up, a 
total of 27 grade 3 or 4 adverse events occurred, of which 15 were due to 
anemia. It is anticipated that all women will have delivered by May 2015 
and that the final un-blinded results of the trial will be presented at the 
meeting.

1211
IMPACT OF THE NUTRITIONAL STATUS ON ARTEMETHER-
LUMEFANTRINE EFFICACY IN UNCOMPLICATED FALCIPARUM 
MALARIA IN CHILDREN IN MALI

Cheick P. Sangare1, Aminata Fofana2, Aboubacrine Haidara1, 
Kadidiatou Haidara2, Hamidou Niangaly1, Mamadou Tekete1, 
Nadine Coulibaly3, Jean Bosco Ouedraogo3, Ogobara K. Doumbo1, 
Abdoulaye Djimde1

1Malaria Research and Training Center, Bamako, Mali, 2Laboratoire 
National de la Sante, Bamako, Bamako, Mali, 3Institut de Recherche en 
Sciences de la Sante, Bobo-Dioulasso, Burkina Faso

The aim of this study was to evaluate the impact of nutritional status 
on the Artemether-Lumefantrine (AL) efficacy in children under 5 years 
on 42 days. From July 2014 to December 2014 during a prospective 
longitudinal study in children with uncomplicated malaria aged 6 to 59 
months, we measured the efficacy of AL on falciparum malaria in Faladje 
in Mali. Anthropometric measures (malnourished, z-score < -2 SD, and 
non-malnourished, z-score:-1 and -2 SD) and body mass index (BMI) based 
on NIH WHO Guidelines for girls and boys were used and AL efficacy was 
compared between the various nutritional statuses. Deuterium was used as 
a tracer to estimate body composition using three saliva samples collected 
pre-dose (H0 before treatment), post-dose1 (at 3 hours) and post-dose 2 
(at 4 hours). The percentage of body fat was determined using a Fourier 
transform infrared spectrophotometer (FTIR). Cases of severe malnutrition 
were not included in this study. 151 children were included with a rate 
of lost to follow-up of 1%. Without molecular correction we found that 
rates of early treatment failures were 0%, late clinical failures were 18.% 
and late parasitological failures were 36.1% and raw adequate clinical 
and parasitological response were 45.8%. Anthropometric measures 
showed 11% (n=17) of emaciation, 18% (n=27) of underweight and 14% 
(n=21) of chronic malnutrition. AL efficacy by 42 days was comparable 
in malnourished and non-malnourished children. Salives analysis on 
104 subjects revealed that 16.35% (n = 17) were malnourished against 
83.65% (n = 87) for non malnourished. According to body composition, 
the efficacy of A L by 42 days of follow-up was comparable in the two 
groups. Molecular correction of treatment efficacy is underway. Conclusion 
: Without molecular correction, the AL efficacy was not impacted by mild-
malnutrition status.

1212
HAITI 2012 NATIONAL COMMUNITY SURVEY: MALARIA 
PREVALENCE IS LOW WITH A NOTABLE PROPORTION OF 
ASYMPTOMATIC CASES

Kimberly E. Mace1, Eric Rogier1, Samuel E. Jean2, Ito Journel3, 
Alexandre Existe3, Michelle Chang1, John W. Barnwell1, 
Venkatachalam Udhayakumar1, Jean Frantz Lemoine4
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States, 2Population Services International/OHMaSS, Port au Prince, Haiti, 
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de la Population, Port au Prince, Haiti, 4Programme National de Contrôle 
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Haiti intends to eliminate malaria by 2020 and its low level of transmission 
is most recently evidenced from a community survey conducted in 2011 
which showed that the national parasitemia prevalence was <1%, even 
by sensitive polymerase chain reaction (PCR). In December 2012, during 
the expected high transmission season, the survey was repeated after 
implementation of new treatment guidelines and a bed net campaign 
earlier that year. This survey employed a cross-sectional, two-stage cluster 
survey design, where enumeration areas (EAs) were selected with a 
probability proportional to size and 20 households (HHs) within EAs were 
systematically selected. Questionnaires were conducted and HH members 
of all ages were tested for malaria by rapid diagnostic tests (RDTs), expert 
microscopy, PCR, and serology (presented separately). Sixty-two EAs were 
sampled and 7,607 persons surveyed. Some participants did not consent 
to provide specimens for all procedures. RDTs were performed for 6,365 
persons, and 84 (1.3%) were positive. A total of 5,001 blood slides were 
read by a reference lab, and 3 (0.06%) were positive. Dried blood spots 
(DBS) were provided by 5,511 persons; photo-induced electron transfer 
(PET)-PCR found 17 (0.3%) positive for Plasmodium genus. Nested PCR 
confirmed 14 Plasmodium falciparum (Pf), two P. malariae (Pm), and 
one mixed Pf and Pm infections. PCR confirmed two of three positive 
microscopy results and one RDT, although 32 positive RDTs could not 
be tested by PCR. The median age of those with a positive test was 
13.5 years; range <1 to 71 years. For those with any positive test, fever 
was reported in the prior two weeks for four of 100 persons. In low 
transmission settings, discordance among tests is likely. These results 
confirm the low-transmission setting for Haiti and demonstrate that almost 
all parasitemia was asymptomatic. Additionally, inclusion of more sensitive 
serological methods and applying a sub-national, sampling strategy will be 
essential for characterizing transmission hotspots.

1213
CHARACTERIZING TYPES OF HUMAN MOBILITY TO INFORM 
DIFFERENTIAL AND TARGETED MALARIA ELIMINATION 
STRATEGIES IN NORTHEAST CAMBODIA

Koen Peeters Grietens1, Charlotte Gryseels1, Susan Dierickx1, 
Sambunny Uk2, Rene Gerrets3, Sarah Hoibak4, Joan Muela Ribera5, 
Susanna Hausmann-Muela5, Sochantha Tho2, Lies Durnez1, 
Vincent Sluydts1, Umberto d’Alessandro6, Marc Coosemans1, 
Annette Erhart1

1Institute of Tropical Medicine, Antwerp, Belgium, 2National Center for 
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3Amsterdam Institute of Social Science Research, Amsterdam, Netherlands, 
4The Global Fund, Geneva, Switzerland, 5PASS International, Tessenderlo, 
Belgium, 6London School of Hygiene & Tropical Medicine, London, United 
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Population mobility has been identified as a major challenge for malaria 
elimination in the Greater Mekong Subregion. Given the large sociocultural 
differences between various types of mobile populations, the aim of this 
study was to characterize different types of mobility in relation to malaria 
vulnerability. The study was conducted in Ratanakiri Province, Cambodia. 
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A parallel mixed-methods study design was used, combining qualitative 
ethnographic research (n=410 interviews, participant observation) and 
quantitative surveys. Different surveys were used to quantify malaria 
vulnerability among different types of mobile populations and in relation 
to malaria control measures (n=824 Indigenous Population Survey; n=704 
Khmer Migrant Population Survey; n=4996 Indigenous Malariometric 
Survey). Different structural types of human mobility were found with 
differential risk and vulnerability towards malaria. Among the indigenous 
population, although access to malaria testing and treatment through 
village malaria workers and LLIN coverage was high, control strategies 
fail to take into account farmers’ residence system, entailing overnights 
and prolonged stays at forest farms/fields (61% during rainy season), 
increasing their malaria risk (OR 1.66, 95% CI 1.21-2.28, p=0.002). 
Additionally, various types of irregular mobility were identified including 
cross-border mobility, hunting and logging. Khmer migrants are active 
on rubber plantations and mines (82%), representing a fundamentally 
different social group that was not reached by LLIN-distribution campaigns 
(67%) since most were not registered (79%) and (95%) unaware of the 
village malaria worker system due to poor social integration. Furthermore, 
most purchased non-treated bed nets (75%), the majority of which (55%) 
were damaged. In conclusion, different mobility patterns co-exist and 
are associated with differential malaria risk. This study demonstrates the 
need for differential malaria control strategies among groups that are, 
nevertheless, usually jointly categorized as “mobile populations”.

1214
RE-ORIENTING TOWARDS ELIMINATION IN MATABELELAND 
SOUTH, ZIMBABWE: PERFORMANCE OF AN ENHANCED 
DIGITIZED CASE-BASED SURVEILLANCE SYSTEM

Conart Mpofu1, Jason Owen2, Munashe Madinga3, Yonatan 
Gossaye4, Charlotte Dolenz5, Arnaud Le Menach5, Deepa Pindolia5, 
Kudzai Makomva6, Abaden Svisva7, Joseph Mberikunashe8

1Matabeleland South Provincial Medical Directorate, Bulawayo, Zimbabwe, 
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Access Initiative, Bulawayo, Zimbabwe, 4Clinton Health Access Initiative, 
Addis Ababa, Ethiopia, 5Clinton Health Access Initiative, Boston, MA, 
United States, 6Elimination 8, Windhoek, Namibia, 7Population Services 
International, Harare, Zimbabwe, 8Zimbabwe National Malaria Control 
Programme, Harare, Zimbabwe

Matabeleland south province in Zimbabwe plans to reach malaria 
elimination by 2017. Currently, cases are reported in two surveillance 
systems: a routine passive system where data are aggregated monthly, 
and an individual case-based system. To support elimination efforts, the 
individual case-based system was re-oriented from a paper-based to 
digitized system in September 2014. The transition involved questionnaire 
and documentation revision, and district and health facility level capacity 
assessments. The new system provides real-time case data, enabling 
identification and targeting of high risk areas and populations, and 
generating evidence for policy change. Data was extracted from the 
paper-based system database at baseline (January to July 2013), the 
current digitized system database (September to December 2014), 
and routine surveillance database for both time periods. Proportion of 
cases reported, proportion of cases classified as local or imported, and 
proportion of cases investigated were estimated and compared over time. 
At baseline, discrepancies were found between case numbers reported 
in the paper-based reporting system (276) and the routine passive system 
(910). With the new digitized system, 295 confirmed malaria cases were 
reported compared to 390 confirmed cases from the routine surveillance 
system, revealing a 48% reduction in discrepancy. At baseline, the case 
investigation rate was low (28%), travel history was recorded for 5% of 
cases, but none were classified. Significant improvements were noted 
using the new digitized system: 54% of cases were investigated, and 
59% of cases were classified. Improved performance can be attributed 
to simplification of data entry with a reduction from 300 to 30 fields in 
data collection forms and availability of real-time case data (one month 
maximum delay). The new, digitized case-based surveillance system 

has shown significant improvements in epidemiological and efficiency 
indicators, and results have already been used to improve targeting and 
efficiency of interventions.

1215
THE GAMETOCYTOCIDAL EFFICACY OF PRIMAQUINE IN 
MALARIA ASYMPTOMATIC PLASMODIUM FALCIPARUM 
CARRIERS IN THE GAMBIA: RESULTS OF A RANDOMIZED 
CONTROLLED TRIAL

Joseph Okebe1, Muna Affara1, Gian Luca DiTanna2, Frank Sanya-
Isijola1, Edgard Dabira1, Alice C. Eziefula2, Abdoulaye Gaye1, Davis 
Nwakanma1, Teun Bousema2, Jean-Pierre Van geertruyden3, Chris 
Drakeley2, Umberto D’Alessandro1

1Medical Research Council Unit, Banjul, Gambia, 2London School of 
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Tropical Medicine, Antwerp, Belgium

Primaquine is recommended for treatment campaigns against 
Plasmodium falciparum gametocytes in (pre-) elimination settings. 
Although the recommended dose is believed to be safe, there is weak 
evidence on its efficacy. Studies are needed on the efficacy of primaquine, 
particularly in asymptomatic parasite carriers as they can maintain 
transmission. Asymptomatic, malaria infected, G6PD-normal individuals 
determined through community screening were randomised to receive 
either dihydroartemisinin-piperaquine (DHAPQ) alone (control arm) or with 
a single dose of primaquine (PQ) at three different dosages, i.e. 0.75mg/
kg, 0.40mg/kg and 0.20mg/kg. The primary endpoint was the prevalence 
of Plasmodium falciparum gametocyte on Day 7 of a 42-day follow-up 
determined by quantitative nucleic acid sequence based amplification 
assay. A total of 667 participants were enrolled in the trial. Preliminary 
analysis shows significant reduction in Day-7 gametocyte prevalence 
between the control and the 0.75mg/kg PQ and the 0.40mg/kg arms. 
Adverse events were few with 8 (2.4%) reports of anaemia (Hb <8.0g/
dl) which resolved on iron supplements. DHAPQ plus PQ; 0.75mg/kg and 
0.40mg/kg PQ seem to be able to reduce gametocyte carriage at Day-7. 
The safety profile of primaquine was overall good.

1216
TOWARDS MALARIA ELIMINATION IN ZANZIBAR: 
DEVELOPMENT OF EARLY EPIDEMIC DETECTION 
THRESHOLDS IN AN INCREASINGLY LOW TRANSMISSION 
SETTING

Abdulwahid H. Almafazy1, Abdullah S. Ali1, Stephen K. 
Kaptoge2, Narjis G. Thawer3, Fabrizio Molteni4, Issa A. Garimo5, 
Humphrey R. Mkali5, Mahdi M. Ramsan3, Shabbir Lalji3, Lynn A. 
Paxton6, Jeremiah M. Ngondi3
1Zanzibar Malaria Elimination Program, Zanzibar, United Republic of 
Tanzania, 2Department of Public Health and Primary Care, University 
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The Malaria Early Epidemic Detection System (MEEDS) was implemented 
in Zanzibar in 2008 to monitor malaria incidence. We analysed MEEDS 
data from 2008 to 2014 to assess trends in malaria in Zanzibar, and to 
develop thresholds for monitoring at district and heath facility levels. 
We conducted mixed effects negative binomial regression modelling at 
district and health facility levels using weekly malaria cases as the primary 
dependent variable. Specification of the predictor variables involved 5 
key features: fixed effects for districts; flexible smooth characterisation of 
seasonal variations by inclusion of restricted cubic spline transformations 
of epidemiologic week number; interaction of district dummy variables 
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and the week spline terms; yearly random effects to model deviations 
from typical mean; and random effects for health facilities. Alert and 
alarm thresholds were respectively defined as the 95th and 99th percentile 
of a Poisson distribution with corresponding smoothed mean function. 
We compared our results to the cumulative sum and the 75th percentile 
methods, with allowance for different lengths of the baseline reference 
period. Across the 10 districts of Zanzibar, the number of health facilities 
participating in the MEEDS surveillance programme increased from 137 
facilities in 2008 to 160 in 2014. Our thresholds conformed with apparent 
seasonal variations, and in contrast to thresholds based on conventional 
methods, were less susceptible to erratic variations when underlying 
data were sparse. The thresholds identified all known historical excesses 
of malaria cases in some districts for some particular years, and the 
frequency of alerts and alarms raised per year were acceptably few when 
considering only threshold breaches lasting for at least two consecutive 
weeks. Zanzibar has made tremendous progress in achieving millennium 
development goal #6, reducing malaria incidence by 70% in children 
and about 50% in adults over a 7-year period. These thresholds should 
facilitate greater efficiency in continued monitoring and delivery of 
interventions, eventually progressing to malaria elimination in Zanzibar.

1217
POTENTIAL IMPACT OF RAPID DIAGNOSTIC TEST 
DIAGNOSTIC ERROR ON INCREASED MALARIA 
TRANSMISSION OF EMERGING UNTREATABLE MALARIA
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Emerging untreatable malaria in the Greater Mekong Subregion could 
result in a public health disaster when it reaches Africa. Malaria diagnostic 
tests are recommended by the World Health Organization to obtain a 
specific malaria diagnosis before; however, all diagnostic test have errors 
associated with use. We examined diagnostic quality in Vietnam, where 
microscopy is the standard of care and RDTs are recommended only where 
or when microscopy is not available. In remote areas of Vietnam, RDTs 
are now being distributed where presumptive treatment was previously 
used. While microscopy appears to be of a very high quality, both 
diagnostic tests will have errors resulting in patients with undiagnosed, 
and hence, untreated malaria. This has the potential for malaria will 
mortality, as well as persistent parasitemia, and gametocytemia leading 
to on-going malaria transmission. In two provinces in central Vietnam, a 
project was established to capture diagnostics data to allow assessment 
diagnostics error in the real-world setting. Mathematical modeling 
tools will be employed to investigate the benefit of malaria microscopy 
and RDTs, as well as estimate the potential danger of false negative 
diagnostic results in an elimination setting. This evaluation began in 
January 2015 and will complete in August 2015. In the two provinces, 
2.14% of 654 negative where reread by expert microscopists as positive 
(3 Plasmodium falciparum, 10 P. vivax, 1 both species). The sensitivity 
of front-line microscopists (commune-based) was 85.6% with a species 
accuracy of 68.5%. Real world RDT assessment is pending. While the 
manufacturer’s package insert reports xx, for both species, some field 
studies (in South America) suggest 92.0% for Pv and 88.1% for Pf. In 
Vietnam, approximately XX cases were diagnosed with malaria microscopy 
and XX with RDT in 2014 ((confirm)). With this number of cases and the 
documented performance of microscopy and RDTs, we initially estimate XX 
P. falciparum and YY P. vivax cases are going initially untreated. These 
results will be used to model the potential impact of these diagnostic error 
within a malaria elimination program.
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CHANGES IN MALARIA PARASITE POPULATION GENETICS 
WITH APPLICATION OF MASS DRUG ADMINISTRATION IN 
ZAMBIA
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We have detected dramatic changes in parasite population genetic signals 
over time in Senegal under conditions of major intervention application. 
These signals indicate both decline in transmission and rebound of 
transmission using epidemiological modeling frameworks. Based on 
these data, we hypothesize changes in parasite population structure in 
Zambia under conditions where Mass Drug Administration (MDA) has 
been applied in the Southern Province. These predicted signals include 
decreases in complexity of infection (COI) and increases in the proportion 
of monogenomic infections (PMI) as well the increase in relatedness 
among parasites as detected using a molecular barcode approach. We 
applied genotyping approaches to samples obtained from a nested 
cohort within a larger community randomized trial testing use of MDA 
with dihydroartemisinin piperaquine (DHAp) to reduce malaria burden. 
The trial contains three arms: 1) community-wide MDA; 2) focal MDA 
(fMDA), where everyone in a household receives treatment if anyone in 
that household tests positive by malaria rapid diagnostic test (RDT); and 
3) control, where current standard malaria control practice is carried out 
without mass treatment campaigns. The study was stratified by malaria 
transmission above and below 10% prevalence, and after one round of 
intervention parasite prevalence decreased from 8.3% to 4.6% at a time 
when transmission normally rises dramatically. Genotyping data from the 
first 6 months of this infection incidence cohort study will be presented 
to ask if genetic signals track with clinical or epidemiological indicators 
anticipated to decline under MDA; and if these differ between the two 
populations with high or low transmission intensity. Specifically we will 
share data showing whether COI or PMI changed, and whether there 
was evidence of increasing clonality or relatedness among parasites as 
interventions were deployed; whether these indicators track with clinical 
or epidemiological indicators; the relatedness between parasites within 
household clusters; and, any changes in drug resistance markers as a 
consequence of MDA application in these settings.
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PHASE 1 STUDY OF DIFFERENT FORMULATIONS OF A 
TETRAVALENT DENGUE PURIFIED INACTIVATED VACCINE 
(DPIV): SAFETY AND IMMUNOGENICITY DATA IN HEALTHY 
ADULTS FROM PUERTO RICO THROUGH MONTH 13
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The safety and immunogenicity of 2 doses of an investigational tetravalent 
DPIV were studied in Puerto Rico. We report results up to study month 
(M) 13. In this ongoing Phase 1, observer-blind study (NCT01702857), 
100 healthy adults were randomized 1:1:1:1:1 to receive saline placebo or 
1 of 4 DPIV formulations (1µg per dengue virus [DENV] type adjuvanted 
with aluminum hydroxide [Alum], AS01E or AS03B, or 4µg per DENV type 
adjuvanted with Alum) at Days (D) 0 and D28. Subjects were followed up 
for serious adverse events (SAEs), potential immune-mediated diseases 
(pIMDs) and medically-attended AEs (MAEs) up to M13. Hematological 
and biochemical laboratory parameters were assessed up to M13. 
Neutralizing antibody titers were determined by microneutralization assay 
(MN50). Two subjects in the 4µg+Alum group reported 4 SAEs, and 2 
in the placebo group reported 5 SAEs; all were considered unrelated 
to vaccination. Worsening of a pre-existing pIMD (rheumatoid arthritis) 
was reported for 1 subject in the 1µg+AS03B group and 1 case of auto-
immune thyroiditis in the placebo group. Fifty-two MAEs were reported, 
without notable differences across groups. Three subjects had grade 
3 anemia (2 in the 4µg+Alum group at M7 and M10, and 1 in the 
1µg+AS03B group at M7, M10, and M13). Iron deficiency was considered 
as the most likely etiology. The M13 per-protocol immunogenicity 
cohort included 83 participants (78 seropositive for ≥1 DENV type). M13 
geometric mean titers (GMTs) against DENV-1, -2, -3, -4 were 1122, 793, 
447, 1142, respectively, in the 1µg+Alum group; 2291, 1272, 1092, 3133 
in the 4µg+Alum group; 1309, 1566, 1139, 1751 in the 1µg+AS01E 

group; 2051, 1847, 1389, 3267 in the 1µg+AS03B group; 983, 603, 
348, 1441 in the placebo group. M13/D0 GMT ratios were highest in the 
1µg+AS03B group and ranged from 3.2 to 3.7 for the 4 DENV types (1.5 
to 2.1 in the 4µg+Alum group; 0.9 to 1.3 in the placebo group). D56/
M13 GMT ratios ranged from 1.2 to 1.7 in the 1µg+AS03B group (1.0 to 
1.7 in the 4µg+Alum group; 0.7 to 1.1 in the placebo group). All DPIV 
formulations were well tolerated and no safety signals were identified up 
to M13; MN50 GMTs remained high up to M13.
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A SINGLE DOSE OF TV003 ELICITS PROTECTIVE EFFICACY 
AGAINST CHALLENGE WITH A HETEROTYPIC DENGUE VIRUS 
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Dengue is the most important arboviral infection in the world. Several 
candidate dengue vaccines are in clinical trial; however, variable efficacy 
of the lead candidate CYD due to DENV serotype and dengue-immune 
status at vaccination have made it difficult for vaccine manufacturers 
to determine which candidates should be evaluated in efficacy trials in 

endemic areas where vaccine failure or partial immunity could predispose 
subjects to more severe disease upon subsequent DENV infection. 
A dengue human infection model (DHIM) would be useful in down-
selecting candidate vaccines prior to testing in endemic areas as well as 
identifying putative correlates of protection. We have developed a DHIM 
to evaluate the protective efficacy of the live attenuated tetravalent 
dengue vaccine TV003 developed by the NIAID. In Phase I clinical trials, 
a single dose of TV003 induced neutralizing antibody to DENV-1, DENV-
2, DENV3, and DENV-4 in 92%, 76%, 97%, and 100% of vaccinees, 
respectively. It induced a tetravalent response in 74% of vaccinated 
subjects and a trivalent or better response in 98%. Because the frequency 
of seroconversion to DENV-2 was lowest, we sought to evaluate protection 
against a heterotypic strain of DENV-2. We vaccinated 24 flavivirus-naïve 
subjects with a single dose of TV003; an additional 24 subjects received a 
placebo. Six months later all recipients received 1,000 PFU of rDEN2Δ30, 
an under-attenuated DENV-2 strain. TV003 elicited 100% protection 
against viremia, rash, and neutropenia induced by rDEN2Δ30. In contrast, 
100% of placebo recipients who received rDEN2Δ30 at challenge were 
viremic (mean peak titer = 2.3 log10 PFU/mL, mean duration of viremia 
= 6.1 days); 80% developed rash (38% graded as moderate); and 20% 
developed neutropenia (75% graded as moderate). Only 6 vaccinees had 
> 4-fold increase in PRNT50 to DENV-2 following challenge, indicating that 
TV003 induced sterilizing immunity in 71% of vaccinees. Therefore, a 
single dose of TV003 induces strong protective efficacy against challenge 
to at least 6 months and should be further evaluated in dengue-endemic 
areas.

1221
SAFETY EVALUATION AND IMMUNOGENICITY OF A SINGLE-
DOSE LIVE-ATTENUATED TETRAVALENT DENGUE VACCINE IN 
DENGUE ENDEMIC POPULATIONS

Stephen S. Whitehead1, Anna P. Durbin2, Donald P. Francis3, 
Alexander Precioso4, Ricardo Palacios4, Beatriz Thome4, Esper G. 
Kallas5, Lucia M. Campos5, Veerachia Watanaveeradej6, Louis R. 
Macareo7, Sriluck Simasathien6, Chonticha Klungthong7, Butsaya 
Thaisomboonsuk7

1National Institute of Allergy and Infectious Diseases, Bethesda, MD, 
United States, 2Johns Hopkins University, Baltimore, MD, United States, 
3Global Solutions for Infectious Diseases, San Francisco, CA, United States, 
4Butantan Institute, Sao Paulo, Brazil, 5University of Sao Paulo, Sao Paulo, 
Brazil, 6Phramongkutklao Hospital, Bangkok, Thailand, 7Armed Forces 
Research Institute of Medical Sciences, Bangkok, Thailand

Dengue virus (DENV) continues to be the most important arbovirus 
worldwide with millions of cases of dengue fever and severe dengue 
occurring annually. Because a secondary DENV infection with a serotype 
different from that which caused the primary infection is a significant risk 
factor for severe disease, a safe and effective DENV vaccine must induce 
a long-lived, protective immune response to all four DENV serotypes. The 
goal of the NIAID intramural DENV vaccine program remains focused on 
the development of a single-dose, live-attenuated tetravalent dengue 
vaccine that is minimally reactogenic, highly immunogenic in both dengue 
virus primed and naïve recipients, and is cost-effective and safe for the 
community. Fifteen years of research has produced an optimal tetravalent 
mixture of viruses with a suitable level of infectivity and balance and has 
yielded clinical results in naïve adult subjects that support its continued 
development and progress into Phase 2/3 evaluation. Adult cohort 
studies in Brazil and Thailand were undertaken to evaluate the properties 
of the vaccine among populations with previous exposure to some 
DENV serotypes due to the endemic nature of the virus in these areas. 
To date, the favorable safety profile of the vaccine remains unchanged 
compared to that observed in DENV-naïve adult subjects. The vaccine has 
been evaluated in progressively younger subjects in Bangkok, including 
adolescents (13 - 17 years old), children (5 - 12 years old), and eventually 
in younger children (1 - 4 years old). A Phase 2 study under the direction 
of the Butantan Institute in Sao Paulo has been conducted and supports 
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the further evaluation of the vaccine in its first Phase 3 efficacy trial. 
Summary data from these two international studies will be presented and 
discussed.

1222
SAFETY AND IMMUNOGENICITY OF A TETRAVALENT 
RECOMBINANT SUBUNIT VACCINE FOR DENGUE: RESULTS 
OF A PHASE I CLINICAL TRIAL

Susan B. Manoff, Michele L. Sausser, Amy F. Russell, Brynne 
Tannenbaum, Tyler Finn, Jason Martin, David Radley, Donna Hyatt, 
Christine Roberts, Andrew J. Bett, Luwy Musey, Beth-Ann G. 
Coller
Merck and Company, North Wales, PA, United States

A recombinant subunit vaccine is being developed to prevent dengue. 
The vaccine candidate comprises truncated dengue envelope proteins 
(DEN-80E) from all 4 serotypes produced in Drosophila S2 cells. Nine 
active vaccine formulations were assessed in a randomized, placebo-
controlled, Phase I trial in healthy, flavivirus-naïve adults in Australia. 
Three dosage levels of the tetravalent DEN-80E antigens were evaluated 
in a dose-escalation design. The 9 vaccine formulations either included 
ISCOMATRIX™ adjuvant (2 different dosage levels), aluminum-hydroxide 
adjuvant, or were unadjuvanted, and were compared to phosphate-
buffered saline placebo. Volunteers received 3 injections of the assigned 
product on a 0, 1, 2 month schedule, and were followed for safety 
through 1 year after the last injection. Antibody levels were assessed 
at 6 time points: enrollment, 1 month after each dose, and 6 and 12 
months Postdose 3 (PD3). The primary immunogenicity endpoint was the 
seroconversion rate (SCR) of virus-neutralizing antibody, measured by a 
qualified Focus Reduction Neutralization Test with 50% neutralization 
cutoff. The protocol-specified criterion for a positive immune response, 
applied to each formulation, was that at 28 days PD3, at least 3 serotypes 
will have a seroconversion rate of ≥75%. The trial has been completed. 
Of the 98 randomized participants, 90 received all 3 injections. All 9 
active vaccine formulations were generally well tolerated; the safety 
profiles varied by the adjuvant component, but not by dose level of 
antigen or adjuvant. All 6 formulations with ISCOMATRIX™ adjuvant 
met the criterion for a positive immune response; per-protocol serotype-
specific SCRs at 28 days PD3 ranged from 85.7% to 100%. Among the 
3 formulations that were either aluminum-adjuvanted or unadjuvanted, 2 
showed evidence of immunogenicity but did not meet the pre-specified 
criterion; per-protocol serotype-specific SCRs at 28 days PD3 ranged from 
14.3% to 62.5%. These data suggest that a tetravalent DEN-80E vaccine 
may be generally well tolerated and immunogenic in flavivirus-naïve 
individuals. Complete unblinded study results will be presented.

1223
RECENT SCIENTIFIC AND CLINICAL ADVANCES IN SANOFI 
PASTEUR’S DENGUE VACCINE PROGRAM

Nicholas Jackson1, Bruno Guy1, Janice Moser2, Karen Fanouillere1, 
Matthew Bonaparte2, Corinne Dunod1, Remi Forrat1, Anh Wartel-
Tram3, Diane Van der Vliet1, Laurent Coudeville1, Fernando 
Noriega1, Melanie Saville1

1Sanofi Pasteur, Lyon, France, 2Sanofi Pasteur, Swiftwater, PA, United 
States, 3Sanofi Pasteur, Singapore, Singapore

In 2014, results from the first phase 3 efficacy studies of a dengue 
vaccine, across ten endemic countries in more than 30,000 children and 
adolescents in Asia (CYD14, aged 2-14) and in Latin America and the 
Caribbean (CYD15, aged 9-16) were reported, and the clinical safety 
database now includes over 28,000 subjects who have received at least 
one dose of vaccine. The pre-protocol primary endpoints were successfully 
achieved in both trials, showing a reduction in overall disease by 56.5% 
(CYD14) and 60.8% (CYD15) against virologically-confirmed symptomatic 
disease, regardless of severity, against any serotype, as reported previously. 
In the active phase of surveillance (from first vaccination through to 25 

months), a favourable safety profile was observed consistent with prior 
trials and additional results demonstrated efficacy against hospitalized 
and severe disease, serotype-specific efficacy and the importance of the 
dengue baseline status and age on subsequent efficacy. Pertinent meta-
analysis for point estimates of serotype-specific efficacy during the active 
phase, regardless of severity, show the consistence of efficacy against 
individual serotypes; the hierarchy was >70% for serotype 3 and 4, 
50.2% for serotype 1 and 39.6% for serotype 2. Long-term surveillance 
of hospitalized dengue cases in both trials continues with a high level of 
sustained subject participation and available data will be presented. Post-
phase 3 investigations are addressing post-hoc analyses based on the 
unprecedented level of accrued cases and related clinical data, including 
the sequencing of viruses and the application of new immunological 
assays. Mathematical modelling demonstrates the ability of the dengue 
vaccine to significantly reduce the burden of disease in endemic regions. 
In totality, a vaccination strategy targeting high disease burden age 
ranges and combines routine vaccination with several catch-up cohorts at 
introduction, would substantially reduce the burden of dengue disease in 
endemic regions.

1224
PERSISTENCE OF NEUTRALIZING ANTIBODIES ONE YEAR 
AFTER TWO DOSES OF A CANDIDATE RECOMBINANT 
TETRAVALENT DENGUE VACCINE IN SUBJECTS AGED FROM 
1.5 TO 45 YEARS

Derek Wallace, DEN-203 Study Group
Takeda Vaccines Pte Ltd, Singapore, Singapore

Takeda’s live attenuated tetravalent dengue vaccine candidate (TDV) 
contains a molecularly characterized dengue serotype 2 virus (TDV-2) 
and three recombinant viruses expressing the pre-membrane (prM) and 
envelope (E) structural genes for serotypes 1, 3, and 4 in the TDV-2 
genetic backbone. In a previously reported phase II placebo-controlled, 
multi-center, age-descending trial (NCT 01511250) we assessed the safety, 
reactogenicity and immunogenicity of two doses of TDV or placebo, 
90 days apart, in subjects living in dengue endemic areas (Puerto Rico, 
Colombia, Singapore or Thailand). Subjects in four age-cohorts: 21-45 
year-old adults (n = 38), 12-20 year-old adolescents (n = 36), and 6-11 
(n = 38) and 1.5-5 year-old (n = 36) children, were randomized 2:1 to 
receive TDV or placebo. Vaccination was well tolerated with no safety 
signals in any age group. When neutralizing antibodies against each of 
the four serotypes were measured after one dose at Day 28, 94.4-96.7% 
of vaccinees were seropositive to DENV-1, DENV-2 or DENV-3, while 
responses to DENV-4 were between 59.1% and 85.7% according to age 
group. A second dose at Day 90 increased responses to DENV-4 to 87.5% 
of vaccinees, but had little impact on other serotypes. By Day 120, 98% 
of vaccinees were seropositive to multiple serotypes compared with 4% of 
placebo recipients. When assessed at Days 180 and 360 there was little or 
no waning of antibodies in those vaccinees initially seropositive at baseline. 
Subjects who were seronegative at baseline did display some waning of 
antibodies, but all vaccine-groups remained seropositive compared with 
placebo recipients. These patterns of antibody response were similar across 
the four age groups. One dose of the candidate TDV vaccine elicited 
immune responses against the four DENV serotypes in initially seropositive 
and seronegative subjects, from 1.5 to 45 years of age, with little impact 
of a second dose, and persistence of neutralizing activity through 360 days 
irrespective of age or initial immune status.
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1225
A NOVEL PROTEIN SCAFFOLD-BASED RECOMBINANT 
DENGUE 2 CANDIDATE VACCINE INDUCES ROBUST 
NEUTRALIZATION AND CONFERS PROTECTION AGAINST 
DENGUE INFECTION IN NON-HUMAN PRIMATES

William Messer1, Sean P. McBurney2, Justine E. Sunshine1, Nancy 
L. Haigwood2

1Oregon Health & Science University, Portland, OR, United States, 2Oregon 
Health & Sciences University and Oregon National Primate Research 
Center, Portland, OR, United States

Dengue virus (DENV) is the most prevalent arthropod-borne virus 
worldwide causing approximately 200 million infections each year, and 
currently there is no licensed vaccine. Here we describe construction 
and characterization of a novel protein-scaffold based DENV-2 vaccine 
candidate. The acyltransferase component (E2) of the pyruvate 
dehydrogenase complex of Geobacillus stearothermophilus self-assembles 
into a 60-mer core with icosahedral symmetry and a 24 nm diameter. 
E2 can be modified to express E2 fused with exogenous proteins that 
subsequently self-assemble into 60-mer virus like particles (VLPs). For 
this candidate vaccine, DENV-2 envelope protein domain III (EDIII)-E2 
recombinant proteins were generated in E.coli and purified by gel 
filtration. EDIII specific mAb were used to confirm correct presentation of 
the DENV-2 EDIII antigen. Six DENV-naïve rhesus macaques (RMs) were 
vaccinated with intramuscular delivery of EDIII-E2 VLPs and a DNA plasmid 
encoding DENV-2 EDIII at wk 0, 4, and 12, achieving 50% neutralization 
titers (FRNT50) ranging from 1:3,000 to 1:100,000 by 14 wks post 
vaccination. The vaccinated RMs and 3 naïve controls were subsequently 
challenged with DENV-2, with complete protection (6/6) against detectable 
DENV-2 viremia by infectious virus assays and partial protection (3/6) by 
PCR. Interestingly, days of PCR detected viremia was negatively correlated 
with pre-infection FRNT titers (r=-0.88, p=0.01), suggesting a threshold 
neutralizing titer was necessary to fully control detectable viremia. 
These preliminary studies demonstrate proof of principle for protein 
scaffold based dengue vaccines and lay the groundwork for developing 
formulations of EDIII-E2 fusion proteins of each serotype that could self-
assemble into tetravalent VLPs.

1226
EFFECTS OF THE EBOLA VIRUS EPIDEMIC ON NTD 
INTERVENTIONS IN LOFA COUNTY, LIBERIA AND PLANS FOR 
RESUMPTION OF MASS DRUG ADMINISTRATION

Joshua Bogus1, Lincoln Gankpala2, Kerstin Fischer1, Alison 
Krentel3, Gary J. Weil1, Peter U. Fischer1, Fatorma K. Bolay2

1Washington University School of Medicine, St. Louis, MO, United States, 
2Liberian Institute for Biomedical Research, Charlesville, Liberia, 3London 
School of Hygiene & Tropical Medicine, London, United Kingdom

We initiated a study in 2012 to compare the impact of annual and 
semiannual mass drug administration (MDA) for the control and 
elimination of neglected tropical diseases (NTDs, lymphatic filariasis, 
onchocerciasis, soil-transmitted helminths, schistosomiasis) in Foya and 
Kolahun Districts in Lofa County, NW Liberia. MDA compliance rates by 
village ranged from 70-83% in 2013. Emergence of Ebola virus disease 
(EVD) in Lofa interrupted a follow-up parasitological survey in April 2014. 
By February 2015, 705 EVD cases (332 confirmed) and 433 deaths were 
recorded in the county. Although EVD cases were highly clustered in a 
small number of villages, MDA was suspended in the county and across 
the country for more than 1 year. This study was conducted to assess the 
willingness of our study communities to resume MDA for NTDs and to 
regain trust required for high compliance. Anecdotal reports indicated that 
people were suspicious of international health workers and researchers 
because of the EVD outbreak, and some thought that these outsiders were 
responsible for the epidemic. We conducted questionnaire survey in March 
2015 of 140 community leaders in 32 villages (3 to 7 participants per 

village). Despite a continued fear of EVD, participants reported high levels 
of enthusiasm for MDA and a willingness to participate in parasitological 
surveys. Participants reported 92% compliance with MDA in 2013, and 
a similar percentage said they were willing to take the medications now. 
Community leaders consistently said that it was important to widely 
publicize the plan to resume MDA prior to drug delivery and to make it 
clear that the medicines were the same ones that they had received earlier 
to control worm infections. In this way, resumption of MDA provided by 
the MOH may be reassuring to some as evidence that the country’s health 
system is capable of resuming general health services and moving past 
the Ebola crisis. Social mobilization will start soon, and the next round 
of MDA will be distributed in in May 2015. This study has provided new 
information on the indirect impact of events such as the EVD outbreak on 
NTD programs and on factors to consider prior to restarting MDA.

1227
EVALUATING TREATMENT COVERAGE FOR MASS DRUG 
ADMINISTRATION: A MULTI-COUNTRY COMPARISON OF 
THREE SURVEY METHODS

Windtaré R. Bougma1, Harriet Lwanga2, Square Mkwanda3, 
Edridah M. Tukahebwa4, Michael Deming5, Katherine Gass6

1Programme National de Lutte contre les maladies tropicales négligées, 
Ministère de la Santé, Ouagadougou, Burkina Faso, 2RTI Envision Program, 
Kampala, Uganda, 3Lymphatic Filariasis Elimination Programme, Ministry 
of Health, Lilongwe, Malawi, 4Vector Control Division, Ministry of Health, 
Kampala, Uganda, 5Parasitic Diseases Branch, Centers for Disease Control 
and Prevention, Atlanta, GA, United States, 6Task Force for Global Health, 
Decatur, GA, United States

Coverage surveys are an important tool for evaluating the performance 
of mass drug administration (MDA) for neglected tropical diseases (NTDs). 
Unfortunately they are seldom implemented by national programs, 
which may be attributed, in part, to a lack of standardized guidelines for 
conducting coverage surveys across the NTDs. When coverage surveys 
are conducted a commonly used approach is the Expanded Program on 
Immunization’s 30-cluster survey (EPI), widely known for its practicality 
but criticized for falling short of probability sampling. We compared the 
feasibility of the EPI sampling design to two alternative sampling designs 
for measuring MDA coverage in Burkina Faso, Uganda and Malawi. The 
first of these alternatives, Lot Quality Assurance Sampling (LQAS), divided 
a district into five programmatically relevant supervisory areas (SAs) from 
which 19 persons were selected and the SA coverage was classified as 
good/poor. SA results were weighted and combined at the district level to 
estimate overall coverage with a precision of ± 10%. The second method, 
Probability Sampling with Segmentation (PSS), used segmentation within 
each selected cluster to simplify and expedite the selection of individuals 
while maintaining probability sampling. The EPI and PSS sample sizes 
were calculated for a precision of  ± 5%, considered more useful for MDA 
evaluation. In Burkina Faso and Malawi, each method was conducted in a 
separate district; in Uganda, all three were used in the same district. When 
averaged across the three countries, LQAS took the least days to complete 
(16), followed by EPI (18) and PSS (20). Cost was closely tied to duration, 
with LQAS being the least expensive and PSS the most; however, all three 
methods were under $5,000 to implement per district. When asked about 
ease of use, survey teams generally scored the three methods similarly. 
Since PSS required only a relatively small increase in time and cost and was 
the only method of the three that generated unbiased coverage estimates 
with the desired precision, we conclude that it may be the best tool for 
conducting coverage evaluations to improve the performance of NTD 
programs.
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1228
COMMUNITY DRUG DISTRIBUTOR PERFORMANCE IN THE 
CONTROL OF NEGLECTED TROPICAL DISEASES: ARE WE 
ASKING TOO MUCH?

Fiona M. Fleming1, Fred Matovu2, Joanne P. Webster3, Narcis B. 
Kabatereine1, Edridah M. Tukahebwa4, Kristian S. Hansen5

1Schistosomiasis Control Initiative, Imperial College London, London, 
United Kingdom, 2Faculty of Economics and Management, Makerere 
University, Kampala, Uganda, 3Pathology and Pathogen Biology, Royal 
Veterinary College, London, United Kingdom, 4Vector Control Division, 
Ministry of Health, Kampala, Uganda, 5Department of Global Health and 
Development, London School of Hygiene & Tropical Medicine, London, 
United Kingdom

Trusted literate, or semi-literate, community drug distributors (CDDs) are 
the primary implementers in integrated preventive chemotherapy (IPCT) 
programmes for Neglected Tropical Disease (NTD) control. The CDDs are 
responsible for safely distributing drugs and for galvanising communities 
to repeatedly, often over many years, receive annual treatment, create 
and update treatment registers, monitor for side-effects and compile 
treatment coverage reports. These individuals are ‘volunteers’ for the 
programmes and receive, no, or minimal, remuneration for their annual 
work commitment. A mixed methods approach, which included pictorial 
diaries to prospectively record CDD use of time, structured interviews and 
focus group discussions, triangulated data on how 58 CDDs allocated their 
time towards their routine family activities and to NTD control activities in 
Uganda. The opportunity costs of CDD time were estimated using salary 
values; performance assessed by determining the relationship between 
time and programme coverage; and CDD motivation for participating in 
the programme was explored. Key findings showed approximately 2.5 
working weeks (range, 0.6 to 11.4 working weeks) were spent on NTD 
control activities per year. The amount of time on NTD control activities 
significantly increased with each additional drug delivery that was required 
within an IPCT campaign. CDD time spent on NTD control activities 
had an impact of time available for subsistence and income generating 
engagements. As CDDs took more time to complete NTD control activities 
their treatment performance decreased. Motivation for the programme 
was low and CDDs felt undervalued.CDDs contribute a considerable 
amount of opportunity cost to the overall economic cost of the NTDCP in 
Uganda due to the commitment of their time. Nevertheless, programme 
coverage of at least 75%, as required by World Health Organization, is 
not being achieved and vulnerable individuals may not have access to 
treatment. The presenter will make recommendations for improvements in 
programme implementation and alternative support systems for the CDDs 
in order to utilise resources effectively and efficiently.

1229
PARTNERING FOR SUCCESS: INTEGRATED TRANSMISSION 
ASSESSMENT SURVEYS FOR LYMPHATIC FILARIASIS, SOIL-
TRANSMITTED HELMINTHS AND MALARIA IN HAITI

Alaine K. Knipes1, Jean Frantz Lemoine2, Franck Monestime3, 
Carl Fayette3, Abdel Direny3, Luccene Desir4, Valery Madsen 
Beau de Rochars5, Thomas Streit4, Kristen Renneker6, Brian Chu6, 
Amanda Barry1, Venkatachalam Udhayakumar1, John Barnwell1, 
Eric Rogier1, Michelle Chang1, Kimberly Mace1, Kimberly Won1, 
Patrick Lammie7

1Division of Parasitic Diseases and Malaria, Centers for Disease Control 
and Prevention, Atlanta, GA, United States, 2Programmes Nationaux de 
Malaria et de Filariose Lymphatique, Ministère de la Santé Publique et 
de la Population, Port au Prince, Haiti, 3IMA World Health, Washington, 
DC, United States, 4University of Notre Dame/Hôpital St. Croix, Léogane, 
Haiti, 5University of Florida/The Carter Center, Atlanta, GA, United States, 
6Neglected Tropical Diseases Support Center, Task Force for Global Health, 
Atlanta, GA, United States, 7Division of Parasitic Diseases and Malaria, 
Centers for Disease Control and Prevention, Neglected Tropical Diseases 
Support Center, Task Force for Global Health, Atlanta, GA, United States

The island of Hispaniola is the only remaining Caribbean island that 
is endemic for malaria and lymphatic filariasis (LF), with Haiti bearing 
the greater burden of both diseases. Haiti’s National Program for the 
Elimination of LF (NPELF) reached full national coverage with mass 
drug administration (MDA) for LF in 2012. Several areas have reduced 
antigenemia prevalences to <2%, and in 2014 NPELF began conducting 
transmission assessment surveys (TAS) to determine eligibility to stop 
LF MDA. Haiti plans to conduct 48 TAS by the end of 2017. National 
malaria prevalence is low (0.4% in 2011), and with 16,872 confirmed 
cases reported in 2014, elimination of this disease is also considered 
feasible. Elimination goals for both diseases revealed opportunities to 
explore potential programmatic synergies, particularly as both programs 
must establish surveillance methods to identify potential remaining foci 
of transmission. In 2014, the World Health Organization (WHO) was 
finalizing guidelines for using LF TAS as a platform for soil transmitted 
helminth (STH) assessments, prompting NPELF to develop its own 
integrated protocol that also included malaria (‘TAS-STH-malaria’). Haiti’s 
TAS-STH-malaria survey addressed the need to determine if LF transmission 
had been interrupted, while also responding to WHO’s call for integration 
of programs with common features of control and elimination strategies. 
In November 2014, a TAS-STH-malaria survey was piloted in Nippes 
department, Haiti. Teams enrolled 1632 children in 45 schools. Children 
were tested for LF, malaria, and STH. In all, three (0.2%) of 1632 children 
were positive for LF (immunochromatographic card test), zero (0%) of 
1632 were positive for malaria (rapid diagnostic test), and 47 (17%) of 
284 were positive for STH (Kato Katz). Blood spots are currently being 
analyzed for antibody responses to LF (Wb123, Bm14, and Bm33) and 
malaria (LSA-1, MSP-1-19, MSP-1-42(D), MSP-1-42(F), AMA-1, NS MSP-
1-19) antigens using a multiplex platform. This approach demonstrated 
feasibility of an integrated TAS-STH-malaria survey, which is presently 
being implementing in four additional evaluation units.

1230
EVALUATING NEGLECTED TROPICAL DISEASE DATA 
REPORTING SYSTEMS: RESULTS FROM 6 DATA QUALITY 
ASSESSMENTS

Katie Zoerhoff1, Pamela Mbabazi2
1RTI International, Washington, DC, United States, 2World Health 
Organization, Geneva, Switzerland

With the WHO target date of 2020 for NTD elimination fast approaching, 
it is essential that national program managers understand their program 
performance so that they can take any necessary corrective actions in a 
timely manner. However, in order to use evidence for decision-making 
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appropriately, data must be available, complete, timely, and accurate. Data 
Quality Assessments (DQAs) are an effective tool to measure the quality 
of NTD data and the data management system, in order to identify areas 
that need improvement and develop actions to strengthen the reporting 
system. Six countries in Africa and Asia implemented DQAs in 2013-14 to 
evaluate the quality of their NTD data and reporting system. Available data 
were recounted and compared to reported values to assess data accuracy, 
and focused assessments were conducted with key stakeholders at every 
level of the reporting system in each country, totaling 165 sites. We found 
the following: overall, 77% of reports were available for recounting, 65% 
being complete with all the indicators assessed; data were submitted 
on time in only 12% of instances; approximately 50% of reported data 
were verified through recounting, with overreporting occurring in almost 
1/3 of instances. Nearly all (91%) respondents indicated that data flow 
was through the national system, and 71.7% reported that there were 
designated staff responsible for reviewing quality of data received. 
However, many respondents noted that the data collection tools (e.g., 
treatment registers) did not have sufficient precision to measure indicators 
accurately. These findings suggest that the quality of data and reporting 
systems need to be strengthened for national program managers to 
make optimally informed decisions. As a result of these DQA exercises, 
countries have revised their data collection tools to better capture data, 
including sex- and age-disaggregated results, and strengthened training to 
include a larger focus on data management. Further effort and innovative 
approaches are needed to improve timeliness of data submission. Follow-
up DQAs should be conducted as part of overall program evaluation 
activities.

1231
ARE WE REACHING WOMEN AND MEN EQUALLY WITH 
MASS DRUG ADMINISTRATION FOR NEGLECTED TROPICAL 
DISEASES? DATA FROM TWELVE COUNTRIES

Daniel Cohn, Kalpana Bhandari, Margaret Baker
RTI International, Washington, DC, United States

Preventive chemotherapy (PC) is a key strategy for control and elimination 
of a group of Neglected Tropical Diseases (NTDs): Lymphatic filariasis, 
onchocerciasis, schistosomiasis, soil-transmitted helminthes and 
trachoma. With over 800 million persons treated globally in 2012, it is 
essential to understand whether there is evidence of gender equity in 
the availability and utilization of the benefits of PC programs. Datasets 
created by national NTD programs supported by United States Agency 
for International Development recorded persons treated betweenOctober 
2012 and September 2013. Records included nearly 200 million 
treatments, delivered to around 90 million people in 12 countries from 
3 world regions. Gender-disaggregated data were available in all 12 
countries for at least 1 NTD and for all targeted districts and diseases 
in 7 countries. Treatment (‘epidemiologic’) coverage was determined 
by dividing total (or sex-disaggregated) persons treated by the at-risk 
population, with gender-specific proportions of the at-risk population 
estimated from values of the most recent national census. Analysis showed 
that treatment coverage among females was overall similar to that of 
males, averaging 60.4% for females and 59.5% for males. This apparent 
gender equity held true when analyzed both by disease and by world 
region, though differences could sometimes be seen in countries with 
mass drug administration that targeted schistosomiasis or trachoma. No 
evidence of lower utilization of PC services by women was found. This 
suggests that the strategies used to take NTD treatment to communities, 
many living beyond the reach of routine health services, is providing good 
access to health for women. On the other hand, if women not eligible for 
treatment (for certain PC-NTD drugs, this may include women who are 
pregnant and/or in the first trimester of pregnancy, or lactating in the first 
week after birth) were to be removed from the denominator, treatment 
coverage would be consistently lower for men - a finding that warrants 
further exploration.

1232
GOING PAPERLESS? A MULTI-COUNTRY EXPERIENCE ON THE 
USE OF SMART PHONES IN THE CONTROL OF NEGLECTED 
TROPICAL DISEASES

Yolisa J. Nalule, Michael French, Jane Whitton, Guiseppina Ortu, 
Sarah Knowles
Schistosomiasis Control Initiative, Imperial College London, London, United 
Kingdom

Up-to-date disease distribution maps coupled with routine disease 
monitoring and evaluation data are crucial to design, plan and guide 
neglected tropical disease control programs (NTD). Data collection using 
mobile phones has increasingly been suggested as a favourable alternative 
to the paper based system. Country wide integrated NTD mapping in 
Rwanda, Burundi and Ethiopia and NTD treatment coverage survey 
validation in Uganda, Zanzibar and Malawi was conducted using the Task 
Force for Global Health’s LINKS and EpiCollectPlus SMART phone data 
collection systems respectively. The tools allowed for simultaneous data 
collection and entry, quick uploading to a central database and real time 
data visualisation, analysis and storage. No extra data entry staff were 
needed and any errors in the uploaded data were promptly spotted and 
corrected. The progress of the teams, and the project itself, could be easily 
be monitored using the time stamps captured at each upload. However, 
requiring internet connectivity to upload data was a considerable limitation 
in the rural areas. Additionally sample processing necessitated the full 
time use of gloves making physical use of mobile phone difficult. Entries 
requiring open ended answers could not be incorporated using LINKS and 
significantly slowed down data entry using EpiCollectPlus due to slow 
typing speeds. The LINKS tool could only be modified in Atlanta, removing 
the flexibility of fixing any errors even when caught early during the field 
survey. The server also being stored in Atlanta, raises important questions 
over ownership of data/sovereignty of the programme. These challenges, 
in addition to the inevitable loss or damage of phones, resulted in the 
continued use of paper forms on site as backups, possibly introducing 
errors. Training time was prolonged as training on the use of a SMART 
phone was needed first before training on using the tool itself. In our 
experience, SMART phones were useful for household coverage surveys 
which have a limited number of questions however they are not yet robust 
and/or versatile enough to do away with the need to collect information 
on paper forms.

1233
COMPARABILITY BETWEEN INSECTICIDE RESISTANCE 
BIOASSAYS FOR MOSQUITO VECTORS: TIME TO REVIEW 
CURRENT METHODOLOGY?

Henry F. Owusu1, Danica Jancaryova1, David Malone2, Pie Müller1

1University of Basel/Swiss Tropical and Public Health Institute, Basel, 
Switzerland, 2IVCC, Liverpool, United Kingdom

Insecticides play an integral role in the control of mosquito-borne diseases. 
With resistance to insecticides on the rise, surveillance of the target 
population for optimal choice of insecticides is a necessity. The Centers 
for Disease Control and Prevention (CDC) bottle assay and the World 
Health Organization (WHO) susceptibility test are the most frequently used 
methods in insecticide resistance monitoring. However, the two bioassays 
differ in terms of insecticide delivery and how resistance is measured. To 
evaluate how equivalent data from the two assays are, we compared them 
side-by-side. We did a literature search from 1998 to December 2014 to 
identify publications that performed both assays on the same mosquito 
population. We then tested the two bioassays on laboratory strains of 
Aedes aegypti, Anopheles stephensi, An. gambiae and An. arabiensis 
with different resistance levels against permethrin, λ-cyhalothrin, DDT, 
bendiocarb and malathion. We also measured the relationship between 
time-to-knockdown and 24 hours mortality. Both published data and 
results from the present laboratory experiments showed heterogeneity 
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in the comparability of the two bioassays. Following their standard 
procedures the two assays showed poor agreement in detecting resistance 
at the WHO cut-off of 90% (Cohen’s κ = 0.06). There was better 
agreement when 24 hour mortality was recorded in the CDC bottle 
assay and compared with that of the WHO susceptibility test (Cohen’s κ 
= 0.5148). Although statistically significant, time-to-knockdown was a 
weak predictor of 24 hour mortality (OR = 0.97, p < 0.001).  In conclusion, 
though the two assays can detect insecticide resistance, they may not be 
used interchangeably. While the diagnostic dose in the WHO susceptibility 
test does not allow for detecting shifts at low or extreme resistance 
levels, time-to-knockdown measured in the CDC bottle assay is a poor 
predictor of 24 hours mortality. Therefore, dose-response assays could 
provide the most flexibility. New standardized bioassays are needed that 
produce consistent dose-response measurements with a minimal number 
of mosquitoes.

1234
ENVIRONMENTALLY FRIENDLY USE TOOL TO CONTROL 
MOSQUITO POPULATIONS WITHOUT RISK OF INSECTICIDE 
RESISTANCE: THE LEHMANN’S FUNNEL ENTRY TRAP

Abdoulaye Diabate1, Roger Sanou1, Lea Pare/Toe1, Roch K. 
Dabire1, Frederic Tripet2, Enrico Prenna3, Annette Habluetzel3, Jim 
Lavery4

1IRSS/Centre Muraz, Bobo-Dioulasso, Burkina Faso, 2Keele University, 
Keele, United Kingdom, 3University of Camerino, Camerino, Italy, 
4University of Toronto, Toronto, ON, Canada

Malaria vector control needs ground-breaking approaches to complement 
existing tools and accelerate our global efforts toward the disease 
elimination. For decades malaria vector control in Africa has relied on 
IRS and LLINs, both of which operate within houses. The emergence and 
spread of insecticide resistance and changes in vector biting behaviour 
have seriously challenged these conventional tools/strategy and there is 
an urgent call for innovation. Malaria vectors present several vulnerable 
points during their life cycle that can be exploited to tackle them, but 
they have seldom been investigated. Here we exploit the inherent feeding 
behaviour of malaria vectors inside houses to design an environmentally 
friendly use trap to cut down the high reproductive rate of mosquitoes. 
The Lehmann’s trap needs no insecticide and it combines the function of 
killing and blocking entry into houses. Preliminary studies conducted in 
two ecological settings in Burkina Faso has indicated that the trap could 
reduce mosquito density by up to 80% in houses and has the potential 
to swift population structure by cumulatively killing old females that are 
epidemiologically dangerous. Here we focus on improving the trap design 
for improved performance and end user acceptability and standardized 
product specifications to enable broad manufacturing. There is a global 
consensus that new intervention tools are needed to cross the last miles 
in malaria elimination and the Lehmann’s trap can contribute to fill this 
gap. It showed an excellent promise in suppressing mosquito densities 
even in area of high insecticide resistance. It requires no chemicals, is self-
operational and it stands from its simplicity.

1235
ENTOMOLOGICAL SURVEILLANCE SYSTEM IN ZANZIBAR: 
CONTRIBUTIONS TO MALARIA ELIMINATION EFFORTS ON 
THE ISLANDS

Juma Hassan Mcha1, Bakar O. Khatib1, Khamis A. Haji1, Abdullah 
S. Ali1, Mahdi M. Ramsan2, Stephen M. Magesa2, Jeremiah M. 
Ngondi2, Silas Majembere3

1Zanzibar Malaria Elimination Programme, Zanzibar, United Republic of 
Tanzania, 2RTI International, Dar es Salaam, United Republic of Tanzania, 
3Ifakara Health Institute, Dar es Salaam, United Republic of Tanzania

Malaria vector surveillance is important for planning and implementation 
of evidence-based vector control interventions. In Zanzibar transition 
from malaria control to elimination stage has been complicated by the 

changing ecology and behaviour of local mosquito populations. Studies 
conducted by the Zanzibar malaria elimination program (ZAMEP) in 22 
sentinel surveillance sites, (10 in Pemba and 12 in Unguja) from 2007 to 
2014 show that malaria transmission is probably mediated by Anopheles 
arabiensis. This vector feeds more on the bovine 72% rather than on 
human (8%) in Pemba. The behavioral patterns of different species (An. 
fanestus, An. arabiensis and An. gambiae) has maintained ongoing 
malaria transmission in hotspot sites in Unguja Island. Historically, malaria 
transmission has been dominated by vector species that primarily feed 
and rest indoors, where they can be efficiently targeted with long lasting 
insecticidal nets (LLINs) and indoor residual spraying (IRS). Following 
universal coverage of vector control through LLINs and IRS, majority 
of bites are now out-doors (91% and 55% in Pemba and Unguja, 
respectively). There is growing evidence across the islands that the 
widespread use of LLINs and IRS is driving vector species composition 
toward those with more flexible behaviour such as An. arabiensis. This 
could not only prevent the achievement of elimination, but also undermine 
the continued effectiveness of interventions. Therefore LLINs and IRS 
will need to be supplemented by other vector control interventions to 
reduce mosquito-human contact. In addition, enhanced entomological 
surveillance will be important to target appropriate vector control 
interventions. Monitoring vectors to identify foci of transmission during 
the elimination phase can be challenging as estimate of most factors of 
vectorial capacity become extremely difficult due to the very small number 
of infected vectors, as a result of control interventions. Nonetheless, at 
least monitoring of larval and adult vector densities is important and 
should be an integral part of all elimination efforts.

1236
THE USE OF ENDECTOCIDES IN CATTLE TO CONTROL 
OUTDOOR RESIDUAL MALARIA TRANSMISSION IN WESTERN 
KENYA

Saul Lozano-Fuentes1, Rebekah Kading1, Daniel Hartman1, 
Edward Okoth2, Naftaly Githaka2, Vish Nene2, Richard Poche1

1Genesis Laboratories, Wellington, CO, United States, 2International 
Livestock Research Institute, Nairobi, Kenya

The opportunistic blood feeding behavior of malaria vector species such as 
Anopheles arabiensis Patton complicates vector control by conventional 
methods such as indoor residual spraying and insecticide treated nets. The 
objective of this research was to evaluate the efficacy of the insecticidal 
active ingredients eprinomectin and fipronil, at reducing malaria vector 
abundance when applied to cattle (Bos indicus) in a small scale field study. 
Pilot studies were carried out in the Samia District of western Kenya during 
2014-2015. Treatment and control areas were allocated by a randomized 
block design comprised of 50 homes per area. Prior to cattle treatments, 
baseline mosquito collections were performed by pyrethrum spray catch 
or backpack aspiration. For the eprinomectin trial, cattle in the treatment 
area were administered topical applications of eprinomectin at 0.5 mg/kg 
once per week for two consecutive weeks. For the fipronil trial, cattle were 
dosed once orally with fipronil at 0.5 mg/kg body weight. Post-treatment 
mosquito collections were performed weekly for two weeks following 
the eprinomectin treatments, and for four weeks following the fipronil 
treatment. Mosquitoes were identified morphologically, and screened 
for molecular species identification, sporozoite presence, and blood host 
by PCR-based methods. For the eprinomectin trial, the indoor resting 
density of An. arabiensis was significantly lower (95% probability) in the 
treatment area compared to the control area one week post-treatment, 
representing a significant reduction in the indoor resting population of 
this species by 32%. Two weeks post-treatment with eprinomectin, the 
number of mosquitoes per hut was not significantly different between 
the treatment and control areas. Additional entomological parameters will 
be presented, as well as the results of the fipronil field trial. Endectocidal 
treatment of cattle has the potential to significantly impact residual, 
outdoor malaria transmission driven by An. arabiensis and is an important 
tool to supplement existing vector control interventions which target more 
anthropophilic species.
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1237
DEPLOYMENT OF OPTIMAL-DOSE, VOLATILE PYRETHROIDS 
FOR THE PREVENTION OF BITING AND DISEASE 
TRANSMISSION BY INSECTS

Gregor J. Devine1, Scott A. Ritchie2, Gissella M. Vasquez3, 
Jonathan Darbro1, Lisa M. Rigby1, Craig A. Stoops3

1QIMR Berghofer Medical Research Institute, Brisbane, Australia, 2James 
Cook University, Cairns, Australia, 3U.S. Naval Medical Research Unit - 6, 
Lima, Peru

Existing vector control tools are compromised by coverage, cost, insecticide 
resistance and human compliance. Outdoor biting insects are particularly 
hard to target. Fast, flexible, safe methods of insecticide delivery, 
offering dramatic decreases in biting, across a range of environments, 
are highly desirable. An under-exploited group of volatile pyrethroids 
offers considerable potential in this regard. Passive formulations of 
odourless, polyfluorinated compounds, applied at optimal doses, can stop 
mosquitoes biting and may therefore have profound effects on disease 
transmission. We demonstrate the potential of metofluthrin, transfluthrin 
and heptafluthrin to deliver dramatic protection from bites via a mixture of 
lethal and confusant effects on knock down, mortality, host-seeking and 
probing. In real-world, well-ventilated rooms, >40% of Aedes aegypti 
mosquitoes were knocked down and > 80% of bites were prevented 3 
metres from a passive device that used neither heat nor power and that 
remained effective for >20 days (10% metofluthrin w/w). In salt marsh 
habitats, 3m3 tents baited with humans and containing the same device 
contained just 5% of the mosquitoes (Aedes vigilax) that were collected 
from unprotected baited tents. None of those remaining mosquitoes 
attempted to bite. In the same salt marshes, simple candle formulations 
of another volatile, heptafluthrin (5% w/w), reduced light-trap and 
human landing catches by >93% in close proximity (1.5m) downwind of 
the candles. Importantly, these compounds may be largely unaffected by 
conventional pyrethroid-resistant mechanisms. Strongly permethrin and 
lambdacyhalothrin resistant Aedes aegypti were as behaviourally affected 
as fully susceptible insects in the presence of sublethal metofluthrin doses. 
Neither have we observed any evidence of true repellency (orientation 
away from the volatile point source) from the formulations that we 
tested (3-10% w/w). This suggests that treatment of one area by these 
compounds does not simply redistribute vectors to unprotected zones.

1238
SUB-LETHAL EFFECTS OF INSECTICIDES: CONSEQUENCES 
FOR MALARIA VECTOR CONTROL

Mafalda Viana1, Jason Mathiopoulos1, Angela Hughes2, Hilary 
Ranson2, Heather Ferguson1

1University of Glasgow, Glasgow, United Kingdom, 2University of Liverpool, 
Liverpool, United Kingdom

Insecticides have been the most effective and widespread control strategy 
for vector-borne diseases. Increasing levels of insecticide resistance in 
malaria vectors across Africa and Asia have potential to threaten the 
effectiveness of this control strategy. These fears stem from observed 
declines in the proportion of mosquitoes killed on immediate contact 
with treated surfaces. However, the epidemiological consequences of 
this resistance may be lower than expected if mosquitoes that survive 
direct contact with insecticides suffer a reduction in longer-term fitness 
(sub-lethal effects). Sub-lethal effects could manifest either as reduced 
long-term survival, and/or reproduction through changes to their egg 
production or larval development. Here we investigate the potential 
epidemiological impact of sub-lethal effects of insecticides as expected 
to arise from long lasting insecticide treated bednets. Using data from 
laboratory experiments in which the survival of African malaria vectors 
that survived initial contact with insecticide was measured, we extend 
traditional survival and transmission models to include age structure 
and investigate immediate and age-specific long lasting effects of the 

interventions. Our aim is to illustrate if and by what extent current 
estimates of the detrimental impacts of insecticide resistance on malaria 
vector control may be overestimated by the existence of sub-lethal effects.

1239
DO HOLES IN LONG LASTING INSECTICIDAL NETS 
COMPROMISE THEIR EFFICACY AGAINST PYRETHROID 
RESISTANT ANOPHELES GAMBIAE AND CULEX 
QUINQUEFASCIATUS? RESULTS FROM A RELEASE-
RECAPTURE STUDY IN EXPERIMENTAL HUTS

Olivier J. Briet1, Sanjiarizaha Randriamaherijaona2, Sébastien 
Boyer2, Aziz Bouraima3, Raphael N’Guessan4, Christophe Rogier2, 
Vincent Corbel5
1Swiss Tropical and Public Health Institute, Basel, Switzerland, 2Institut 
Pasteur de Madagascar, Antananarivo, Madagascar, 3Centre de Recherches 
Entomologiques de Cotonou, Cotonou, Benin, 4London School of Hygiene 
& Tropical Medicine, London, United Kingdom, 5Institut de Recherche pour 
le Développement, Montpellier, France

Experimental hut and observational studies in Benin show that pyrethroid 
resistance reduces the insecticidal effect and personal protection of long 
lasting insecticidal nets (LLINs) especially when they become torn. The 
World Health Organization has proposed a threshold for when nets 
are “too torn” at 1,000 cm2. This study examines whether there is a 
threshold above which LLINs don’t reduce malaria transmission by resistant 
mosquitoes. Intact and artificially holed LLINs and untreated nets were 
tested by releasing mosquitoes from a susceptible Anopheles gambiae 
colony, a local pyrethroid-resistant An. gambiae population and a local 
resistant Culex quinquefasciatus population in closed experimental huts 
in Benin. The efficacy of LLINs and untreated nets was evaluated in terms 
of protection against blood feeding, insecticidal effect and potential effect 
on malaria transmission. Personal protection by both LLINs and untreated 
nets decreased exponentially with increasing holed surface area, without 
evidence for a specific threshold beyond which LLINs could be considered 
as ineffective. The insecticidal effect of LLINs was lower in resistant 
mosquitoes than in susceptible mosquitoes, but holed surface area had 
little or no impact on the insecticidal effect of LLINs. LLINs with 22,500 
cm2 holed surface area and target insecticide content provided a personal 
protection of 0.60 (95% CI: 0.44-0.73) and a low insecticidal effect of 
0.20 (95% CI: 0.12-0.30) against resistant An. gambiae. Nevertheless, 
mathematical models suggested that if 80% of the population uses such 
nets, they could still prevent 94% (95% CI: 89-97%) of transmission 
by pyrethroid-resistant An. gambiae. Even though personal protection 
by LLINs against feeding mosquitoes is strongly reduced by holes, the 
insecticidal effect of LLINs is independent of the holed surface area but 
strongly dependent on insecticide resistance. Badly torn nets that still 
contain insecticide have potential to reduce malaria transmission. The 
relationship between LLIN integrity and efficacy needs to be understood in 
order to guide LLIN distribution policy.

1240
GENETIC MODIFICATION OF PARASITE ANTIGEN RESCUES 
HOST DENDRITIC CELL ACTIVATION

Jessica S. Duprez1, Marjorie Besançon2, Judith E. Allen2, David W. 
Taylor1, Simon A. Babayan3

1Division of Pathway Medicine, School of Biomedical Studies, University 
of Edinburgh, Edinburgh, United Kingdom, 2Institute of Immunology, 
Infection, and Immunity, University of Edinburgh, Edinburgh, United 
Kingdom, 3Institute of Biodiversity, Animal Health and Comparative 
Medicine, University of Glasgow, Glasgow, United Kingdom

Filarial nematodes establish chronic infections by suppressing the host’s 
immune system. Successful DNA vaccination using the Litomosoides 
sigmodontis model demonstrated that immunisation targeting 
suppressive molecules such as the abundant larval transcript-1 (Ls-ALT) and 
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the cysteine protease inhibitor-2 (Ls-CPI), can increase immune responses 
during subsequent infection and consistently reduce the production of 
microfilariae two months post first exposure to the parasite. However, 
because protective effects of these vaccines are only detected during late 
stages of the infection, it remains unclear how these vaccines push the 
immune system into a more protective phenotype before exposure to the 
parasites. Since dendritic cells (DC) play a key role in initiating adaptive 
immune responses, and as homologues of Ls-CPI have previously been 
shown to interfere directly with antigen presentation and DC activation, 
we decided to examine the effects of vaccines containing either Ls-CPI 
or the modified, functionally impaired, Ls-CPIm on DC activation in vitro 
and in vivo. Surface activation marker CD86 expression was increased 
on DC from Ls-CPIm- but not in Ls-CPI-immunised mice. The functional 
significance of these effects was then assessed by allowing bone-marrow 
derived DC (BMDC) to prime T cells in vitro: prior to the addition of T 
cells, BMDC loaded with Ls-CPIm produced more IL-12 and IL-6, and less 
IL-10, than BMDC loaded with Ls-CPI. Co-culture with naive T cells showed 
increased CD86 and MHC-II expression on BMDC, and increased IL-12 
and IL-6 production with Ls-CPIm as compared to Ls-CPI. We are now 
investigating if the increased DC activation also corresponds to an increase 
in T cell activation, and whether it has an effect on Th2 polarization. So 
far we demonstrate the importance of DC activation before the onset of 
infection and provide an insight on how anti-filarial vaccines can achieve 
protection.

1241
CHRONIC LITOMOSOIDES SIGMODONTIS INFECTION 
IMPROVES BACTERIAL SEPSIS OUTCOME VIA TLR2 
DEPENDENT MACROPHAGE MODULATION

Fabian Gondorf1, Afiat Berbudi1, Benedikt C. Buerfent1, Jesuthas 
Ajendra1, Dominique Blömker2, Sabine Specht1, David Schmidt1, 
Anna-Lena Neumann1, Laura E. Layland1, Achim Hoerauf1, Marc P. 
Hübner1

1University Hospital of Bonn, Bonn, Germany, 2University Hospital of Essen, 
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Immunomodulation by the filarial nematode Litomosoides sigmodontis 
(L.s.) has been demonstrated to improve various inflammatory 
disorders including autoimmune diseases and allergy. In the current 
study we investigated whether chronic L.s. infection reduces E. coli-
induced acute, systemic inflammatory immune responses as they occur 
during sepsis. Chronic L.s.-infected BALB/c mice had a milder E. coli-
induced hypothermia, diminished systemic pro-inflammatory cytokine 
concentrations and improved bacterial clearance compared to E. coli-
only challenged controls and led to an increased sepsis survival. Analysis 
of peritoneal macrophages from E. coli-challenged L.s.-infected mice 
further revealed a reduced macrophage activation and apoptosis as well 
as an improved phagocytosis. Peritoneal macrophages were essential 
for the improved sepsis outcome, as L.s.-mediated protection was lost 
in clodronate liposome treated mice. Wolbachia endosymbionts of L.s. 
express lipoproteins that activate mononuclear cells via TLR2. In vitro 
priming of macrophages with L.s. extract reduced macrophage activation 
in a TLR2 and Wolbachia dependent manner and PCR array analysis 
further showed that negative regulators of TLR/NFkB signaling were 
upregulated in macrophages of E. coli-challenged, L.s.-infected mice. 
Transfer of in vivo and vitro modulated macrophages improved sepsis 
outcome in a TLR2 and Wolbachia-dependent manner and L.s. infection 
of TLR2 deficient mice did not improve macrophage phagocytosis and E. 
coli challenge resulted in an increased bacterial load, exacerbated systemic 
inflammation and sepsis caused death. Taken together this study suggests 
that macrophage modulation by L.s. infection has a dual beneficial effect 
on bacterial sepsis, reducing systemic inflammatory immune responses and 
improving bacterial clearance.

1242
MATERNAL PARASITIC INFECTIONS DURING PREGNANCY 
AND SPECIFIC ANTI-PARASITE CYTOKINE RESPONSES IN 
CORD BLOOD ARE ASSOCIATED WITH IMPAIRED VACCINE 
EFFICACY IN KENYAN INFANTS

Indu Malhotra1, Peter Mungai1, Maxim McKibben1, Laura J. 
Sutherland1, Eric Muchiri2, Nathsan Morris1, Charles H. King1, 
Christopher L. King1, A. Desiree LaBeaud3
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of Vector Borne Diseases, Nairobi, Kenya, 3Stanford University, Stanford, 
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We have shown that antenatal malaria and helminth infections impair the 
IgG antibody response to Haemophilus influenzae (Hib) and diphtheria 
toxoid (DT) among infants. We have also shown that soluble products 
of these chronic parasitic infections can cross the placenta and induce 
a spectrum of immune responses in the fetus, which persist into early 
childhood and may impair early childhood response to vaccines. To 
examine this possibility we investigated whether prenatal exposure to 
helminth and malaria infections and subsequent T cell response in cord 
blood lymphocytes (CBL) affect the infant immune response to Hib and 
DT. 450 Kenyan mother/infant pairs were enrolled in the study and tested 
for lymphatic filariasis (LF), urogenital schistosomiasis and malaria. The 
newborns were followed every 6 months from birth to 3 years of age and 
plasma was tested for PRP-specific (induced by Hib) and DT-specific IgG 
at each time point. IFN-Υ, IL5, IL13, IL10, IL6 and TNF-α recall responses 
were evaluated in CBL to blood stage malaria antigens (Plasmodium 
falciparum), Schistosoma antigen (SWAP), and filarial antigen 
(BMA). Overall, 79% of the mothers were infected with LF, urogenital 
schistosomiasis and/or malaria. There was a spectrum of immune 
responses in cord blood lymphocytes that included pro-inflammatory 
responses characterized by predominantly IL-6 and TNFa production, 
a Th2-type phenotype (predominantly IL5 and/or IL13) or regulatory 
responses (IL10). Using a generalized estimating equation analysis, parasite 
antigen-induced pro-inflammatory responses were associated with 
markedly reduced DT-specific IgG levels (p=0.02 to 0.0003), and regulatory 
responses were associated with reduced DT-specific IgG, p=0.0007. 
By contrast, parasite-specific Th2-type responses were associated with 
enhanced DT-specific IgG (0.02 to 0.0007) and PRP-specific IgG (p=0.027 
to 0.046). Thus, the type of fetal immune response acquired to parasite 
antigens in utero may persist into early infancy and modulate IgG levels to 
childhood vaccines.

1243
MASS DRUG ADMINISTRATION WITH PRAZIQUANTEL 
BOOSTS ANTI-SCHISTOSOME PROTECTIVE ANTIBODY 
RESPONSES IN SCHOOL CHILDREN FROM WESTERN KENYA

Eric M. Ndombi1, Diana Riner2, Bernard Abudho3, Nupur Kittur2, 
Horace Ochanda1, Yeuk-Mui Lee4, Colin M. M. Fitzsimmons5, 
David W. Dunne5, William E. Secor4, Diana M. Karanja6, Daniel G. 
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1University of Nairobi, Nairobi, Kenya, 2University of Georgia, Athens, 
GA, United States, 3Maseno University, Kisumu, Kenya, 4Centers for 
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of Cambridge, Cambridge, United Kingdom, 6Kenya Medical Research 
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Most countries where schistosomiasis is prevalent have intensified efforts 
to control the disease through annual mass drug administration (MDA) 
using praziquantel. The main target of MDA programs are school-age 
children as recommended by the World Health Organization (WHO). 
However, the effect of annual MDA on schistosome-specific immune 
responses in this age group has not been investigated. About thirty 
children per class (total of 314, age range 6-18) were recruited from 4 
primary and secondary schools in Rarieda, Siaya County, western Kenya. 
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Venous blood was collected, and plasmas were prepared. Thereafter, MDA 
was carried out in the four schools. One year later, follow-up samples were 
collected from 98 children (ages 7 to 13) who had received treatment. 
Total IgG, IgG4 and IgE antibody responses to schistosome crude egg 
(SEA) and adult (SWAP) antigens as well as the recombinant Schistosoma 
mansoni Tegument-Allergen-Like (SmTAL) proteins, SmTAL-1, SmTAL-2, 
and SmTAL-5 were assayed by ELISA. Treatment increased the number of 
responders to SEA and mean anti-SEA IgE levels while decreasing mean 
anti-SWAP and anti-SEA IgG4. Moreover, there was a more robust IgE 
response to TAL-1 (a surrogate for resistance) in older children at baseline 
and a general increase in the percentage of children with IgE responses to 
TAL-1 after treatment. Additionally, following MDA there was a striking 
decrease in mean anti-SmTAL 5 IgE, which is expressed in cercariae and 
worms but not eggs. However, there was a significant boost in mean IgG4 
levels against anti-SmTAL 2 (an egg-specific antigen), in all age groups 
after treatment. The most notable finding from this study is that MDA 
boosts IgE responses and tends to increase the number of responders in 
younger age-groups. IgE is associated with resistance to reinfection in 
schistosomiasis; thus, our data suggest that MDA, in addition to treating 
current infections, may help protect children from subsequent infection.

1244
IMMUNE RESPONSE OF INNATE LYMPHOID CELLS IN HUMAN 
FILARIAL INFECTIONS

Sandra Bonne-Annee, Thomas B. Nutman
National Institutes of Health, Bethesda, MD, United States

The CD4+ T cell response in acute filarial infection is characterized by 
an expansion of IL-4-producing (Th2-associated) cells that gradually 
contracts with longstanding infection. The factors involved in initiating 
this Th2 expansion are still not completely understood, but certainly 
involve innate lymphoid cells (ILCs). Previously, we have shown that a 
subset of human ILCs that express CD117 (cKit) were expanded during 
relatively acute filarial infections. With better definition of human 
lineage negative (Lin-) ILCs consisting of 3 distinct subsets: ILC1s (Lin-
CD45+CD127+cKit-NKp44-), ILC2s (Lin-CD45+CD127+CRTH2+) 
and ILC3s (Lin-CD45+CD127+cKit+NKp44-/+), we have established 
standardized protocols using multiparameter flow cytometry and analyzed 
the frequency and composition of ILCs in human whole blood (n=45) and 
human skin (n=6) from healthy donors. Under homeostatic conditions, 
human blood is dominated by ILC1 (Geometric Mean (GM) 59%) whereas 
the remainder is split almost equally between ILC2 (GM=22%) and ILC3s 
(GM=19%). In contrast, human skin has a quite different ILC composition 
with more than 29% ILC2s, 26% ILC3s and 13%ILC1s; the remaining 
32% of the ILCs in the skin were “unclassifiable” in that they were Lin-
CD45+CD127+ but CRTH2-NKp44-ckit-. When these more clearly defined 
definitions of ILC populations were examined in relatively acutely infected 
patients with filarial infections (microfilariae [mf] positive) and uninfected 
controls we found that the filarial-infected individuals had a marked (up 
to 5-fold) increased frequency of ILCs compared to uninfected individuals. 
Surprisingly, the composition of expanded ILC subsets in filarial infected 
individuals were largely ILC3s (63%) with ILC1s (22%), ILC2s (9%) and 
“unclassifiable” (6%) making up the rest. Studies are currently underway 
to determine if ex vivo exposure to live mf (found in the blood) or L3 
parasites (that transit through the skin) directly (or indirectly) drive CD4+ T 
cell subset differentiation through parasite-induced ILC activation.

1245
A NEWLY IDENTIFIED ROLE FOR IL-22 IN BLADDER 
IMMUNITY

Jared Honeycutt1, Michael H. Hsieh2

1Stanford University, Stanford, CA, United States, 2Biomedical Research 
Institute, Rockville, MD, United States

In contrast to mechanisms demonstrated in the gut and lung, it is currently 
unclear how inflammatory pathways in the urinary tract contribute to host 

protection and pathology during parasitic or bacterial infection. Recent 
reports indicate that interleukin-22 (IL-22) is a key cytokine supporting 
epithelial immunity while its improper regulation may contribute to 
pathologies such as fibrosis and cancer. We hypothesized that IL-22 may 
have a role in bladder immunity during Schistosoma haematobium and 
E.coli infections. IL-22-null (KO) and wild type (wt) female mice underwent 
bladder wall injection with S. haematobium eggs or transurethral 
infection with type 1 piliated uropathogenic E. coli UTI89. Levels of IL-22 
and its soluble binding protein, IL-22BP, were increased in the bladder 
after exposure to S. haematobium eggs. Genes typically induced by IL-
22 were expressed at higher levels after S. haematobium egg injection. 
IL-22 receptor α1 expression was detectable in the urothelium by 
immunofluorescence and qPCR. Injection of S. haematobium eggs into 
IL-22-KO vs wt mice resulted in differential expression of genes related 
to glutathione transferase activity, transferase activity, and epithelial cell 
development. Numerous genes for the uroplakins and Wnt/Hedgehog 
pathways were downregulated in egg-injected, IL-22-KO mice relative to 
their wt counterparts. These changes suggest that, as in the gut, IL22 is 
important for replenishing the bladder epithelial lining during infection-
related injury. IL-22-KO and wild-type littermate mice were transurethrally 
infected with UTI89, which uses the adhesin FimH to adhere to mature 
urothelial cells. IL-22-KO mice had lower bacterial counts in their urine, 
bladder, and kidneys. Giving stabilized IL-22 cytokine (IL-22-Fc) to 
UTI89-infected mice led to higher kidney bacterial counts and increased 
morbidity. Our data suggest that IL-22 is indeed important in urinary tract 
immunity and may interfere with clearance of bacteria from the urinary 
tract, potentially through its role in maintenance of mature urothelium.

1246
PAN-AMERICAN MIGRATION PROMOTES THE SPREAD OF 
PATHOGENIC TRYPANOSOMA CRUZI HYBRID STRAINS

Louisa A. Messenger1, Juan-David Ramirez2, Martin S. Llewellyn1, 
Felipe Guhl3, Michael A. Miles1

1London School of Hygiene & Tropical Medicine, London, United Kingdom, 
2Universidad del Rosario, Bogota, Colombia, 3Universidad de Los Andes, 
Bogota, Colombia

The principal reproduction strategy of Trypanosoma cruzi, the 
aetiological agent of Chagas disease, is the subject of an intense, decades-
old debate. Despite the existence of two recent natural hybrid lineages 
(TcV and TcVI), which are sympatric with severe disease in southern 
endemic areas, a pervasive view is that recombination has been ‘restrained’ 
at an evolutionary scale and is of little epidemiological relevance to 
contemporary parasite populations. With improved sampling strategies, 
the geographical distribution of TcV and TcVI appears to be expanding. 
High resolution nuclear and mitochondrial genotyping of potential 
hybrid isolates from domestic vectors and human infections in Colombia 
was undertaken, in comparison to representative strains from across 
South America, to resolve their putative status as novel recombinants. 
All suspected Colombian hybrids were highly heterozygous, minimally 
diverse and possessed intact parental alleles at each loci. Compared to 
local Colombian isolates, hybrids were distinct from, but more closely 
related to, those identified in southern reference TcVI strains. Based on 
independent inheritance patterns of microsatellite loci, our data support 
the hypothesis that two recombination events led to the formation of TcV 
and TcVI. However, more private alleles among Colombian hybrids and 
the sharing of mitochondrial haplotypes between southern TcV isolates 
and a Colombian TcVI strain, suggests the evolution of these recombinant 
lineages may be more complicated than previously assumed. The origin of 
these Colombian hybrids is unclear; they are unlikely to be predecessors 
of southern TcVI strains, but were also not clear descendants, and may 
instead represent a sibling group, which diverged and anthroponotically 
dispersed northwards, following a single hybridization event between 
heterozygous southern TcII and TcIII isolates. We discuss the important 
implications the geographical range expansion of TcVI has for emergent 
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human Chagas disease in Colombia, considering the successful, epidemic 
establishment of this low-diversity genotype among domestic transmission 
cycles in the South.

1247
GENOTYPING OF TRYPANOSOMA CRUZI DNA IN BLOOD 
SAMPLES FROM AUTOCHTHONOUS CHAGAS DISEASE 
PATIENTS FROM SOUTHEASTERN AND CENTRAL TEXAS

Claudia P. Herrera1, Melissa N. Garcia2, Rodion Gorchakov2, Sarah 
Murphy2, Pierre Buekens3, Kristy O. Murray2

1Tulane University, School of Public Health and Tropical Medicine, 
Department of Tropical Medicine, Vector-Borne Infectious Disease Research 
Center, New Orleans, LA, United States, 2Baylor College of Medicine, 
Houston, TX, United States, 3Tulane University, School of Public Health and 
Tropical Medicine, New Orleans, LA, United States

The parasitic protozoa Trypanosoma cruzi, the causative agent of Chagas 
disease, represents a major public health problem in Latin America. 
Although the United States was initially defined as non-endemic for 
Chagas disease due to the rarity of human cases, T. cruzi has now been 
amply demonstrated as enzootic in different regions of the Southern 
United States. Recently our group described the first newly identified 
geographic clustering of locally-acquired human infections in the Southern 
US. This study focused on the molecular identification and genotyping of 
T. cruzi in human blood samples collected from autochthonous Chagas 
disease patients in Southeastern and Central Texas. T. cruzi infection 
was determined by standard PCR using primers specific for the minicircle 
variable region of the kinetoplastid DNA with the primers 121-122 and 
the highly repetitive genomic satellite DNA with the primers TcZF-R. 
Genotyping of discrete typing units (DTUs) was performed by amplification 
of mini-exon using a set of three primers, reported by different authors, 
to evaluate the sensitivity in the DTUs detection. We found a higher than 
expected percentage of blood samples positive by PCR for T. cruzi using 
two different DNA markers. The kDNA marker was more sensitive than the 
satDNA marker. Of the PCR positive samples, we were able to genotype 
approximately half. Single infection with TcI DTU and mixed infection 
with TcI and non-TcI DTUs were detected in a minority of the samples. 
Single infection with the non-TcI DTU was detected in the majority of 
the samples. Sequencing is currently underway to classify the non-TcI 
DTUs. Cardiac findings were measured by electrocardiogram (ECG), and 
classified using current clinical guidelines for Chagas cardiac related ECG 
abnormalities. Cardiac morbidity was prevalent and associated with both 
TcI and non-TcI DTU types. The novel results of this study provide a unique 
insight into the distribution of locally circulating DTUs for enhanced 
diagnosis of Chagas disease in the Southern US. Additionally, our findings 
provide supporting evidence that the circulating DTUs are competent 
causes of cardiac morbidity.

1248
ESTIMATING THE BURDEN OF CHAGAS DISEASE IN THE 
UNITED STATES

Jen Manne-Goehler1, Chukwuemeka Umeh2, Veronika J. Wirtz2

1Beth Israel Deaconess Medical Center, Boston, MA, United States, 2Boston 
University School of Public Health, Boston, MA, United States

With changing human migration patterns, the burden of Chagas disease 
in the United States has increased. The most recent prevalence estimate 
for Chagas disease in the US was created in 2009. The objective of this 
study is to provide an update of the current national case estimate for 
Chagas disease in the US and, for the first time, to estimate the number 
of cases at the state level and analyze the epidemiologic data on cases 
diagnosed and treated from 2007-2013. State-level estimates of Chagas 
disease cases were computed using State-Level Foreign-Born Hispanic 
Population Estimates by single Country of Origin group from the 2012 
American Community Survey for a five-year period (2008-2012) and 
country prevalence estimates from the World Health Organization. 

Geographic Information Systems was used to compare the distribution 
of estimated cases in each state to the number of infections identified 
in the donated blood supply from 2007-2013 per data from the AABB 
(formerly American Association of Blood Banks) and treatment releases 
of benznidazole and nifurtimox over the same period per data from 
the US Centers for Disease Control and Prevention. The results of this 
analysis show an updated national estimate of 243,048 cases of T. cruzi 
infection in the United States. The state level results show four states with 
over 10,000 cases and an additional two states with over 5,000 cases. 
Moreover, since 2007, the AABB has confirmed 1,908 cases of T. cruzi 
infection in the donated blood supply and the CDC has released treatment 
for 422 infected patients over this same period. In conclusion, this study 
demonstrates a decreased but still substantial burden of Chagas disease 
in the US at the national level and offers the first state level prevalence 
estimates for Chagas disease. We show a geographically focal burden and 
one that is largely but not completely congruent with confirmed cases 
in the US blood supply. Finally, this study not only lends important new 
insight into the distribution of this disease in the US but also suggests 
the need for greater study and resources to support both screening and 
treatment.

1249
BUILDING AN INVENTORY OF THE HEALTH FACILITY 
INFRASTRUCTURE IN COUNTRIES WITH ENDEMIC SLEEPING 
SICKNESS FOR TARGETING DIAGNOSTIC RESOURCES

Paul R. Bessell1, Sylvain Biéler2, Joseph M. Ndung’u2

1Epi Interventions Ltd., Edinburgh, United Kingdom, 2FIND, Geneva, 
Switzerland

Human African Trypanosomiasis (HAT) is a highly debilitating vector born 
disease that is endemic in a number of Sub-Saharan African countries. It 
is important to identify cases early in infection when clinical signs can be 
mild but the highly toxic and onerous treatment makes it vital to obtain 
the correct diagnosis. Being forced to travel long distances can form 
a barrier to reporting and diagnosis, whilst poorly targeted resources 
can result in an infrastructure that is difficult to maintain and support. 
Therefore, in order to correctly target HAT diagnostics, it is necessary to 
have up to date information on the location and capacity of diagnostic 
facilities. To collect these data, we worked with HAT control programmes 
in 8 African nations to compile databases of health infrastructure in their 
HAT foci. Data collected include the location, equipment and staffing 
resources and history of diagnosing HAT cases. Facilities in foci in Uganda, 
Tanzania, Nigeria and Guinea have been mapped entirely, whilst in South 
Sudan, Chad and the DRC, the foci with the greatest prevalence have 
been characterised. In total, detailed data has been collected on 4803 
facilities. The data have been used to inform HAT elimination programs in 
all countries except Tanzania through the delivery of enhanced diagnostics 
in an integrated hierarchical structure in the passive surveillance systems. 
As part of these programs, 1310 facilities have been equipped with 
new rapid diagnostic tests, 53 with new fluorescence microscopes and 
13 large facilities with loop mediated isothermal amplification of DNA 
(LAMP) incubators. This required the selection of appropriate facilities for 
improvement of diagnostics to ensure full coverage of the population at 
risk and on-going monitoring of diagnostic activities at the facilities. By 
improving HAT screening infrastructure in all levels of health systems, new 
cases have been identified through passive surveillance in participating 
countries. Crucial to this surveillance model is the detailed characterisation 
of health facilities. These data are owned by the countries and can be used 
for general management of healthcare provision.
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FEASIBILITY OF ELIMINATING VISCERAL LEISHMANIASIS 
FROM THE INDIAN SUBCONTINENT

Epke A. le Rutte1, Luc E. Coffeng1, Daniel M. Bontje1, Epco C. 
Hasker2, Rinke C. Hoekstra1, Roel Bakker1, Marleen Boelaert2, Sake 
J. de Vlas1

1Erasmus MC, Rotterdam, Netherlands, 2Institute of Tropical Medicine, 
Antwerp, Belgium

The neglected tropical disease visceral leishmaniasis (VL), transmitted by 
sand flies, is set for elimination as a public health problem on the Indian 
subcontinent (ISC) by 2017 (incidence of symptomatic cases <1/10,000 at 
(sub)district level). ISC-countries are committed to reaching this ambitious 
target and have set different intervention strategies, mainly focusing on 
early detection and treatment of symptomatic VL cases as well as vector 
control. We developed a mathematical model to investigate whether 
elimination may be achieved with current strategies, and what additional 
interventions might be required. Based on an existing model we created 
a deterministic compartmental model as well as a stochastic individual-
based (IBM) variant. The IBM includes individual heterogeneities regarding 
exposure to the sand fly and health seeking behavior. Also, it allows for 
estimating elimination probabilities under the selected strategies. The 
model was fitted to the KALANET dataset from the highly endemic Bihar 
region (India) and was tuned to predict different transmission scenarios 
(degree of endemicity, and equilibrium or outbreak situation). Our 
model predictions suggest that the target incidence of <1/10,000 can be 
achieved with the selected strategies for districts that currently experience 
endemicity levels at or below 10/10,000. Settings with higher baseline 
endemicities require additional efforts such as increased screening. 
Further, our simulations suggest that patients with post kala-azar dermal 
leishmaniasis, which occurs months to years after symptomatic VL, may 
serve as a reservoir of infection when nearing the elimination target. Our 
findings are robust against alternative assumptions about duration of 
immunity and infectiousness of different disease states (e.g. asymptomatic 
infection). We conclude that elimination of VL on the ISC is feasible for 
most regions with current strategies, but the duration of control and 
monitoring and evaluation of transmission will be pivotal to prevent 
recrudescence of infection.

1251
DYNAMICS OF AMERICAN TEGUMENTARY LEISHMANIASIS 
IN A HIGHLY ENDEMIC REGION FOR LEISHMANIA (VIANNIA) 
BRAZILIENSIS INFECTION IN NORTHEAST BRAZIL

Juliana Silva1, Adriano Queiroz1, Izabella Moura1, Rosana Souza1, 
Luiz Henrique Guimarães1, Paulo R. Machado1, Marcus Lessa1, 
Mary E. Wilson2, Albert Schriefer1

1Hospital Universitário Prof. Edgard Santos, Salvador, Brazil, 2University of 
Iowa, Iowa City, IA, United States

Intimate knowledge of the geographic distribution of leishmaniasis and 
how it propagates within foci of active transmission may guide new 
approaches to disease control measures. We explored incidence and 
geographic location data of three clinical types of American tegumentary 
leishmaniasis (ATL) cases, diagnosed in three different time periods, 
contained within a two decades time span. These patients lived in a focal 
region of northeast Brazil that is highly endemic for Leishmania (Viannia) 
braziliensis. The study revealed that cutaneous (CL), mucosal (ML) and 
disseminated leishmaniasis (DL) actively spread within the affected region, 
but in different patterns. Whereas CL and DL seemed to propagate in 
clusters, ML was characterized by sporadic appearance of cases. The 
incidence of ML also fluctuated over time at a rate that was distinct 
from those of CL and DL. These findings might be used to improve the 
efficacy of control measures, for example exploring the combination of 
early detection of sentinel patients with focused active surveillance for 
surrounding cases of disease.

1252
NATURAL INFECTION AND THE DYNAMICS TRANSMISSION 
OF LEISHMANIA (VIANNIA) BRAZILIENSIS IN WILD AND 
SYNANTHROPIC RODENTS INVOLVED IN THE ZOONOTIC 
CYCLE OF CUTANEOUS LEISHMANIASIS IN ENDEMIC AREA 
OF ATLANTIC RAIN FOREST IN NORTHEAST BRAZIL

José F. Marinho-Junior1, Juliana F. Lima1, Luana P. Brito1, Ana W. 
Carvalho1, Francisco G. Carvalho1, Milena P. Cavalcanti1, Jeffrey J. 
Shaw2, Orin Courtenay3, Sinval P. Brandão Filho1

1Centro de Pesquisas Aggeu Magalhães, Fundação Oswaldo Cruz, Recife, 
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Paulo State, Brazil, 3University of Warwick, Coventry, United Kingdom

In northeast Brazil the predominant Leishmania species causing American 
cutaneous leishmaniasis (ACL) is L. (Viannia) braziliensis. One of the 
principle difficulties in understanding the eco-epidemiology of ACL 
associated with L. (V.) braziliensis is identifying the relative importance of 
its reservoir hosts and sand fly vectors. The Amaraji municipality is located 
in the Zona da Mata biome of Pernambuco state, and is an important ACL 
focus. The objective of this study was the detection of natural infections 
of Leishmania (Viannia) spp in wild and synanthropic animals responsible 
for in maintaining zoonotic cycle in this region. Wild and synanthropic 
mammals were captured in Amaraji between May 2012 and July 2014 
Captured animals were anesthetized, marked with microchip and skin 
samples (right ear) and blood were collected. They were then returned 
to their capture site. DNA was extracted and purified from all the tissue 
samples, and the Leishmania parasite load was determined by real-time 
PCR. A total of 637 animals were collected that belonged to 11 different 
species. 602 specimens were taken from 327 males and 275 females each 
being marked with a microchip. The predominant species were Nectomys 
squamipes (244/637) and Rattus rattus (148/637), corresponding to 
respectively 38.3% and 23.2%. Based on DNA blood and tissue analysis 
106 (16.6%) animals were positive, the average parasite load being 
3528fg/uL (9,26-50060 fg/µL). We observed that the highest infection 
rates as well as highest parasite loads occurred between the months of 
October and November 2012 (55 positive animals - 8266fg/uL); June 
2013 (33 positive animals - 1503fg/ µL) and January 2014 (25 positive 
animals - 505fg/ µL). In conclusion, the results suggest that the potential 
for transmission was greatest during these periods and that accordingly 
the risk of human infections is greater. On going studies are in progress 
to correlate this data with sand fly xenodiagnosis infectivity assays to 
support the hypothesis that the intensity of wild and synanthropic rodent 
Leishmania infections modulates zoonotic ACL.

1253
DENGUE VIRUS NON-STRUCTURAL PROTEIN 1 INDUCES 
ACTIVATION OF HEPARANASE/CATHEPSIN-L AND 
DEGRADATION OF THE ENDOTHELIAL GLYCOCALYX, 
LEADING TO ENDOTHELIAL PERMEABILITY

Henry Puerta Guardo, Dustin Glasner, Eva Harris
Division of Infectious Diseases and Vaccinology, School of Public Health, 
University of California Berkeley, Berkeley, CA, United States

Dengue is the most prevalent arboviral disease in humans and a major 
public health problem worldwide. Systemic plasma leakage leading to 
shock is a critical determinant of dengue severity. Increased vascular 
permeability without morphological damage to the capillary endothelium 
in severe dengue suggests the shock syndrome may be due to endothelial 
dysfunction. In the endothelium, dynamic structures, including intercellular 
junctional proteins and the endothelial glycocalyx (EG), a network of 
membrane-bound proteoglycans and glycoproteins, control the barrier 
function critical for vascular homeostasis. However, the mechanism of 
vascular dysfunction in dengue is still unclear. We previously described 
the role of soluble NS1 in inducing endothelial permeability by measuring 
trans-endothelial electrical resistance (TEER) in human pulmonary 
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microvascular endothelial cells (HPMEC) grown on a transwell permeable 
membrane system. Here, we demonstrate that DENV NS1-induced 
endothelial permeability is initially triggered by the increased expression/
activation of heparanase, an endo-β-d-glucuronidase that degrades 
heparan sulfate (HS) in the extracellular matrix of HPMEC, resulting in 
altered distribution of EG components such as sialic acid, syndecan-1 
and perlecan. This effect is specific to DENV NS1 and is not observed 
with NS1 from the related flavivirus West Nile Virus. Specific inhibitors 
of heparanase and its activator, cathepsin-L, prevent NS1-mediated 
endothelial permeability associated with altered distribution of HPMEC EG 
components. Further, conditioned supernatant from NS1-treated HPMEC 
monolayers increases endothelial permeability when transferred to naïve 
HPMEC, even in the presence of anti-NS1 monoclonal antibodies. Finally, 
recombinant syndecan decreases TEER in a dose-dependent manner. Our 
findings propose a new mechanism of NS1 directly triggering endothelial 
vascular dysfunction through the early enzymatic activation and cleavage 
of HS proteoglycans by heparanase that leads to disassembly of the 
extracellular matrix, contributing to increased plasma leakage that occurs 
in severe dengue.

1254
FLUID MANAGEMENT OF DENGUE FEVER PATIENTS - 
EVIDENCE FROM AN OBSERVATIONAL MULTICENTER 
PROSPECTIVE STUDY IN FOUR SOUTHEAST-ASIAN AND 
THREE LATIN AMERICAN COUNTRIES

Thomas Jaenisch1, Kerstin Rosenberger1, Neal Alexander2, 
Thomas Junghanss1, Bridget Wills3
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Tropical Medicine and Global Health, Nuffield Department of Medicine, 
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Effective case management of patients with severe dengue relies 
on frequent monitoring and judicious IV fluid therapy. However, in 
patients with vascular leakage early use of IV fluids may aggravate 
fluid accumulation and result in respiratory distress. Using data from a 
major multi-centre observational study, we describe the clinical status 
of confirmed dengue patients at first severe event, and analyse the 
subsequent development of complications. Trained physicians followed 
suspected dengue cases prospectively at seven hospitals across Asia and 
Latin America, using a single comprehensive report form that included 
daily clinical assessment for fluid accumulation. A CXR/USS assessment 
was also performed around defervescence. Applying univariable 
and multivariable Cox regression, we evaluated risk factors for the 
development of shock with and without fluid accumulation, as well as for 
respiratory distress. Among 1734 confirmed dengue patients, the majority 
(88%) never experienced DSS. Fluid accumulation was identified in 45% 
of cases without shock and in almost twice that proportion with shock: 
176/210 (84%) cases. Respiratory distress was diagnosed in 78 patients, 
including 44 cases with shock. In the univariable model, referral from 
another facility and IV fluid use before enrolment were protective for shock 
without fluid accumulation, but increased the risk for shock with fluid 
accumulation. In the multivariable model, the risk for respiratory distress 
with fluid accumulation increased significantly as the infused volume 
increased (AHR 1.15 [95% CI 1.08-1.23)] per 10 ml/kg over the preceding 
24h period; p<0.001), irrespective of age group, respiratory rate, or 
presence of serosal effusions or shock in the preceding 24h. Age below 15 
years, increased respiratory rate, and presence of ascites in the preceding 
24h were independent risk factors for respiratory distress with fluid 
accumulation. Fluid accumulation, either assessed clinically or potentially 
quantified by radiological methods, could be a useful intermediate severity 
endpoint for therapeutic intervention trials and/or pathogenesis studies.

1255
INHIBITION OF MAMMALIAN HOST GLUCOSIDASE ENZYMES 
USING THE IMINOSUGAR UV-4B DOES NOT SELECT FOR 
RESISTANT INFLUENZA AND DENGUE VIRUSES

Kelly L. Warfield1, Emily Plummer2, Suman Das3, Aruna 
Sampath1, Rebecca Halpin3, Timothy Stockwell3, Bjoern Peters2, 
Sujan Shresta2, Urban Ramstedt1, Michael V. Callahan1
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Institute, Rockville, MD, United States

Unither’s iminosugar platform targets host αglucosidases I and II, enzymes 
that contribute to glycosylation and folding of proteins in the endoplasmic 
reticulum. Blockade of host αglucosidases impairs glycosylation resulting in 
improperly folded viral envelope glycoproteins and impaired functionality, 
stability, orientation and immune stealth. Glucosidase inhibition results 
both in reduced virus numbers and production of defective viruses that 
are replication incompetent. The iminosugar UV-4B has in vitro activity 
against a diverse set of glycosylated, enveloped RNA and DNA viruses 
including dengue, influenza, Ebola, and vaccinia and promotes survival 
in lethal dengue and influenza mouse models. An important benefit of 
host-targeted antivirals is reduced selection for resistant viruses. Antiviral 
drugs directed against genetic sequences or viral encoded proteins quickly 
select for resistant viruses within a few replication cycles especially in the 
case of RNA viruses that have high mutation rates and exist as quasi-
species. Targeting a host enzyme does not expose the virus to direct 
selective pressure, but rather denies the virus a critical substrate for which 
there is no biochemical or viral gene-encoded alternative and minimizes 
selection of resistance. Absence of viral resistance to glucosidase inhibitors 
was confirmed against multiple mutation-prone viruses. Dengue viruses 
exposed to UV-4B in vitro did not generate resistant variants after 38 
serial passages. In addition, no change in efficacy was detected in dengue 
or influenza after the five serial passages performed in mice treated with 
UV-4B. Deep sequencing was performed to examine the appearance 
of resistance-conferring mutations in the drug passaged dengue and 
influenza viruses. The absence of viral escape mutants elicited from 
sustained exposure to UV-4B over multiple passages in vivo, provides 
additional evidence that there is a high genetic barrier to the generation 
and selection of escape mutants exposed to host-targeted iminosugar 
antivirals.

1256
EFFECT OF IMINOSUGARS ON DENGUE VIRUS STRUCTURAL 
PROTEINS

Mansoora Khaliq1, Aruna Sampath1, Andrew Miller2, Joyce 
Jose2, Zhenguo Chen2, Devika Sirohi3, Urban Ramstedt1, Matthew 
Duchars1, Richard J. Kuhn3

1Unither Virology, Silver Spring, MD, United States, 2Markey Center for 
Structural Biology, Department of Biological Sciences, Purdue University, 
West Lafayette, IN, United States, 3Markey Center for Structural Biology, 
Department of Biological Sciences and Bindley Bioscience Center, Purdue 
University, West Lafayette, IN, United States

Dengue virus (DENV) is among the most rapidly emerging human 
pathogens and can cause severe illness and death. Currently, no effective 
therapeutics are available. Unither Virology (UV) has identified multiple 
iminosugar analogs, UV-1, UV-4B, and UV-12 that show in vitro activity 
against DENV serotype 2. We recently demonstrated the efficacy of UV-
4B (Perry et al. 2013) in vivo against a lethal DENV challenge in mice 
even when administered 24-48 hours post-infection (PI). Iminosugars 
inhibit resident ER α-glucosidases involved in processing of N-glycans on 
nascent glycoproteins found on DENV envelope (E) protein. Inhibition 
prevents proper folding of E, affecting critical steps in the viral life cycle. 
Targeting a host protein, decreases the likelihood of developing viral 
resistance. We investigated the effects of iminosugar analogs (UV-1, UV-
12) on modifications of E and their effect on virus entry and maturation. 
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Comparisons of viral counts in the supernatant of cells treated with 
UV-1 or UV-12 (100 µM) collected every 24 hours PI reveal the number 
of virus particles released (RNA molecules/ml) remains the same over 
time compared to untreated cells. However, the number of infectious 
virus particles released (PFU/ml) is decreased compared to untreated cells 
suggesting treatment with UV-1 and UV-12 affects infectivity. Cryo-EM 
reconstruction of particles prepared in the presence of UV-1 failed to 
converge on a reference structure of native DENV-2 particle. Additionally, 
quantification of purified virus particle types (smooth, mosaic, spiky, 
and bumpy) indicates structural heterogeneity between particles within 
subpopulations. Preliminary mass spectrometry analysis of purified particle 
maturation (cleavage efficiency (M/(prM+M)) showed a decrease in percent 
maturation of treated virus relative to untreated virus. Live imaging of 
single virus particles revealed that particles treated with UV-1 and UV-12 
were delayed in attachment/adsorption. Our results indicate that UV-1 
and UV-12 affect proper E protein folding, preventing maturation and 
infectivity of the virus.

1257
EXPLORING THE ROLE OF DNA SENSORS DURING DENGUE 
VIRUS INFECTION

Sebastian Aguirre, Maria T. Sanchez-Aparicio, Priya Luthra, 
Anthony Fredericks, Dabeiba Bernal-Rubio, Adolfo Garcia-Sastre, 
Lubertus Mulder, Ana Fernandez-Sesma
Department of Microbiology, Icahn School of Medicine at Mount Sinai, 
New York City, NY, United States

Dengue virus (DENV) is an enveloped (+) strand RNA virus transmitted 
by mosquitos, which infect near to 390 million humans per year. Upon 
infection, DENV can replicate in immune cells like macrophages and 
dendritic cells (DCs). DCs are professional immune cells that contain 
complex networks of sensing macromolecules that can quickly detect 
and signal the control of invading intracellular pathogens through 
the activation of the IFN system and the subsequent establishment 
of the antiviral state. We have described in our laboratory that DENV 
can counteract the induction of type I IFNs by cleaving the adaptor 
STING in human cells. In this work we explored the partner molecules 
that collaborate with STING in detection of DENV replication. Using a 
qRT-PCR approach, we observed activation of genes involved in DNA 
sensing, independently of the IFN production in primary human MDDCs. 
Preliminary results suggest that the novel DNA sensor cGAS is involved 
in the detection of DENV infection by recognizing illicit cytoplasmic DNA 
generated during the replication. Using in vitro and ex vivo models we 
perform a systematic study to characterize the PAMP sources that can be 
stimulating the cGAS/STING/IRF3 pathway during DENV infection. Also, by 
pull down experiments of cGAS in DENV infected cells, we analyzed the 
nature of the DNA molecules that were bound to it. Finally we propose a 
new mechanism of DENV detection by the cellular DNA sensing machinery.

1258
DENGUE VIRUS INFECTIONS OF HUMAN TONSIL 
HISTOCULTURES AND PRIMARY CELLS REVEAL SEROTYPE-
SPECIFIC PROFILES

Rebecca E. Hamlin, Dabeiba Bernal-Rubio, Michael Donovan, 
Ana Fernandez-Sesma
Icahn School of Medicine at Mount Sinai, New York, NY, United States

Dengue virus (DENV) is the most prevalent mosquito-borne virus 
causing disease in humans, with an estimated 390 million infections 
per year worldwide. There are currently no licensed vaccines or specific 
therapeutics, and the death rate for severe dengue without proper 
supportive care can be over 20%. Of the four circulating DENV serotypes, 
DENV-2 infection has been correlated with increased disease severity while 
DENV-4 infections have been associated with a milder clinical presentation. 
In this study, we have investigated the infection kinetics and immune 
responses of DENV-2 versus DENV-4 during primary infections of human 

monocyte-derived dendritic cells (DCs) and in a newly developed, human 
tonsil histoculture (HC) model system. We hypothesize that DENV-4 will be 
attenuated compared to DENV-2 and that these relevant human models 
will yield new insights into immune responses against these viruses, which 
will help elucidate DENV immunopathogenesis in patients. In preliminary 
studies in human DCs, DENV-4 shows faster replication kinetics that 
peak at 24 hours post infection but drastically diminish by 72 hours post 
infection, while DENV2 exhibits slower but longer lasting replication 
kinetics. Similarly, DENV-4 replication dramatically decreases after 72 hours 
post infection compared to DENV-2 in tonsil HCs. Furthermore, while our 
laboratory has previously demonstrated that DENV-2 abrogates type I 
interferon (IFN) production in human primary DCs, our current data shows 
that DENV-4 infection induces both type I IFN and the IFN-stimulated gene 
IP-10 in both DCs and tonsil HCs. Moreover, DENV-4 infection of tonsil 
HCs induces higher levels of IFN-γ, TNF-α, IL-10, and RANTES during a 12-
day time course compared to DENV-2 infection. This suggests that DENV-4 
may be more immunogenic than DENV-2 in humans and can be more 
efficiently inhibited by antiviral responses, which could correlate with its 
diminished replication capacity in our human systems.

1259
EFFICACY OF RUPATADINE IN ACUTE DENGUE INFECTION

Ananda Wijewickrama1, Samitha Fernando2, Praveen 
Madushanka2, Damayanthi Idampitiya1, Chandanie Wanigatunga2, 
Harsha Dissanayake2, Shamini Prathapan2, Chandima Jeewandara2, 
Laksiri Gomes2, Graham Ogg3, Gathsaurie Neelika Malavige2

1Infectious Diseases Hospital, Colombo, Sri Lanka, 2University of Sri 
Jayawardenapura, Nugegoda, Sri Lanka, 3University of Oxford, Oxford, 
United Kingdom

Vascular leak is the hall mark of severe dengue infection. Our previous 
studies showed that platelet activating factor (PAF) was a potent mediator 
of vascular leak. Therefore, we proceeded to investigate the efficacy of 
rupatadine which is a PAF receptor blocker in patients with acute dengue 
infection. We are conducting a phase II, open labeled, randomized control 
trial to determine the efficacy of rupatadine in preventing or reducing 
vascular leak in patients with acute dengue and also to determine 
its efficacy in reducing complications.The study was designed to be 
conducted in three arms, which were 80 patients for ruptadine 10mg, 
80 patients for rupatadine 40mg and 80 patients for the placebo arm. 
The tablets were given orally once a day to the participants. Apart from 
receiving the drug, all patients were managed according to the 2011 
World Health Organization guidelines. The patients were examined at least 
twice a day and the haematocrit and platelet counts were measured at 
least twice a day to detect any complications and fluid leakage. Daily ultra 
sound scans were done in all patients from the time they were admitted 
to hospital to determine the presence and the quantity of fluid leakage. 
Our primary end point was a reduction in fluid leakage in the rupatadine 
treated group. The secondary end points were reduction in the incidence 
of liver failure; reduction in the development of shock; reduction in the 
need for blood transfusion or colloids; or the duration of illness. The 
efficacy and safety findings of this clinical trial will be presented at the 
conference.
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1260
A FOUR-YEAR PROSPECTIVE STUDY OF THE IMPACT OF 
RED BLOOD CELL VARIANTS ON CHILDHOOD FALCIPARUM 
MALARIA IN SOUTHERN MALI

Tatiana M. Lopera-Mesa1, Saibou Doumbia2, Drissa Konate2, 
Jennifer M. Anderson1, Mory Doumbouya2, Abdoul S. Keita2, 
Seidina A. Diakite2, Karim Traore2, Michael A. Krause1, Ababacar 
Diouf1, Samuel E. Moretz1, Gregory S. Tullo1, Kazutoyo Miura1, 
Wenjuan Gu3, Michael P. Fay1, Steve M. Taylor4, Carole A. Long1, 
Mahamadou Diakite2, Rick M. Fairhurst1

1National Institute of Allergy and Infectious Diseases, Rockville, MD, United 
States, 2Malaria Research and Training Centre, Bamako, Mali, 3Leidos 
Biomedical Research, Rockville, MD, United States, 4Duke University 
Medical Center, Durham, NC, United States

Red blood cell (RBC) variants protect African children from severe 
Plasmodium falciparum malaria. Their individual and interactive 
impacts on mild disease and parasite density, and their modification 
by age-dependent immunity, are poorly understood. We conducted a 
4-year, prospective cohort study of children aged 6 months-17 years 
in Mali in 2008-2011. RBC variants were hemoglobins S (HbS) and C 
(HbC), α-thalassemia, ABO blood groups, and glucose-6-phosphate 
dehydrogenase (G6PD) deficiency encoded by the X-linked A- allele. 
The primary outcome was malaria incidence, which was modeled as 
incidence rate ratios (IRRs) with quasi-Poisson regression; the secondary 
outcome was P. falciparum density, which was analyzed with Generalized 
Estimating Equations. We diagnosed 4,091 malaria episodes in 1,543 
children over 2,656 child-years of follow-up. RBC variants were common, 
with prevalences of: HbAS 14%, HbAC 7%, α-thalassemia 28%, type 
O blood group 40%, and G6PD deficiency 9% in boys and 20% in 
girls. The overall malaria incidence was 1.54 episodes per child-years of 
follow-up, and ranged from 2.78 at age 3 years to 0.4 at age 17 years. 
Malaria incidence was reduced 34% in HbAS compared with HbAA 
children (adjusted IRR [aIRR] 0.66; 95% CI 0.59-0.75) and 49% in G6PD 
A-/A- compared with A+/A+ girls (aIRR 0.51; 95% CI 0.29-0.90), but 
was increased 15% in HbAC compared with HbAA children (aIRR 1.15; 
95% CI 1.01-1.32). Parasite density was reduced in HbAS (median 
10,550 parasites/μL) compared with HbAA children (15,150 parasites/
μL; p=0.0004). Age significantly modified the effects of HbAS on both 
malaria risk (p=0.022) and parasite densities (p<0.0001); both outcomes 
were reduced more substantially in the youngest children. There was 
no statistically-significant interaction between HbAS or HbAC and 
α-thalassemia for either malaria risk or parasite density. Individual and 
interactive impacts of HbAS, HbAC, and G6PD A-/A- on malaria risk and 
parasite density define clinical and cellular correlates of protection. Further 
identification of the molecular mechanisms of these protective effects may 
uncover novel targets for intervention.

1261
EVALUATION OF THE NATURAL HISTORY OF 
ASYMPTOMATIC PLASMODIUM FALCIPARUM PARASITEMIA 
IN A HIGHLY ENDEMIC AREA OF UGANDA

John Rek1, Shereen Katrak2, Agaba Katureebe1, Bryan 
Greenhouse2, Moses R. Kamya3, Emmanuel Arinaitwe1, Sarah 
Staedke4, Grant Dorsey2, Prasanna Jagannathan2

1Infectious Diseases Research Collaboration, Kampala, Uganda, 
2Department of Medicine, University of California San Francisco, San 
Francisco, CA, United States, 3Department of Medicine, Makerere 
University College of Health Sciences, Kampala, Uganda, 4London School 
of Hygiene & Tropical Medicine, London, United Kingdom

Understanding the epidemiology of asymptomatic Plasmodium 
falciparum infection in the era of bednets (ITNs) and artemisinin-based 
combination therapy (ACT) remains an important goal. We enrolled 
a dynamic cohort of children 0.5-10 years of age (n=333) from 100 

randomly selected houses from an area in Eastern Uganda, where 
transmission is holoendemic with 2 seasonal peaks and an aEIR of 310 
infective bites PPY. Participants were provided an ITN at enrollment and 
received all care, including passive surveillance for malaria and active 
surveillance for parasitemia by microscopy every 3 months between Aug 
2011-Sep 2014. Associations between the probability of asymptomatic 
parasitemia during active surveillance and risk factors of interest were 
made using generalized estimating equations, and associations between 
risk factors and the cumulative risk of developing malaria following 
asymptomatic infection were estimated using a cox proportional hazards 
model adjusted for repeated measures. The overall prevalence of 
parasitemia at routine surveillance was 24%, and 82% of these episodes 
were asymptomatic. Compared to children < 3 years of age, the odds of 
being asymptomatic if parasitemic were significantly higher in children 
3-7 (aOR=1.97, P=0.008) and 7-10 years of age (aOR=3.09, P<0.001). 
Increasing parasite densities were associated with significantly lower 
odds of being asymptomatic (aOR 0.28 per log10 increase in parasite 
density, P<0.001), with no significant associations with calendar year or 
season. Following asymptomatic infection, children 3-7 years and 7-10 
years of age were significantly less likely to develop malaria within 30 
days compared with children < 3 years (aHR 0.38 and 0.21, P<0.001, 
respectively). Both the high season (aHR 1.31, P=0.04) and calendar 
year (aHR 1.42 yr 3 compared to yr 1, P=0.047) were associated with 
an increased hazard of developing malaria following asymptomatic 
parasitemia, although parasite densities had no association. A better 
understanding of the epidemiology of asymptomatic parasitemia will 
inform efforts for malaria control in high transmission settings.

1262
DETERMINANTS OF HETEROGENEITY IN MALARIA 
TRANSMISSION IN PAPUA NEW GUINEA

Leanne J. Robinson1, Johanna H. Kattenberg2, Cristian Koepfli3, 
Natalie E. Hofmann4, Rahel Wampfler4, Maria Ome-Kaius2, Benson 
Kiniboro2, Matthew Phillip2, Daisy Mantila2, Benishar Kombut2, 
Shadrach Jally2, Elisheba Malau3, Jessica Brewster3, Peter Siba2, 
Daniel Tisch5, Inoni Betuela2, James Kazura5, Ingrid Felger4, Ivo 
Mueller6

1PNG Institute of Medical Research; Walter & Eliza Hall Institute of 
Medical Research, Madang, Papua New Guinea, 2PNG Institute of Medical 
Research, Madang, Papua New Guinea, 3Walter and Eliza Hall Institute of 
Medical Research, Parkville, Australia, 4Swiss Tropical and Public Health 
Institute, Basel, Switzerland, 5Case Western Reserve University, Cleveland, 
OH, United States, 6Walter & Eliza Hall Institute of Medical Research; 
Barcelona Institute for Global Health, Parkville, Australia

A renewed emphasis on malaria control in Papua New Guinea has 
resulted in a significant overall reduction in the prevalence and incidence 
of malaria. However the reduction observed at the national/provincial 
level masks substantial heterogeneity of transmission at the local district 
and village level. To investigate this, repeated community cross-sectional 
surveys and longitudinal child cohorts were undertaken in two hyper-/
holoendemic areas of PNG, combining sensitive molecular diagnosis of 
infections (multiplicity of infection (MOI), molecular force of blood-stage 
infection (molFOB) and gametocyte-specific RT-qPCR), with demographic 
and household GPS data. Plasmodium falciparum/P. vivax prevalence 
(PCR) decreased from 71.6% (2005) to 10.9% (2013) in cross-sectional 
community surveys. Cluster analysis for high rates of infection identified 
4 spatial clusters for infections of any species, 6 P. falciparum and 7 
P. vivax clusters. Risk factors for households to be in a cluster were a 
lower proportion of the household reporting LLIN use for all infections, 
distance to health centre for P. vivax infections and altitude for infections 
with any species. Many hotspots identified in 2013 were areas of the 
highest prevalence in 2005. In a 2009 cohort of 5-10 year old children, 
the prevalence of P. falciparum was 24%, making P. vivax the most 
common species (48% by PCR). Prevalence at enrolment and molFOB varied 
significantly between neighbouring villages for both species with up to 
40-fold differences in molFOB (p<0.001). More recently, the prevalence of 
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malaria infections at enrolment in longitudinal cohorts of 1-5 and 5-10 
year old children was 24% and 37% respectively. The vast majority of 
these infections are asymptomatic and ongoing analysis of demographic, 
molecular and spatial data will provide an in-depth perspective on malaria 
transmission at the village and household level. Understanding the extent 
of local heterogeneity in malaria transmission and the driving factors is 
critical to be able to identify and implement targeted control strategies to 
ensure the ongoing success of malaria control in PNG and make progress 
towards elimination.

1263
INFECTION DYNAMICS OF NATURAL PLASMODIUM 
INFECTIONS IN PAPUA NEW GUINEAN CHILDREN

Natalie E. Hofmann1, Rahel Wampfler1, Mariabeth Silkey1, 
Leanne J. Robinson2, Ivo Mueller3, Thomas Smith1, Ingrid Felger1

1Swiss Tropical and Public Health Institute, Basel, Switzerland, 2Papua 
New Guinea Institute of Medical Research, Madang, Papua New Guinea, 
3Walter and Eliza Hall Institute of Medical Research, Parkville, Australia

Measuring key parameters of malaria infection dynamics such as 
acquisition and clearance rates of individual parasite clones is challenging 
in semi-immune individuals because of multi-clone infections, frequent 
super-infections and generally low parasite densities. Investigating the 
persistence of individual clones in longitudinal studies is complicated by 
imperfect detectability causing apparent loss and reappearance. Little data 
exists on the dynamics of natural malaria infections particularly in non-
African settings where Plasmodium species co-exist. We combined high-
resolution genotyping with mathematical modelling to assess detectability, 
acquisition and clearance rates in a longitudinal study in Papua New 
Guinean (PNG) children aged 5-10 years from an area with P. vivax as 
predominating species. Mean detectability of P. falciparum clones was 
57% and age-independent while P. vivax detectability decreased from 
48% in the youngest to 18% in the oldest children corresponding to 
age patterns in parasite density. Adjusting for imperfect detectability 
increased clone acquisition rates by 25% for P. falciparum and 16% 
for P. vivax. Acquisition rates were 3.5-fold higher for P. vivax than 
P. falciparum and correlated well with prevalence by village for both 
species (R2 = 0.83 and 0.97), while no association with age was observed. 
Naturally cleared infections with P. falciparum persisted longer than 
with P. vivax (77 and 48 days). An increase in infection duration with age 
was observed for P. vivax, reaching 154 days in the oldest children, but 
not for P. falciparum. Unlike P. vivax, P. falciparum infection duration 
was moderately correlated with endemicity (R2 = 0.54) with maximum 
of 114 days in a highly endemic village. In endemic settings, age serves 
as a proxy of exposure and thus of natural immunity. Our data support 
the hypothesis that acquired immunity, present against P. vivax but not 
P. falciparum in PNG children of this age, controls infection mainly by 
limiting parasite densities thus allowing infections to persist at low level for 
extended periods in semi-immune individuals and potentially contributing 
to transmission.

1264
PLACENTAL MALARIA EXPOSURE AND SEVERE MALARIAL 
ANEMIA IN AFRICAN CHILDREN

Elizabeth B. Brickley1, Angela M. Wood2, Jonathan D. Kurtis3, 
Edward Kabyemela4, Alassane Dicko5, Michal Fried6, Patrick E. 
Duffy6

1National Institute of Allergy and Infectious Diseases and University of 
Cambridge, Rockville, MD, United States, 2University of Cambridge, 
Cambridge, United Kingdom, 3Brown University Medical School, 
Providence, RI, United States, 4Muheza Designated District Hospital, 
Muheza, United Republic of Tanzania, 5University of Bamako, Bamako, 
Mali, 6National Institute of Allergy and Infectious Diseases, Rockville, MD, 
United States

Previous studies suggest offspring of mothers with placental malaria (PM) 
may be at higher risk of clinical malaria infection and reduced hemoglobin 
in early childhood. However, in a region with high drug resistance, 
intermittent preventative treatment in pregnancy with sulfadoxine-
pyrimethamine (IPTp-SP) has been associated with increased risk of severe 
malaria. Using multi-center, birth cohort data from 880 participants in the 
MOMS Project Study in Tanzania, 2002-2006, and 1502 participants in 
the MRTC-Laboratory of Malaria Immunology and Vaccinology Immuno-
Epi Observational Study in Mali, 2010-2015, the authors investigated the 
relations of PM and IPTp-SP with severe malarial anemia (SMA), defined 
as a positive bloodsmear for Plasmodium falciparum and hemoglobin 
(Hb) <5g/dL, in children under four years. Children exposed to PM were 
at increased risk of incident SMA (adjusted hazard ratio (AHR) = 2.17, 
95% confidence interval (CI): 1.16, 4.08), an effect which was stronger in 
children of younger mothers (P for interaction with mother’s age = 0.002), 
and also experienced malaria infections with elevated parasite density (P = 
0.019) and reduced levels of interferon-γ (P = 0.044) and erythropoietin (P 
= 0.011) relative to their unexposed peers. Further investigation revealed 
that the relation with PM was specific to malaria-related anemia events: 
Whereas there was no evidence of an association with non-malarial 
severe anemia (Hb<7g/dL) risk (AHR = 0.85, 95% CI: 0.61, 1.20), PM was 
positively associated with malarial severe anemia (Hb<7g/dL) risk (AHR = 
1.68, 95% CI: 1.24, 2.26). Furthermore, in Mali where drug resistance 
remains low, maternal IPTp-SP had an inverse, dose-response association 
with SMA (AHR per dose = 0.59, 95% CI: 0.30, 1.14). In conclusion, these 
findings support the hypothesis that prenatal exposure to PM can alter the 
pathogenicity of subsequent pediatric malarial infections and suggest the 
prevention of malaria in pregnancy may have substantive ancillary benefits 
for children’s health. 

1265
THE EFFECT OF MALARIA DURING PREGNANCY ON INFANT 
SUSCEPTIBILITY TO MALARIA

Sarah Boudova1, Titus Divala2, Randy Mungwira2, Patricia 
Mawindo2, Tamiwe Tomoka3, Terrie E. Taylor2, Miriam K. Laufer1

1Center for Malaria Research, Institute for Global Health, University of 
Maryland School of Medicine, Baltimore, MD, United States, 2Blantyre 
Malaria Project, Blantyre, Malawi, 3University of Malawi, Blantyre, Malawi

Malaria during pregnancy threatens the health of mothers and newborns 
and may have long-lasting consequences on infant health. Observational 
studies suggest that placental malaria is associated with increased risk of 
malaria in the infant. However, previous studies are limited by the inability 
to control for shared exposures and to detect episodes of malaria that 
occurred prior to delivery. We hypothesize that placental malaria will be 
associated with elevated risk of malaria during infancy and that maternal 
peripheral malaria in the absence of placental infection will be protective 
as compared to no maternal malaria. We conducted a randomized clinical 
trial of three chemo-prevention strategies resulting in three distinct malaria 
exposure groups during pregnancy: placental malaria; peripheral malaria 
without placental infection; and no malaria during pregnancy. We are 
following the infants through active and passive molecular surveillance 
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for malaria; 412 infants have been followed for a median duration of 
197 days after birth. Of these, 308 infants were born to mothers with 
no evidence of malaria during pregnancy, 55 to mothers with placental 
malaria and 49 to mothers with only peripheral infection. Malaria infection 
was detected in 10.5%, 14.3% and 16.7% of those born to mothers with 
no malaria, placental malaria and peripheral malaria during the first nine 
months of life, respectively. The cumulative incidence of malaria per person 
year was highest among infants born to mothers with placental malaria, 
0.29 compared to 0.15 and 0.12 per person year of follow up among 
infants born to mother with no malaria and peripheral malaria respectively. 
These differences were not statistically significant (p=0.2). Follow up is 
underway to collect more data from the infants as they get older and 
experience more malaria episodes. Results of this study will inform the 
design and implementation of innovative and highly effective prenatal 
interventions to protect the health of pregnant women, newborns and 
infants from malaria.

1266
MORE THAN FOUR ANTENATAL MALARIA SCREENS 
REDUCES THE EFFECTS OF MALARIA ON ADVERSE 
PREGNANCY OUTCOMES

Kerryn A. Moore1, Jacher Wiladphaingern2, Thein Cho2, Oh 
Moo2, Moo Koh Paw2, Lily Keereecharoen2, Freya J. Fowkes3, Julie 
A. Simpson1, Nicholas J. White4, François Nosten2, Rose McGready2

1University of Melbourne, Melbourne, Australia, 2Shoklo Malaria Research 
Unit, Mae Sot, Thailand, 3Burnet Institute, Melbourne, Australia, 4Mahidol 
University, Bangkok, Thailand

125 million pregnancies are at risk of malaria each year, and malaria in 
pregnancy causes preterm birth and intrauterine growth restriction (IUGR). 
Preterm birth and small for gestational age (SGA), a proxy for IUGR, 
increase the risk of neonatal death 15-fold. Women are often infected 
multiple times, but the effect of the number and gestational age at the 
time of Plasmodium spp. infections on adverse pregnancy outcomes, 
especially in first trimester, has not been fully elucidated. We analysed 
prospective data on 43,664 pregnancies screened frequently for malaria 
by microscopy at antenatal visits on the Thai-Myanmar border between 
1986 and 2014. Cox regression with time-varying exposures was used 
to estimate the effect of the number and gestational age of malaria 
episodes on preterm birth and SGA, including an interaction with the 
number of malaria screens. 35,717 pregnancies had no malaria and 7,947 
pregnancies had between one and eleven episodes. 8% of newborns were 
preterm, and 10% were SGA. In those who had four malaria screens or 
less, the hazard of preterm birth and SGA increased with each malaria 
episode by 1.34 fold (95% confidence interval (CI): 1.13, 1.61) and 1.66 
fold (95% CI: 1.09, 2.52), respectively. Compared to no malaria, both 
second- and third-trimester episodes were equally harmful, increasing the 
hazard of preterm birth by 2.11 fold (95% CI: 1.59, 2.80) and SGA by 
2.92 fold (95% CI: 1.28, 6.66), while first-trimester episodes had minimal 
effect on either preterm birth (HR: 1.24; 95% CI: 0.89, 1.74) or SGA (HR: 
0.66; 95% CI: 0.29, 1.48). Notably, malaria was either not associated or 
weakly associated with preterm birth and SGA in women who had more 
than four screens, regardless of the number or gestational age of episodes. 
These patterns, albeit weaker, held true when analyses were restricted 
to P. vivax infections only. Screening and treatment can help to counter 
the cumulative adverse effects of both vivax and falciparum malaria 
throughout pregnancy. However, the WHO recommends four antenatal 
visits, whereas our data suggest that the optimum number of antenatal 
malaria screens for preventing adverse outcomes is likely greater than four.

1267
EMERGENCY EVALUATION OF CONVALESCENT PLASMA FOR 
EBOLA VIRUS DISEASE (EVD) IN GUINEA

Johan van Griensven on Behalf of the Ebola_Tx Consortium
Institute of Tropical Medicine, Antwerp, Belgium

Evaluation of convalescent plasma (CP) for the treatment of Ebola Virus 
Disease (EVD) has been prioritized by the WHO in the current epidemic. 
The Ebola_Tx trial is designed to assess the feasibility, safety and efficacy of 
CP against EVD in Conakry, Guinea. Pathogen-reduced CP is administered 
as two units (200-250ml each) given consecutively on the same day, from 
two different donors. Survival 14 days after intervention is the primary 
outcome measure. The survival of patients treated with CP + supportive 
care will be compared to that of patients receiving supportive care alone, 
in an open-label, non-randomised comparative study. A 20% lower 
case fatality rate in patients treated with CP will be considered proof of 
clinical efficacy. All consecutive eligible and consenting patients of any 
age (including pregnant women) with confirmed EVD will be enrolled; 
exclusion criteria are limited to contra-indications for CP or patients very 
close to death. Available ABO compatible plasma is given, within 48 hours 
after diagnosis, and patients with no compatible plasma available will be 
enrolled as concurrent controls. The control group will be complemented 
with historical controls if needed. A minimum of 130 patients will be 
treated with CP. Secondary outcomes include 1) 30 day all-cause mortality; 
2) transfusion-related serious adverse reactions; 3) change in viral load and 
association with titres of neutralising antibodies in the donor plasma; 4) 
safety risks in health workers administering CP; 5) risk factors for mortality. 
The first plasma collection started on February 9, 2015 and the first CP 
administration was done February 19. As of April 7, a total of 94 donors 
have presented for plasma donation, of which 81 have donated at least 
once. Qualified plasma (no transfusion transmissible infections detected) 
was obtained for 69. A total of 83 patients have been enrolled, of which 
81 received CP. Of these, 9 additionally received favipiravir via another 
trial, leaving 72 patients for inclusion in primary analysis. The main analysis 
will be done after 130 CP-treated patients have reached day 14 (planned 
early June). This is the largest trial ever conducted of a convalescent blood 
product against EVD. If found to be effective, this intervention can then be 
scaled-up.

1268
LARGEST DOCUMENTED CLUSTER OF EBOLA VIRUS DISEASE 
AMONG HEALTH WORKERS

Mikiko Senga1, Kimberly Pringle2, David Brett-Major1, Robert 
Fowler3, Issa French4, Mohamed Vandi4, Andrew Ramsay1, 
Josephine Sellu4, Christian Pratt4, Josephine Sidu4, Nahoko 
Shindo1, Daniel G. Bausch1

1World Health Organization, Geneva, Switzerland, 2Centers for Disease 
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Leone

The 2014-15 Ebola virus outbreak in West Africa is the largest in history. 
Health workers (HWs) are among those at highest risk of infection because 
of exposure during patient care. As of April 1, 2015, 861 HW infections 
and 495 deaths have been reported in Guinea, Liberia, and Sierra Leone. 
An unusually high number of Ebola virus infections and deaths were 
noted among HWs in the Kenema District of Sierra Leone. To explore the 
nature of virus exposures in this high-risk population, we conducted a 
descriptive analysis using combined data sources, including the national 
Viral Hemorrhagic Fever database, contact tracing records, hospital staff 
rosters, Ebola Treatment Unit (ETU) rosters, and burial logs. A HW was 
defined as anyone who worked in a healthcare facility or engaged in 
healing practices. All suspected and confirmed HW cases were included in 
the analysis. A total of 94 Ebola cases in HWs were identified, of which 63 
died (case fatality ratio: 67%). The most common self-reported symptoms 
at the time of presentation included fever (67/78, 86%), vomiting (29/76, 
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38%), and diarrhea (29/76, 38%). Sixty-six (70%) HWs worked at Kenema 
Government Hospital (KGH) and 19 (20%) in other health facilities (no 
data were available for the remaining 9). Less than half (32, 48%) of HWs 
at KGH were assigned to the ETU and only 30 (32%) reported having 
contact with a known Ebola case, including sick family members (43%), 
colleagues (30%), patients (10%), and friends (10%). It was widely 
suspected that many HWs also saw patients privately after normal working 
hours, often without full personal protective equipment. In conclusion, 
most Ebola-infected HWs had numerous risk factors for exposure both in 
ETUs, other areas of the hospital, and in the community. Specific infecting 
events were rarely identifiable. Infection prevention and control measures 
to protect HWs must address a wide array of risk factors both in formal 
and informal care settings as well as in the community.

1269
MINIMALLY INVASIVE AUTOPSY: AN ACCURATE TOOL 
FOR CAUSE OF DEATH DETERMINATION IN DEVELOPING 
COUNTRIES

Paola Castillo1, Esperança Ussene2, Dercio Jordao2, Lucilia 
Lovane2, Miguel J. Martinez3, Carla Carrilho2, Mamudo R. Ismail2, 
Cesaltina Lorenzoni2, Jordi Vila3, Clara Menéndez1, Quique Bassat1, 
Jaume Ordi4
1ISGlobal, Barcelona, Spain, 2Maputo Central Hospital, Maputo, 
Mozambique, 3Hospital Clinic, Barcelona, Spain, 4Hospital Clinic/ISGlobal, 
Barcelona, Spain

There is a need for accurate estimates of cause of death (CoD) in low 
income regions. Verbal autopsies and clinical records have shown to be 
inaccurate. Complete diagnostic autopsies (CDA), the gold standard 
for CoD determination are challenging due to poor acceptability and 
limited facilities and human resources. Minimally invasive autopsy (MIA), 
a simplified procedure involving body fluid and organ-directed sampling 
followed by pathology and microbiology analyses could become an 
alternative to CDA. However, there is very limited information on its 
performance. We aimed to analyze the concordance between MIA and 
CDA. A standardized procedure for the MIA was tested in a series of 
50 autopsies from adults performed at the Maputo Central Hospital, 
in Mozambique. The MIA was performed by a single pathologist and 
was followed by a CDA done by a different pathologist. The histological 
examination of the MIA was done blindly, without any knowledge of the 
clinical data or the results of the CDA. The microbiological evaluation 
of the MIA included culture of organs and body fluids as well as routine 
analyses for HIV, HBV, malaria and tuberculosis, plus specific analyses 
guided by the histological results. The final CoD obtained in the MIA 
was compared with the results obtained in the gold standard CDA. 
Final CoD, as determined in the CDA, were infectious diseases in 30/50 
(60%), malignant tumors in 10 (20%) and other causes in 10 patients 
(20%). A complete agreement between the MIA and the CDA results was 
observed in 44/50 procedures (88%). The MIA identified 29/30 (97%) of 
the infectious diseases and in 27 of them the specific etiologic agent was 
identified in the microbiological analyses. 8/10 malignant tumors and 7/10 
other causes were also correctly identified by the MIA. In conclusion, a 
simple MIA procedure identifies the specific CoD in a high proportion of 
cases and shows a very high concordance with the results of CDA, the 
gold standard for CoD attribution. 

1270
GENETIC RISK FACTORS ASSOCIATED WITH DENGUE 
SEVERITY: A CASE-CONTROL STUDY

Junxiong Vincent Pang1, Eileen Png2, Chiea Chuen Khor2, Tun-
Linn Thein1, David C Lye1, Yee-Sin Leo1, Martin L. Hibberd2

1Tan Tock Seng Hospital, Singapore, Singapore, 2Genome Institute of 
Singapore, Singapore, Singapore

Dengue disease results in a wide spectrum of disease manifestations 
ranging from subclinical infection to severe and fatal disease. Severe 

dengue is characterized by an increase in vascular permeability that 
leads to life-threatening hypovolemic shock (dengue shock syndrome-
DSS). Furthermore, there is an increasing trend of hospitalized dengue 
adult patients with warning signs over the last decades. Genetics risk 
factors that may have predisposed individuals to the differential dengue 
severity are still lacking as most studies are limited by the candidate gene 
approach and relatively small sample size. From our previous genome-
wide association analysis (GWAS) involving about 6000 subjects, we have 
identified single-nucleotide polymorphisms (SNPs) in the gene MICB, 
which is a heavily glycosated ligands for the NKG2D type II receptor that 
activates the cytolytic response of natural killer cells. Using targeted-
next generation sequencing, we further explored the potential causal 
variant of dengue severity. We identified a nonsynonymous substitution 
due a rare SNP (minor allele frequency=0.01) that converts an arginine 
amino acid to a stop codon, that was postulated to generate a truncated 
MICB ligand for activation of cytolytic response of immune cells. This 
SNP was validated in an independent cohort with 4000 DSS cases and 
6000 controls with per-allele risk effect of 1.82 (P-value=0.00026). In 
addition, GWAS was also performed using 600 blood samples collected 
from hospitalised adult patients with signifcant dengue severity and 600 
non-hospitalised mild patients to identify SNPs that may have predisposed 
these individuals. We identified SNPs from TPO (per-allele OR=1.54;P-
value<0.000001) gene and noncoding regions near SNX16 gene (per-allele 
OR=0.65;P-value<0.000001). In conclusion, these studies have identified 
potential genetic risk factors in a genome-wide approach as baseline risk, 
which may be useful in an early triage tool for implementation of dengue 
prevention initiatives such as the future dengue vaccine to a more targeted 
population.

1271
REGULATORY T CELL RESPONSES IN ENDEMIC BURKITT 
LYMPHOMA PATIENTS ARE ASSOCIATED WITH POOR 
OUTCOME

Emily Parsons1, David H. Mulama2, John Michael Ong’echa2, 
John Vulule2, Juliana A. Otieno3, Jonathan D. Kurtis4, Christian 
Münz5, V. Ann Stewart1, Ann M. Moormann6

1Uniformed Services University of the Health Sciences, Bethesda, MD, 
United States, 2Kenya Medical Research Institute, Kisumu, Kenya, 
3Jaramogi Oginga Odinga Teaching and Referral Hospital, Kisumu, 
Kenya, 4Lifespan Department of Pathology, Rhode Island Hospital and 
The Miriam Hospital, Providence, RI, United States, 5Department of Viral 
Immunobiology, Institute of Experimental Immunology, University of 
Zürich, Zürich, Switzerland, 6University of Massachusetts Medical School, 
Worcester, MA, United States

Endemic Burkitt lymphoma (eBL) is a B cell lymphoma uniquely associated 
with both Epstein-Barr virus (EBV) and malaria, and accounts for the 
majority of pediatric cancers in sub-Saharan Africa. Unlike other EBV+ 
tumors for which novel T cell modulating therapies are being developed, 
T cell contribution to eBL disease progression and survival has not been 
characterized. Previous studies suggest that tumor development is 
associated with a loss of EBV-specific pro-inflammatory responses, and a 
role for regulatory T (Treg) cells has been shown in other EBV-associated 
cancers. We hypothesized that T cells from eBL patients have higher Treg 
cell frequencies and higher EBV-specific regulatory responses that decrease 
with successful disease resolution. By flow cytometry, we examined 
peripheral blood mononuclear cells collected in a longitudinal eBL cohort 
study and found that at the time of diagnosis, patients who died had 
significantly higher frequencies and absolute cell counts of CD25+Foxp3+ 
Treg cells, with higher counts of CD45RA+Foxp3lo naïve and CD45RA-
Foxp3hi effector Treg subsets. Examination of longitudinal time points 
showed that Treg frequencies remain low in event-free survivors, while 
patients who relapsed had peaks of elevated Treg frequencies. CD4+ T 
cells in non-survivors secreted higher levels IL-10 in response to both EBV 
and malaria antigens. Both CD4+ and CD8+ T cells in eBL patients exhibit 
a more exhausted phenotype with higher levels of PD-1, and patients 
who died were deficient in CD8+ IFN-γ responses to EBV antigen. These 
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data suggest that poor outcomes in eBL patients are associated with a 
predominantly immunoregulatory environment. Treg frequencies are a 
potential biomarker of disease progression, and suppression of Treg activity 
is a potential therapeutic target to improve eBL survival.

1272
HIGH THROUGHPUT MULTIPLEX DNA EXTRACTION PCR IN 
THE EVALUATION OF PATIENTS WITH INFECTIOUS DIARRHEA

Bradley A. Connor1, Susan Lucak1, Maryna Rogova2, Olga Whyte2

1Weill Cornell Medical College, New York, NY, United States, 2New York 
Center for Travel and Tropical Medicine, New York, NY, United States

In the majority of cases of infectious diarrhea no specific microbial 
pathogen is identified. Culture independent diagnostic techniques 
including high throughput multiplex DNA extraction PCR should increase 
our diagnostic capabilities with increased sensitivity and by allowing 
the simultaneous detection of a variety of enteric pathogens including 
bacteria, protozoans and viruses. Such a multiplex approach is well-suited 
to the syndromic nature of infectious diarrhea. We describe the use of one 
such multiplex platform, the BioFire FilmArray GI panel which tests for 22 
enteric pathogens. Stool specimens were collected in Cary Blair transport 
media from patients who presented to our clinic with either travelers’ 
diarrhea, community acquired diarrhea or from specimens obtained 
in patients undergoing colonoscopy for screening or for evaluation of 
non-diarrheal gastrointestinal complaints. 394 patient specimens were 
collected from May 14, 2014 to March 5, 2015. Of these, 104 specimens 
were from patients who had recently traveled, 214 were from patients 
with community-acquired diarrhea and 76 were obtained from patients 
during colonoscopy. A total of 134 specimens (34%) were positive for 
enteric pathogens. Of these 42 specimens (31%) were positive for multiple 
pathogens. 47 (45%) travel patients tested positive for enteric pathogens. 
Pathogens most often identified in this group were EPEC (17), EAEC (16), 
Giardia (6) and Sapovirus (6). 71 (33%) patients with community acquired 
diarrhea tested positive for enteric pathogens. Most common in this 
group were EPEC (33), EAEC (20), and C. difficile. 16 (21%) specimens 
obtained from patients during colonoscopy were positive for enteric 
pathogens. Most common in this group were C. difficile (9), EPEC (9), and 
EAEC (5). Our results confirm an increased detection rate in patients with 
diarrhea compared with conventional methods such as bacterial culture 
and microscopy. Multiplex testing appears to be associated with a higher 
rate of mixed infections. In addition asymptomatic carriage of enteric 
pathogens appears to occur in patients undergoing colonoscopy for non-
diarrheal indications.

1273
FIELD EVALUATION OF PORTABLE MICROSCOPES FOR THE 
DIAGNOSIS OF SCHISTOSOMIASIS, INTESTINAL PROTOZOA, 
AND MALARIA IN RURAL CÔTE D’IVOIRE

Jean T. Coulibaly1, Mamadou Ouattara1, Michael V. D’Ambrosio2, 
Daniel A. Fletcher2, Jennifer Keiser3, Jürg Utzinger3, Jason R. 
Andrews4, Isaac I. Bogoch5

1Université Félix Houphouët-Boigny, Abidjan, Côte D’Ivoire, 2University of 
California Berkeley, Berkeley, CA, United States, 3University of Basel, Basel, 
Switzerland, 4Stanford University, Palo Alto, CA, United States, 5Toronto 
General Hospital, Toronto, ON, Canada

Basic microscopy services are lacking in many resource-constrained 
settings where the greatest need exists. Portable and mobile phone-based 
microscopes are being developed to provide quality diagnostic support and 
may be valuable tools in resource-constrained settings. Virtually all studies 
evaluating this new technology are in ideal laboratory environments or 
with expert microscopists, and more work is required to validate these 
devices in real-world settings. We evaluated laboratory technicians’ 
performance of two novel microscope devices - the Newton Nm1 Portable 
Field Microscope and the reversed-lens CellScope for the diagnosis of 
schistosomiasis, intestinal protozoa and malaria infections in a community-

based screening program in rural Côte d’Ivoire. One Kato-Katz prepared 
stool samples from 228 individuals was first evaluated by conventional 
light microscopy (gold standard) and subsequently by experimental 
microscopes. For Schistosoma mansoni and S. haematobium diagnoses, 
laboratory technicians using the Newton Nm1 microscope demonstrated 
sensitivities of 91.7% and 81.1% respectively, and specificities of 99.5% 
and 97.1% respectively. The sensitivity and specificity for S. mansoni 
and S. haematobium diagnosis using the reversed-lens CellScope was 
50.0% and 35.6% respectfully, and 99.5% and 100% respectively. 121 
separate slides were examined by both conventional microscopy and the 
Newton Nm1 microscope for intestinal protozoa infections. The Newton 
Nm1 microscope demonstrated a sensitivity of 80.2% for Entamoeba 
histolytica/dispar and Giardia intestinalis diagnoses, and specificity was 
100% for both pathogens. Finally, 223 malaria thin smears were examined 
by both conventional microscopy and the Newton Nm1 microscopy. The 
Nm1 microscope demonstrated a sensitivity of 80.2% and a specificity of 
100% for the diagnosis of Plasmodium falciparum, and quantitative 
agreement of parasitemia was excellent (Pearson’s r: 0.997). Portable and 
mobile phone microscopy have the potential to deliver quality diagnostics 
in resource-constrained settings and facilitate clinical and public health 
initiatives.

1274
A PHASE 1 TRIAL TO ASSESS THE SAFETY, ATTENUATION 
AND IMMUNOGENICITY OF GENETICALLY-ATTENUATED 
P52-/ P36-/SAP1- PLASMODIUM FALCIPARUM PARASITES 
VIA THE BITES OF INFECTED ANOPHELES STEPHENSI 
MOSQUITOES

James G. Kublin1, Sean C. Murphy2, Sebastian Mikolajczak3, Lisa 
Shelton3, Tracie VonGoedert3, Brandon Sack3, Stefan Kappe3

1Fred Hutch, Seattle, WA, United States, 2University of Washington, 
Seattle, WA, United States, 3Seattle BioMed, Seattle, WA, United States

Attenuated Plasmodium sporozoite vaccines achieve unprecedented levels 
of protection against infectious challenge. Both irradiated sporozoites 
and genetically-attenuated parasites (GAPs) are under consideration for 
product development. In contrast to genetic heterogeneity observed 
with irradiated sporozoites, GAPs undergo definitive gene deletion with 
permanent genetically-defined attenuation and may provide a more 
rational approach for inducing consistently protective immune responses. 
Multiple rodent GAPs have been produced, and the cumulative data 
show that the GAP approach can confer sterile protective immunity. A 
double gene deletion P. falciparum GAP lacking p52 and p36 (GAP2KO, 
Pf p52-/p36-) was generated. A Phase 1 clinical trial of GAP2KO was 
conducted and at the high 200-bite dose, one of six subjects developed 
a breakthrough blood-stage infection, indicating conspicuous but 
incomplete attenuation. To ensure further attenuation, a third deletion 
was made to the critical liver stage gene encoding Sporozoite Asparagine-
rich Protein 1 (GAP3KO, p52-/p36-/sap1-). We conducted a single arm, 
open-label, phase 1 experimental medicine study designed to evaluate 
the safety and tolerability of GAP3KO. The study was designed to 
confirm attenuation of GAP3KO using peripheral blood smears and to 
evaluate cellular and humoral immune responses. A total of 10 healthy, 
malaria-naïve adult subjects were enrolled and received GAP3KO via the 
bites of 150-200 GAP3KO-infected A. stephensi mosquitoes. To confirm 
attenuation, subjects were evaluated for safety, reactogenicity, and signs 
and symptoms of malaria infection for 28 days, including monitoring in a 
hotel setting on Days 8-18 post-GAP3KO administration. All 10 subjects 
that received GAP3KO did so without incident and completed the 28 
day study period. Local and systemic solicited adverse events reported as 
primary endpoints were classified as Grade 1 (mild) and 2 (moderate). 
All subjects remained negative for patent parasitemia as demonstrated 
by evaluation of peripheral blood smears. GAP3KO elicited significant 
immune responses and will proceed in development.
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1275
EFFICACY AND SAFETY OF A PHASE 1 TRIAL WITH 
CHALLENGE TO ASSESS THE SAFETY AND BIOMARKERS 
OF PROTECTION IN MALARIA-NAÏVE ADULTS OF 
IMMUNIZATION VIA MOSQUITO BITE WITH RADIATION-
ATTENUATED PLASMODIUM FALCIPARUM SPOROZOITES 
(IMRAS)

Bradley Hickey1, Sharina Reyes1, Joanne Lumsden1, Jo Glenna 
Banania1, Charlotte Fedders1, Alicia Simmons1, Anatalio Reyes1, 
Carlos Vasquez1, Yolanda Alcorta1, Alexandra Singer1, Cindy 
Tamminga1, Nimfa Teneza-Mora1, Silas Davidson2, Megan Dowler2, 
Lindsey Garver2, Harini Ganeshan1, Jun Huang1, Maria Belmonte1, 
Arnel Belmonte1, Esteban Abot1, Thomas Richie1, Martha 
Sedegah1, Eileen Villasante1, Judith Epstein1

1Naval Medical Research Center, Silver Spring, MD, United States, 2Walter 
Reed Army Institute of Research, Silver Spring, MD, United States

The “IMRAS” (immunization via mosquito bite with radiation-attenuated 
sporozoites) study is a comprehensive, systems biology-based effort to 
identify and validate biomarkers of protection with PfRAS immunization, 
comparing sterilely protected to non-protected study subjects. The 
primary objective of the clinical trial is to achieve approximately 50% 
sterile protection. Twenty-four malaria-naïve adults will receive five 
doses of approximately 200 infectious bites (200-400 bites total) from 
PfRAS-infected mosquitoes (true-immunization) and 8 additional 
subjects will receive the same from irradiated, uninfected mosquitoes 
(mock-immunization). Three weeks after the fifth immunization, all 
immunized subjects (true-immunized and mock-immunized) plus non-
immunized infectivity controls will undergo controlled human malaria 
infection (CHMI). To increase sample size and enable flexibility toward 
the protection goal, the study was designed with two cohorts and an 
adjustable dosing schedule for Cohort 2 in the event protection in Cohort 
2 was <40% or >60%. During 2014, 95 subjects were screened; 28 were 
enrolled and assigned to study groups in Cohort 1. Seventeen subjects 
received at least one true (n = 13) or mock (n = 4) immunization, and six 
subjects were retained as infectivity controls. Fourteen subjects received 
the complete series of five true (n = 11) or mock (n = 3) immunizations. 
The immunizations were generally well tolerated although two subjects 
(one true-immunized and one mock-immunized) developed large, local 
reactions with significant proximal extension that became generalized, 
but confined to the skin. In both cases the reaction resolved uneventfully 
over one or two days without sequelae, however both subjects were 
withdrawn from participation. Six of the 11 (55%) true-immunized 
subjects were sterilely protected, thus achieving the goal of approximately 
50% protection. All mock-immunized and infectivity controls were non-
protected. Enrollment and immunization of Cohort 2 will mirror that of 
Cohort 1 and efficacy data is expected late 2015.

1276
LONG TERM EFFICACY, SAFETY, REACTOGENICITY, 
AND IMMUNOGENICITY OF PHASE IIA, OPEN-LABEL, 
CONTROLLED STUDY FOR THE RTS,S/AS01B MALARIA 
VACCINE CANDIDATE ADMINISTERED AS STANDARD DOSES 
AT 0 AND 1 MONTHS AND 1/5TH STANDARD DOSE AT 
7 MONTHS (DELAYED FRACTIONAL DOSE GROUP) AND 
ADMINISTERED AS THREE STANDARD DOSES ONE MONTH 
APART (0, 1, 2-MONTH GROUP) IN HEALTHY MALARIA-
NAÏVE VOLUNTEERS AGED 18-50 YEARS

Jason A. Regules1, Susan B. Cicatelli1, Jason W. Bennett1, 
Kristopher M. Paolino1, Patrick S. Twomey1, James E. Moon1, April 
K. Kathcart1, Kevin D. Hauns1, Jack L. Komisar1, Aziz N. Qabar1, 
Silas A. Davidson1, Matthew E. Griffith2, Charles D. Magee2, 
Mariusz Wojnarski1, Jeffrey R. Livezey1, Adrian T. Kress1, Erik 
Jongert3, Ulrike Wille-Reece4, Marc Lievens3, Danielle Morelle3, 
Cynthia K. Lee4, Bebi Yassin-Rajkumar4, Richard Weltzin4, Joe 
Cohen3, Robert M. Paris1, Norman C. Waters1, Ashley J. Birkett4, 
David C. Kaslow4, W. Ripley Ballou3, Christian F. Ockenhouse4, 
Johan Vekemans3

1Walter Reed Army Institute of Research, Silver Spring, MD, United States, 
2Uniformed Services University of the Health Sciences, Bethesda, MD, 
United States, 3GlaxoSmithKline Vaccines, Rixensart, Belgium, 4PATH 
Malaria Vaccine Initiative, Washington, DC, United States

Plasmodium falciparum malaria continues to be a leading cause of 
global morbidity and mortality. Although the RTS,S/AS01 malaria vaccine 
has been submitted to the European Medicines Agency for regulatory 
review, efforts continue to improve its efficacy and durability. In one of 
the first P. falciparum controlled human malaria infection (CHMI) trials 
evaluating early formulations of RTS,S, six of seven subjects vaccinated 
with RTS,S/AS02A were protected against sporozoite challenge. After 
systemic reactogenicity was observed following the second dose, and 
given the limited experience with this adjuvant formulation at the 
time, the third dose was reduced to one-fifth of the standard dose and 
administered 6 months after the previous dose (0, 1, and 7 months). 
Despite the high level of protection, this delayed fractional dose (DFD) 
regimen has never been repeated in subsequent studies. It is biologically 
plausible that a DFD regimen may have clinically important qualitative 
and quantitative impacts on vaccine immunogenicity and consequently 
on vaccine efficacy. Considering this, we conducted a phase 2a study 
(NCT01857869) of RTS,S/AS01B with CHMI to re-investigate the DFD 
regimen in a larger trial of healthy malaria-naïve adult volunteers. The 
study enrolled 34 volunteers in the DFD group (received standard doses 
of RTS,S/AS01B at 0 and 1 months and 1/5th standard dose at 7 months) 
and 17 in the active control group (received standard doses RTS,S/AS01B 
at 0,1, and 2 months). P. falciparum-infected mosquito CHMI, including 
infectivity controls, was performed 21 days after the third vaccine dose. 
Re-challenge was also conducted 7 months after the third vaccine dose, 
with or without a fractional booster dose in a subset of volunteers. Trial 
safety, reactogenicity, immunogenicity, and efficacy after CHMI will be 
reported.
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SAFETY, IMMUNOGENICITY AND EFFICACY OF THE 
COMBINATION MALARIA VACCINE REGIMEN OF RTS,S/
AS01B CONCOMITANTLY ADMINISTERED WITH CHAD-MVA 
VIRAL VECTORS EXPRESSING ME-TRAP

Tommy Rampling1, Georgina Bowyer1, Danny Wright1, Navin 
Venkatraman1, Ruth Payne1, Saranya Sridhar1, Nick Edwards1, Ian 
Poulton1, Egeruan B. Imoukhuede1, Johan Vekemans2, Robert 
Sinden1, Rachel Roberts1, Richard Weltzin3, Danielle Morelle2, Bebi 
Yassin-Rajkumar3, Ashley J. Birkett3, Karen L. Ivinson3, Christian 
F. Ockenhouse3, Ulrike Wille-Reece3, Cynthia K. Lee3, Saul Faust4, 
Graham Cooke5, David Lewis6, Alison Lawrie1, W. Ripley Ballou2, 
Katie Ewer1, Adrian Hill1
1University of Oxford, Oxford, United Kingdom, 2GlaxoSmithKline 
Biologicals, Rixensart, Belgium, 3PATH MVI, Washington, DC, United 
States, 4University of Southampton, Southampton, United Kingdom, 
5Imperial College London, London, United Kingdom, 6University of Surrey, 
Guildford, United Kingdom

The global healthcare burden of Plasmodium falciparum malaria 
remains high. Both RTS,S/AS01 and a prime-boost regimen using viral 
vectors ChAd63 and MVA expressing the ME-TRAP antigen have shown 
partial efficacy. In an attempt to increase vaccine efficacy an initial trial 
was conducted in 2013/2014 in which RTS,S/AS01B and the viral vectors 
were administered in a staggered fashion, and subsequently evaluated 
for protection by controlled human malaria infection (CHMI). A high level 
of protective efficacy was seen in both the RTS,S/AS01B plus viral vectors 
group, and RTS,S/AS01B alone groups (82.4% [95% CI 64%-100%] 
and 75% [95% CI 54%-96%] respectively). To further investigate this 
initial finding, we designed this phase I/IIa, open-label, CHMI study (NCT 
no. NCT02252640) to assess the safety, immunogenicity and efficacy of 
concomitant administration of viral vectors with RTS,S/AS01B. Furthermore, 
to evaluate the finding of high efficacy (86% [95% CI 12%-98%]) in a 
CHMI trial conducted in 1997, where subjects had received 2 standard 
doses of RTS,S/AS02A and a reduced (1/5th standard dose) third dose, 
RTS,S/AS01B was administered in this current trial as a standard dose 
regimen or in a regimen where the third dose was reduced to 1/5th of 
the standard dose. We enrolled healthy malaria naïve adults into 1 of 
4 groups using a factorial design. All groups received 3 doses of RTS,S/
AS01B. Groups 1 and 3 received 3 standard doses of RTS,S/AS01B at weeks 
0, 4 and 8, whilst groups 2 and 4 received 2 standard doses at weeks 0 
and 4 and a fractional (1/5th) dose at week 8. In addition, groups 3 and 4 
received concomitant vaccinations at the same site with ChAd63 ME-TRAP 
at week 0, and MVA ME-TRAP at weeks 4 and 8. Efficacy was assessed 
by CHMI delivered by mosquito bites approximately 3 weeks after the last 
dose. Safety, immunogenicity of the vaccine regimen, and efficacy results 
from the CHMI will be presented.

1278
PHASE 1 TRIAL WITH CONTROLLED HUMAN MALARIA 
INFECTION: AN OPEN LABEL DOSE-ESCALATION SAFETY, 
REACTOGENICITY, IMMUNOGENICITY, AND EFFICACY STUDY 
OF THE CANDIDATE VACCINE PLASMODIUM FALCIPARUM 
MALARIA PROTEIN (FMP012), AN E. COLI-EXPRESSED CELL-
TRAVERSAL PROTEIN FOR OOKINETES AND SPOROZOITES 
(PFCELTOS), ADMINISTERED INTRAMUSCULARLY WITH THE 
ADJUVANT SYSTEM AS01B IN HEALTHY, MALARIA-NAÏVE 
ADULTS

Jason W. Bennett1, Donna Tosh1, Elke Bergmann-Leitner1, 
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A highly efficacious malaria vaccine against Plasmodium falciparum is 
a key element in the effort to prevent infection and eradicate malaria. 
The pre-erythrocytic antigen named cell-traversal protein for ookinetes 
and sporozoites (CelTOS) appears to be critical in order for the sporozoite 
to traverse host cells in vertebrates and successfully initiate an infection. 
CelTOS is highly conserved among Plasmodia, suggesting an important 
functional role. Falciparum malaria protein 12 (FMP012) is a recombinant 
subunit protein based on CelTOS from the 3D7 clone of P. falciparum 
expressed in and purified from E. coli using a unique synthetic “codon 
harmonized” gene construct resulting in optimal folding and expression. In 
an earlier clinical trial at Walter Reed Army Institute of Research, FMP012 
in combination with an alternate adjuvant was well tolerated but did 
not induce sterile immunity. One subject had a significant delay in the 
pre-patent period and had both the highest antibody titer and highest 
IFN-γ ELISpot response to FMP012 on the day of challenge compared to 
the other subjects (NCT01540474). To further assess potential efficacy, 
we performed a phase 1 vaccine safety and immunogenicity study 
of FMP012 formulated with the Adjuvant System AS01B followed by 
controlled human malaria infection (CHMI) challenge (NCT02174978). 
The study incorporated dose-escalation of the antigen in combination 
with a fixed adjuvant dose. A total of 30 volunteers were divided into 2 
dosage groups (15 subjects per group), each receiving 4 intramuscular 
injections at 0, 1, 2, and 6 months. A P. falciparum-infected mosquito 
CHMI was performed in 6 infectivity control volunteers and both vaccine 
groups 21 days following the fourth vaccination. The safety, reactogenicity, 
immunogenicity, and efficacy results of the FMP012/AS01B vaccine are 
reported.
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1279
A TRANSMISSION BLOCKING VACCINE AGAINST 
PLASMODIUM FALCIPARUM, PFS25H-EPA/ALHYDROGEL®: 
RESULTS FROM THE FIELD

Sara A. Healy1, Issaka Sagara2, Mahamadoun H. Assadou2, 
Merepen A. Guindo2, Mamady Kone2, Ibrahima Baber2, Erin 
Gabriel3, Kourane Sissoko2, Intimbeye Tembine2, Djibril Traore2, 
M’Bouye Doucoure2, Sintry Sanogo2, Amadou Konate2, Kelly 
Rausch1, David L. Narum1, David L. Jones1, Nicholas MacDonald1, 
Daming Zhu1, Amagana Dolo2, Mamadou B. Coulibaly2, Jen C. 
Hume1, Yimin Wu1, Ogobara Doumbo2, Patrick E. Duffy1

1National Institutes of Health, Laboratory of Malaria Immunology and 
Vaccinology, National Institute of Allergy and Infectious Diseases, Rockville, 
MD, United States, 2Malaria Research and Training Center, Mali-NIAID 
ICER, USTTB, Bamako, Mali, 3National Institutes of Health, Biostatical 
Research Branch, National Institute of Allergy and Infectious Diseases, 
Rockville, MD, United States

Transmission blocking vaccines (TBV) are a critical strategy for malaria 
elimination and eradication in Sub-Saharan Africa. A double blind, 
randomized, controlled Phase 1 clinical trial was completed to assess the 
safety and immunogenicity of Pfs25H-EPA/Alhydrogel® in malaria exposed 
Malian adults. One hundred and twenty healthy adult volunteers aged 18-
45 years old living in the village of Bancoumana, Mali were enrolled into 
the study. Among the 120 participants, 20 (low dose of 16µg Pfs25H-EPA/
Alhydrogel® or control) received 2 doses (Days 0 and 56) and 100 (high 
dose of 47µg Pfs25H-EPA/Alhydrogel® or control) received 4 doses (Days 
0, 56, 112, and 480). The clinical study was recently unblinded in March 
2015. Overall, Pfs25H-EPA/Alhydrogel® TBV has been well tolerated 
and produced significant antibody responses in a malaria exposed adult 
population. Unblinded results of safety, immunogenicity, and functional 
transmission blocking activity (measured by standard membrane feeds, 
direct skin feeds, and experimental hut studies) will be presented.

1280
ASSESSING EFFICACY OF THE PFSPZ VACCINE BY 
CONTROLLED HUMAN MALARIA INFECTION IN BAGAMOYO 
TANZANIA

Seif Shekalaghe
Ifakara Health Institute, BRTC, Bagamoyo, United Republic of Tanzania

Assessing efficacy of the PfSPZ Vaccine by controlled human malaria 
infection in Bagamoyo Tanzania Seif Shekalaghe, Said Jongo, Elena 
Moreno, Omar Lweno, Ali Hamad, Kamaka Kassim, Omar Juma, Conrad 
Gwandu, William Kato, Caroline Mavere, Ramla Rashid, Jackson Mollel, 
Maximillian Mpina, Anneth Tumbo, Catherine Mkindi, Selina Joseph, 
Mohammed Mgeni, Claudia Daubenberger, Peter Billingsley, Thomas 
L Richie, Marcel Tanner, Salim Abdullah, Stephen L Hoffman African 
scientists are now spearheading phase 1 or proof-of-concept studies 
that have a controlled protection component. Recently, Sanaria Inc., 
has developed aseptic, purified, cryopreserved infectious Plasmodium 
falciparum (Pf) sporozoites (SPZ) (PfSPZ Challenge), suitable for parenteral 
injection and shippable to any location able to conduct GCP studies. PfSPZ 
Challenge has now been tested in the US, Europe, Africa. 3200 infectious 
PfSPZ administered by direct venous inoculation (DVI) reproduces the near 
100% infection rate and 11-12 day pre-patent period of the traditional 
five-mosquito bite CHMI. For the first, we used PfSPZ Challenge to test 
the efficacy of a candidate malaria vaccine against CHMI administered by 
DVI. PfSPZ Vaccine are non-replicating due to radiation attenuation. PfSPZ 
Vaccine has shown 100% efficacy in a study at The Vaccine Research 
Center, National Institute of Allergy and Infectious Diseases, in the group 
received the highest (135,000 PfSPZ by DVI at wks 0, 4, 8, 12 and 20). 
Ifakara Health Institute at Bagamoyo has compared the same regimen, but 
delivered twice (270,000 PfSPZ) at each of the five time points, in adults. 
Vaccine was assessed for protection against CHMI delivered by DVI at 3 

and 24 weeks after the fifth dose. We will present safety, tolerability and 
efficacy data for this unique study that is opening an exciting pathway for 
malaria vaccine testing and development in Africa and the world.

1281
THE SOIL INHABITING METARHIZIUM FUNGI AND THEIR 
VIRULENCE AGAINST MALARIA MOSQUITOES ANOPHELES 
GAMBIAE S.L. IN BURKINA FASO

Etienne Bilgo1, Brian Richard Lovett2, Raymond J. Leger2, Marcelo 
J. Lorena3, Roch K. Dabiré1, Antoine Sanon4, Abdoulaye Diabaté1

1IRSS/Centre Muraz, Bobo Dioulasso, Burkina Faso, 2Department 
of Entomology, College Park, MD, United States, 3John Hopkins 
Malaria Research Institute, Baltimore, MD, United States, 4Laboratoire 
d’Entomologie Fondamentale et Appliquée, UFR/SVT, Université de 
Ouagadougou, Ouagadougou, Burkina Faso

Fungi can infect mosquitoes through direct contact with the cuticle, 
so lend themselves to strategies currently used for delivery of chemical 
insecticides. In addition, they are environmentally friendly alternatives to 
pesticides. Much attention has focused on the ascomycetes Metarhizium 
spp. and Beauveria spp. These species are soil-inhabiting, insect-
pathogenic fungi and are associated with the rhizosphere. However, not 
much is known about the distribution of these fungi in the rhizosphere 
and their potential virulence against adult malaria mosquitoes in the field 
in Burkina Faso. Here, we monthly explored a preferred habitat of these 
fungi during the dry and wet season from 2014-2015 in five different 
sites. Fungi were isolated and cultured in a sterile environment. Potato 
Dextrose Agar (PDA), a common medium for isolating fungi, and PDA 
+ CTAB+ Chloramphenicol, a selective medium were used for isolation. 
Aspergillus spp., Trichoderma spp. and Metarhizium spp. were 
the main genera isolated from all the sites and throughout the year. 
Metarhizium spp. represented between 34 and 75% of isolated samples 
according to the sites and the season. Eleven different Metarhizium 
spp. isolates from the rhizosphere at the concentration 108 conidia/mL 
were used for bioassays to infect adult mosquitoes Anopheles gambiae 
s.l. Overall, the corrected mortality percentage by the Abbott’s formula 
was between 79% and 100% after 2 weeks infection. In addition, the 
LT50 of these isolates globally varied from 6 to 10 days. To follow up, the 
stress tolerance experiments to determine the fitness and PCR analysis 
for species identification will be carried out on the virulent species. These 
results are extremely encouraging for using locally isolated Metarhizium 
isolates in biological and transgenic biocontrol methods against malaria.

1282
ACTIVITY OF THE PYRROLE INSECTICIDE CHLORFENAPYR 
ON LLIN IN MOSQUITO BIOASSAY AND SEMI FIELD TRIALS: 
IMPLICATIONS FOR FUTURE INSECTICIDE TESTING

Mark W. Rowland, Richard Oxborough, Raphael N’Guessan
London School of Hygiene & Tropical Medicine, London, United Kingdom

The rapid selection of pyrethroid resistance in Africa is a serious threat to 
malaria vector control. Chlorfenapyr is a pyrrole insecticide which shows 
no cross resistance to conventional insecticide classes and is effective on 
mosquito nets in semi field conditions. Unlike neurotoxic insecticides, 
chlorfenapyr owes its toxicity to disruption of metabolic pathways in 
mitochondria. A series of experiments explored whether standard World 
Health Organization guidelines for evaluation of long-lasting insecticidal 
nets are adequate for evaluation of non-neurotoxic insecticides. The 
efficacy of WHO recommended test methods were compared for 
pyrethroids and chlorfenapyr. Mosquito behaviour and response to 
chlorfenapyr ITN in bioassays conducted at night was compared to day 
and across a range of temperatures representative of highland and 
lowland transmission. Standard bioassay tests on chlorfenapyr produced 
extremely low levels of mortality which was not at all predictive of the 
levels of mortality achieved under field conditions. The endogenous 
circadian activity rhythm of anophelines results in inactivity by day and 
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raised metabolism and flight activity by night. A model which explains 
improved toxicity of chlorfenapyr ITN when tested at night, and during 
the day at higher ambient temperature, is that activation of chlorfenapyr 
and disruption of respiratory pathways is enhanced when the insect is 
more metabolically and behaviourally active. Testing according to accepted 
guidelines is not suitable for certain types of non-neurotoxic insecticide 
which, though highly effective in field trials, would be overlooked at the 
screening stage of evaluation through bioassay. WHO testing methods 
must be tailored to the characteristics and mode of action of each 
insecticide class. The WHO tunnel test or experimental hut trial on night 
active anophelines is only reliable bioassay for identifying the toxicity of 
novel insecticides on nets.

1283
IVERMECTIN INHIBITS THE DEVELOPMENT OF PLASMODIUM 
VIVAX IN ANOPHELES DIRUS

Kevin C. Kobylinski1, Ratawan Ubalee1, Alongkot Ponlawat1, 
Wes McCardle1, Brian Foy2, Daniel Szumlas3, Jason Richardson4

1Armed Forces Research Institute of Medical Sciences, Bangkok, Thailand, 
2Colorado State University, Fort Collins, CO, United States, 3Walter Reed 
Army Institute of Research, Silver Spring, MD, United States, 4Armed 
Forces Pest Management Board, Silver Spring, MD, United States

Novel vector control interventions are urgently needed to assist malaria 
drug resistance containment and elimination efforts in the Greater 
Mekong Subregion (GMS). In West Africa, ivermectin MDAs have been 
shown to significantly reduce the survivorship of Anopheles gambiae up 
to six days and the proportion of Plasmodium falciparum-infectious An. 
gambiae up to fifteen days post MDA in Senegal, Liberia, and Burkina 
Faso. Previous laboratory work demonstrated that ivermectin inhibits 
the development of P. falciparum in An. gambiae (ie. sporontocidal). 
Ivermectin is lethal to numerous important GMS malaria vectors including: 
An. dirus, An. minimus, An. campestris, and An. sawadwongporni. 
Here we present that ivermectin is sporontocidal to P. vivax in An. 
dirus when ivermectin is co-ingested with gametocytes at the lethal 
concentration that kills 25 and 5 percent of mosquitoes (ie. LC25 and LC5). 
Briefly, gametocytemic blood was drawn from P. vivax-infected persons 
reporting to malaria clinics in Thailand, the blood was mixed with dilutions 
of ivermectin, and then fed to An. dirus in membrane feeders with and 
without ivermectin. Oocyst prevalence was reduced at the ivermectin LC25 

by 34% (χ2 = 22.75, P < 0.0001) and LC5 by 29% (χ2 = 16.9, P < 0.0001). 
In An. dirus that were P. vivax-infected, oocyst intensity was reduced at 
the ivermectin LC25 by 42% (P = 0.0096) and LC5 by 48% (P = 0.0123). 
Interestingly, An. dirus that ingested P. vivax were substantially more 
susceptible to the ivermectin LC25 compared to control blood meals with 
ivermectin LC25 with a 48% reduction in survivorship to day 7 (χ2 = 64.83, 
P < 0.0001). The combined mosquito-lethal and sporontocidal effects of 
ivermectin suggest that ivermectin MDAs to humans could be a powerful 
new tool to aid elimination efforts in the GMS. Future directions include 
repeating these trials with P. falciparum using malaria-naïve serum from 
ivermectin-treated individuals, and a clinical trial to assess the safety, 
tolerability, pharmacokinetic interaction, and mosquito lethal efficacy of 
ivermectin with artemisinin combination therapies, and primaquine.

1284
THE CYTOCHROME P450 CYP6Z1 GENE AND THE N485I 
ACE-1 MUTATION CONFER CARBAMATE RESISTANCE IN THE 
MAJOR AFRICAN MALARIA VECTOR ANOPHELES FUNESTUS

Sulaiman S. Ibrahim, Miranda Ndula, Jacob M. Riveron, Helen 
Irving, Charles S. Wondji
Liverpool School of Tropical Medicine, Liverpool, United Kingdom

Despite increasing reports of resistance to carbamate insecticides in the 
major African malaria vector Anopheles funestus, its molecular basis 
remains uncharacterized preventing the design of suitable resistance 
management strategies. Here, we dissected the molecular basis of 

bendiocarb resistance showing that carbamate resistance is driven by both 
metabolic and target-site resistance and designed a diagnostic tool to 
detect and track this resistance. Using a microarray-based genome-wide 
transcription profilling and qRT-PCR, we detected candidate carbamate 
resistance genes in Malawian An. funestus. The cytochrome P450 genes 
CYP6P9a, CYP6P9b and CYP6Z1 were the most up-regulated in both 
bendiocarb and pyrethroid resistant mosquitoes suggesting possible cross-
resistance. Using In silico modelling/docking and both in vivo transgenic 
expression in Drosophila and in vitro recombinant enzyme metabolism 
assays, we demonstrated that specific CYP6Z1 confers cross-resistance 
to both insecticide classes whereas CYP6P9a and CYP6P9b are only 
pyrethroid metabolisers. Polymorphism analysis further confirmed that 
CYP6P9a and CYP6P9b were only associated with pyrethroid resistance. 
Investigation of the target resistance through the cloning of the full 2208 
bp of the acetylcholinesterase 1 gene did not detect the common G119S 
but 4 other mutations. A Taqman genotyping of the N485I mutation 
revealed that it significantly correlates with bendiocarb resistance (Odds 
ratio 7.3; P<0.0001). Furthermore, detection of multiple haplotypes in 
single mosquitoes after cloning suggests the duplication of the Ace-1 gene 
in An. funestus and further supported by the absence of any homozygote 
(RR) resistant mosquitoes in the field. Genotyping of the N485I mutation 
in 10 countries reveals that it is only located in Southern Africa (Malawi, 
Mozambique and Zambia) with frequency of 10-15% suggesting a recent 
occurrence of this mutation. These findings will help monitor the spread 
and evolution of carbamate resistance and improve the design of effective 
resistance management strategies to control this major malaria vector.

1285
ENDECTOCIDE-TREATED BIRD FEED FOR THE CONTROL OF 
WEST NILE VIRUS TRANSMISSION

Chilinh Nguyen, Meg Gray, Tim Burton, Wojtek Kuklinski, Brian 
Foy
Colorado State University, Fort Collins, CO, United States

Currently there are limited options for controlling West Nile virus (WNV) 
transmission, including the use of larvicides and adulticides to target 
the mosquito vector. However, these applications are poorly-targeted, 
restricted to wealthy semi-urban and urban areas that are able to fund the 
efforts, and face opposition due to toxicity concerns. This study evaluated 
the use of endectocide-treated bird feed to control WNV transmission 
by targeting the primary vector in Colorado, Culex tarsalis, through its 
blood feeding behavior. Ivermectin (IVM) susceptibility in C. tarsalis was 
measured through IVM-spiked bloodmeals with membrane feeders, and 
the LC50 was determined to be 49.94 ng/ml ([39.71-59.93], n = 988). 
Chickens were then fed IVM-treated feed to examine its safety and 
palatability, and mosquitoes were blood fed directly on the chickens to 
assess in vivo effects. Finally, IVM pharmokinetics were analyzed using 
vein blood from chickens as well the C. tarsalis that bloodfed on the 
chickens. A mixture of 200 mg IVM/kg of bird feed was determined to 
be a palatable and safe dose that chickens would consume while also 
being effective in killing C. tarsalis in bioassays with 95% mortality in 
IVM fed mosquitoes compared to 100% survival in unmedicated controls. 
Pharmacokinetic data from the in vivo tests produced conflicting results 
compared to in vitro blood feeds but IVM was detected in chicken blood 
at concentrations that may be expected to affect C. tarsalis. Dosing, 
safety, and bioassays were also conducted in doves, where 200 mg/kg was 
safe and palatable, while killing 88% of IVM-fed mosquitoes compared 
to 15% control mortality. Additional studies are currently determining 
the effect of IVM on mortality in WNV-infected mosquitoes, as well as if 
sub-lethal doses of ivermectin reduces WNV replication and transmission. 
Preliminary data showed that C. tarsalis mortality is significantly increased 
when given a blood meal including 73.66 ng/ml of IVM and 5x105 PFU/
ml WNV as compared to a blood meal containing only IVM. Our study 
indicates that the use of IVM-treated bird feed could be a novel strategy 
for control of WNV transmission.
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1286
SUCCESSFUL APPLICATION OF A SEQUENCE-BASED 
GENOMEWIDE ASSOCIATION STUDY (GWAS) TO IDENTIFY 
THE GENETIC BASIS OF PYRETHROID RESISTANCE IN 
ANOPHELES ARABIENSIS

David Weetman1, Christopher S. Clarkson1, Christopher M. 
Jones2, Johnson Matowo3, Bilali Kabula4, Daniel E. Neafsey5, 
Martin J. Donnelly1

1Liverpool School of Tropical Medicine, Liverpool, United Kingdom, 
2Rothamstead Research, Harpenden, United Kingdom, 3Kilimanjaro 
Christian Medical University College, Moshi, United Republic of Tanzania, 
4National Institute for Medical Research, Muheza, United Republic of 
Tanzania, 5Broad Institute of Massachusetts Institute of Technology and 
Harvard, Cambridge, MA, United States

The genomic resources available for major vectors within the Anopheles 
gambiae complex create opportunities to apply genomewide association 
(GWAS) approaches to medically-important phenotypes such as insecticide 
resistance. However, in nature the genomes and population genetics 
of mosquitoes present extreme challenges for GWAS, at least using 
standard designs from human studies. We developed a novel hybrid-
GWAS design founded on advances in Anopheles gambiae genome 
sequencing. Focussing on recent and spreading pyrethroid resistance in 
the increasingly-important vector An. arabiensis, we sequenced and 
compared multiple pools of partially or fully resistant and susceptible 
females from wild populations in northern Tanzania and Zanzibar. 
Following application of a stringent analysis pipeline we identify very 
strong, replicated, association signals around gene clusters with known 
involvement in metabolic resistance. Our results suggest that with 
pragmatic experimental design, GWAS in Anopheles is both a feasible 
and powerful option to identify the genetic basis of medically-relevant 
phenotypes and discover diagnostic markers.

1287
STUDY OF CUTICULAR RESISTANCE IN ANOPHELES 
GAMBIAE, FROM PHENOTYPE TO PROTEIN FUNCTION

Yahouedo Gildas
Institut de Recherche pour le Developpement-MIVEGEC, Montpellier, 
France

Cuticular resistance reduce the penetration of insecticide through a 
change in the cuticle composition (lipids and proteins). This resistance 
mechanism has often been described in insects of agricultural interest but 
less characterized in mosquitoes. Cuticle thickness was associated with 
Pyrethroids (Py) resistance in Anopheles funestus. The aim of this study is 
to determine if there is a resistance to Py through cuticular proteins in An. 
gambiae and to characterize their involvement in the process. To do this, 
we selected a resistant strain without kdr mutation to avoid interaction 
between resistance mechanisms. The resistant strain selection of An. 
gambiae without kdr allele was performed through successive cross-
breeding between a wild resistant strain and the susceptible reference 
strain. Insecticide pressure has been applied on this strain on adult 
stage. Biochemical and susceptibility tests were performed for resistance 
monitoring level. Candidate cuticle and metabolic genes were been taken 
on resistant An transcriptomic data of previous studies. RT-qPCR will 
be performed on these candidate genes and the expressions compared 
between resistant and susceptible. The overexpressed genes in resistant 
will be confirmed by RNAi. To measure the penetration of insecticides 
through cuticle, we will proceed a topical application of Py. The insecticide 
and his metabolite within mosquitoes will be determined by GC-MS/
MS or GC-ESD. The resistant mosquitoes group will be compared to the 
susceptible one. Microscopic study will be conducted on the ultrastructure 
of the resistant cuticle versus susceptible as well as proteins involved 
by proteomic approach. The resistant strain has been selected and the 
pressure selection based on insecticide is in progress. Biochemical tests 

already showed an overexpression of non-specific esterase alpha, beta and 
Glutathione S-Transferase. Currently the strain selected with deltamethrin 
recorded 60.93% of mortality after 30 minutes of exposure and that 
selected with permethrin, 84% of mortality after 40 minutes of exposure. 
The study is in progress and interesting results are expected in next 
months.

1288
GENETIC MODIFICATION OF THE DIARRHEAL PATHOGEN 
CRYPTOSPORIDIUM PARVUM

Boris Striepen
University of Georgia, Athens, GA, United States

Cryptosporidium is the second most important pathogen after 
rotavirus to cause moderate to severe diarrhea in children below two 
years of age. Cryptosporidium is also an opportunistic pathogen for 
immunocompromised individuals such as HIV/AIDS patients and organ 
transplant recipients. Currently, there are no fully effective drugs or 
vaccines to treat or prevent cryptosporidiosis. The main roadblock in 
the development of drugs and vaccines is the overall poor tractability of 
Cryptosporidium due to lack of continuous culture system, poor animal 
models and lack of genetic tools. We report here a powerful approach 
to genetically modify this pathogen. We demonstrate the transfection of 
Cryptosporidium parvum sporozoites in tissue culture and optimization 
of regulatory sequences and electroporation conditions to drive expression 
of a luciferase reporter gene. We developed a mouse model for C. 
parvum infection to inject electroporated sporozoites directly into the 
small intestine of IFN-γ knockout mice. We used the CRISPR-Cas9 system 
to knockout the parasite’s thymidine kinase (tk) gene and replace it with a 
cassette expressing the luciferase reporter fused to a neomycin resistance 
gene that conferred paromomycin resistance in vivo. Quantitative 
18S ribosomal RNA PCR and luminescence measurements were used 
to monitor the course of parasite infection in mice and development 
of paromomycin-resistant transgenic parasites. We tested the stable 
transgenic parasites for the loss of the tk gene, and evaluated the use of 
transgenic oocysts for performing drug assays. Our ability to genetically 
engineer C. parvum will help to answer key questions related to parasite 
biology and accelerate the development of novel therapeutics for disease 
intervention.

1289
MOLECULAR DIAGNOSTICS FOR GASTROINTESTINAL 
PARASITES AND IMPACT ON INTESTINAL MICROBIOTA IN 
RURAL ARGENTINIAN CHILDREN

Rojelio Mejia1, Rubén Cimino2, Ashish Damania1, Rebecca Jeun1, 
Patricia Bryan1, Paola Vargas2, Marisa Juarez2, Pamela Cajal2, Julio 
Nasser2, Alejandro Krolewiecki2, Maria E. Bottazzi1, Peter Hotez1, 
Barton Slatko3

1National School of Tropical Medicine, Baylor College of Medicine, 
Houston, TX, United States, 2Universidad Nacional de Salta, Salta, 
Argentina, 3New England BioLabs, Inc., Ipswich, MA, United States

Worldwide, there are over 2 billion people infected with gastrointestinal 
(GI) parasites. Depending on the species, these parasites can disrupt 
intestinal bacterial flora affecting nutritional status. We implemented a 
multi-parallel quantitative real-time PCR (qPCR) and have begun NextGen 
sequencing analysis for microbiota and 8 common GI parasites including 
the helminths, Ascaris lumbricoides (Al), Ancylostoma duodenale 
(Ad), Necator americanus (Na), Strongyloides stercoralis (Ss), 
Trichuris trichiura (Tt) and protozoa, Cryptosporidium parvum (Cp), 
Entamoeba histolytica (Eh) and Giardia lamblia (Gl). Stool samples 
were collected from 116 asymptomatic children (under 10 years old) from 
rural Argentina. qPCR and next generation sequencing was performed 
on microbiota enriched stool sample DNA using shotgun sequencing. 
Among samples, qPCR identified the helminths Al (54.3%) and 37.4% 
for two hookworm species (Na and Ad). For Ss and Tt, 63.6% and 
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0.8% were positive, respectively. For the protozoa, Gl (65.5%), Eh 
(1.7%), and Cp (0%). qPCR was also able to detect polyparasitism of 
2 or more parasites in 70.6% of patients. For Gl samples, microbiome 
analysis data shows decrease in microbiota biodiversity in the parasite 
infected group compared to those non-infected, with a shift away from 
Firmicutes toward increased Bacteroidetes, with the degree of shift 
related to intensity of infection (qPCR data). The abundant bacteria within 
the Bacteroidetes were due to increased Prevotella, compared to the 
non-infected group with increased Ruminococcus (p < 0.05). Clustering 
between the groups was examined using PCoA ordination and Shannon 
alpha diversity (parasite group 1.65; non-infected group 2.7, p = 0.033). 
This first use of multi-parallel qPCR and NextGen microbiota sequencing 
in Argentina, shows an association of GI parasite infections and decreased 
microbiome biodiversity in asymptomatic children. The results will enable 
refinement of treatment options on a public health scale, leading to better 
health outcomes in endemic settings.

1290
ELUCIDATING MECHANISMS OF DIARRHEA AND 
ENTEROPATHY DURING MALNUTRITION AND 
CRYPTOSPORIDIOSIS

Luther Bartelt1, David Bolick1, Glynis Kolling1, Edna Zaenker1, 
John Moore1, Jerrold Turner2, Cirle Warren1, Richard Guerrant1

1University of Virginia, Charlottesville, VA, United States, 2University of 
Chicago, Chicago, IL, United States

Cryptosporidium is a major cause of moderate to severe diarrhea, 
persistent diarrhea, and stunting in children living in resource-
limited countries. Malnutrition increases risk of cryptosporidiosis, and 
experimental models demonstrate compounded deleterious effects of 
infection during nutrient deficient states. The pathogenesis of diarrhea 
due to Cryptosporidium, however, is incompletely understood. Using a 
murine model of protein malnutrition (PEM), we interrogated epithelial 
barrier disruption in vivo. We identified that PEM leads to up-regulation 
of claudin-1 but reduced expression of claudin-2. The combination of PEM 
with C. parvum enhanced disease concurrent with increased numbers of 
claudin-2 antibody stained cytoplasmic vesicles and led to a generalized 
reduction in occludin expression in the ileum, but zonula occludins (ZO)-1 
was not significantly affected. IL-13, a known inducer of claudin-2 was 
elevated in protein malnourished mice following primary C. parvum 
infection, but mice re-challenged after C. parvum priming neither lost 
weight nor demonstrated elevated IL-13 (113.30 vs 0 pg/ml; P<0.05). In 
comparison, infection with the non-invasive protozoan G. lamblia, led to 
no appreciable change in claudin-2 expression, but marginal increases in 
ZO-1 and claudin-15. A progressive increase in lamina propria lymphocytes 
occurred through 21 days after C. parvum challenge, concurrent with 
stunted growth relative to uninfected controls. These studies demonstrate 
differential and pathogen-specific influences on tight-junction protein 
expression at the epithelial barrier during conditions of malnutrition, and 
in the case of Cryptosporidium, raises the potential for a mechanism of 
diarrhea involving a unique and specific disruption in the epithelial barrier 
that may be in part driven by the host immune response.

1291
IL-25 MEDIATED PROTECTION FROM AMOEBIC COLITIS

Zannatun Noor, Stacey Burgess, Carrie Cowardin, Erica L. 
Buonomo, Caitlin Naylor, William A. Petri, Jr.
University of Virginia, Charlottesville, VA, United States

Entamoeba histolytica is an enteric parasite that causes diarrhea. 
E. histolytica adheres to host cells by Gal/GalNAc lectin and disrupts 
the mucosal barrier, penetrates underlying tissue and destroys cells. 
Host responses at the site of infection are critical for resistance, thus 
the mucosal response against E. histolytica infection is a significant 
contributor to the immune response. Intestinal epithelial cells (IECs) serve 
as effectors of the mucosal immune system and produce inflammatory 

mediators including IL-1β during amebiasis. IL-1β is known to suppress 
the production of IL-25 and is increased during E .histolytica infection, 
which is also produced by IECs. We have observed that IL-25 expression 
is suppressed in a time course of E. histolytica infection in CBA mice. 
We hypothesize that during E. histolytica infection IL-25 has a protective 
role and to test this hypothesis we intraperitonealy administrated rIL-25 
in CBA mice. We have found that rIL-25 treated mice had a significantly 
lower infection rate through culture, lower antigen load by ELISA and also 
lower numbers of E. histolytica through QPCR. Histologically there was 
significantly less epithelial disruption in rIL-25 treated mice. Therefore we 
have concluded IL-25 plays a protective role during amebiasis. We have 
found that Reg3gamma (Reg3g) is increased with rIL-25 administration 
during E. histolytica infection. Therefore we hypothesized Reg3g could 
play a role in IL-25 mediated protection by maintaining the epithelial 
barrier and E. histolytica killing. To test the importance of Reg3g, we 
will block Reg3g activity in rIL-25 treated mice. We have also found that 
IL-25 can induce the Th2 cytokine IL-13 at the acute stage of infection. 
IL-13 is known to induce paneth cell degranulation to release antimicrobial 
peptides. To confirm the role of IL-13 in IL-25 mediated protection through 
Reg3g, we will block IL-13 in IL-25 treated mice and hypothesize that there 
will be decreased level of Reg3g to make mice susceptible. This work will 
inform our knowledge on the role of IL-25 in the mucosal defense against 
amebic infection, ultimately improving treatment and vaccine strategies.

1292
A 5-AMINOPYRAZOLE-4-CARBOXAMIDE CRYPTOSPORIDIUM 
THERAPEUTIC ALLEVIATES DIARRHEA IN THE CALF-
CHALLENGE MODEL

Wesley C. Van Voorhis1, Deborah A. Schaefer2, Zhongsheng 
Zhang1, Alejandro Castellanos-Gonzalez3, Kasey L. Rivas1, Lynn K. 
Barrett1, A. Clinton White3, Kayode K. Ojo1, Erkang Fan1, Michael 
W. Riggs2

1University of Washington, Seattle, WA, United States, 2University of 
Arizona, Tucson, AZ, United States, 3University of Texas Medical Branch, 
Galveston, Galveston, TX, United States

New therapies to treat Cryptosporidium infection are urgently needed 
to address severe and life-threatening diarrhea in <2 yo children in 
the developing world. It was previously shown that targeting calcium-
dependent protein kinase 1 (CDPK1) of Cryptosporidium parvum (Cp) 
with pyrazolo-pyrimidine bumped-kinase inhibitors leads to reduction 
of parasite host cell invasion in vitro and a reduction of infection in the 
immunosuppressed mouse model of Cp (JID 2013;208:1342). We have 
now tested a 5-aminopyrazole-4-carboxamide (AC) bumped-kinase 
inhibitor (1517), that also inhibits CpCDPK1 (IC50 = 1nM) and blocks 
Cp invasion and proliferation in vitro (EC50 = 50nM). We tested the 
therapeutic efficacy of 1517 in the newborn-calf-Cp challenge model. 
Calves were challenged with Cp and subsequently treated with 1517 
(10mg/kg given orally every 12 hrs for 5 days) or vehicle-alone (control) 
starting on day 2 after challenge. Calves began to have diarrhea on day 
2 after challenge. Compared with control calves, calves treated with 
1517 had a significantly improved clinical score, less days of diarrhea, and 
reduced fecal volume. Oocyst excretion levels are currently being evaluated 
and will be reported at the meeting. These data demonstrate that bumped 
kinase inhibitors improve clinical outcomes in calf-Cp infection, even after 
diarrhea is established. This suggests that these promising therapeutics 
could help children in the developing world with Cryptosporidium 
diarrhea.
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1293
DEFINING THE EGRESS SIGNALING NETWORK IN THE 
APICOMPLEXAN TOXOPLASMA GONDII

Raj Gaji1, Derrick Johnson1, Lisa Checkley2, Michael Ferdig2, Andy 
Hudmon1, Gustavo Arrizabalaga1

1University of Indiana School of Medicine, Indianapolis, IN, United States, 
2University of Notre Dame, Notre Dame, IN, United States

Egress from the host cell is a crucial and highly regulated step in the 
biology of obligate intracellular parasites such as Plasmodium falciparum 
and Toxoplasma gondii. We recently established that the Toxoplasma 
calcium dependent protein kinase 3 (TgCDPK3) is required for efficient 
egress. Interestingly, we showed that the closest homolog from P. 
falciparum, PfCDPK1, complements the lack of TgCDPK3 in Toxoplasma 
and we have used this transgenic parasite strain to identify novel anti-
malarials. To elucidate the mechanisms by which TgCDPK3 regulates 
Toxoplasma egress we have successfully implemented the proximity-based 
protein interaction trap BioID to identify potential substrates. For this 
purpose we fused TgCDPK3 to a mutant version of the biotin ligase, BirA*, 
which in the presence of biotin modifies any nearby or interacting protein. 
When parasites expressing TgCDPK3-BirA* are grown in the presence of 
biotin, 18 unique proteins appear to be biotinylated based on Western 
analysis. Through mass spectroscopic analysis we have determine the 
identity of these proteins, which include Myosin-A, a critical component 
of the parasite motor system. Interestingly, Myosin-A was among the 
156 proteins shown to be less phosphorylated in Tgcdpk3 mutant strains 
in a phosphoproteome study. We subjected Myosin-A to a non-biased 
peptide array analysis using purified recombinant TgCDPK3 and found 
that TgCDPK3 can specifically phosphorylate S21, and S743 of Myosin-A 
in vitro. When we complemented Myosin-A null mutants with Myosin-A 
in which either S21 or S743 is mutated to non-phosphorylable alanine, 
parasites showed an egress defect suggesting that phosphorylation of 
S21 and S743 of Myosin-A is important for egress in vivo. Importantly, 
TgCDPK3 mutant parasites expressing Myosin-A in which serines 21 and 
743 were changed to aspartic acid exhibited normal levels of iiegress 
indicating that phosphomimetic mutations in the motor protein overcome 
the lack of the TgCDPK3 kinase function. Thus, our studies establish that 
phosphorylation of Myosin-A by TgCDPK3 is responsible for initiation of 
motility and parasite egress from host-cell.

1294
IDENTIFICATION OF PARASITE-INDUCED HOST CELL 
TRANSFORMATION FACTORS BASED ON THE RE-
ANNOTATION OF THE THEILERIA PARVA GENOME AND ON 
COMPARATIVE GENOMICS

Kyle Tretina1, Hanzel T. Gotia1, Joshua Orvis1, Olukemi O. 
Abolude1, Priti Kumari1, Vishvaneth M. Nene2, Richard Bishop3, 
Claudia Daubenberger3, Joana C. Silva1

1University of Maryland, Baltimore, Baltimore, MD, United States, 
2International Livestock Research Institute, Nairobi, Kenya, 3Swiss Tropical 
and Public Health Institute, Basel, Switzerland

The discovery of mechanisms of virulence is critical for rational vaccine 
and chemotherapeutic innovation targeting apicomplexan parasites. 
The parasite Theileria parva has a unique mode of virulence among 
apicomplexans: it transforms host lymphocytes by inducing a variety of 
cancer-like phenotypes, including uncontrolled cellular proliferation. While 
comparative genomics can be leveraged to generate novel hypotheses 
of these mechanisms, it is highly dependent on the accurate gene 
structure annotation of the genome. Using the first RNA-seq dataset 
for the T. parva, we re-annotated the parasite genome, improving the 
annotation of 48% of all protein-coding genes. Then, in order to identify 
potential virulence factors associated with host cell transformation, we 
used comparative genomics to identify genes, peptide domains, short 
linear motifs, or subcellular localizations specific to T. parva and T. 

annulata, the latter also a host-transforming parasite, but absent in other 
apicomplexans including non-transforming Theileria species. We used the 
improved T. parva annotation as well as 55,520 publicly available protein 
sequences from complete proteomes of 12 apicomplexans, to generate 
jaccard-filtered clusters of orthologous genes. We identified hundreds 
of specific Theileria-encoded factors potentially involved in host-cell 
transformation, which we are categorizing by gene ID, motif, domain, and 
description. In one such case, this search revealed 15 pairs of T. parva-T. 
annulata genes with a motif for binding host retinoblastoma protein 
(RB). RB is a tumor suppressor in mammalian cells and the target of some 
adenovirus proteins that induce host proliferation. Under homeostatic 
conditions, RB binds E2F transcription factors in the cytosol. Adenovirus 
protein E1A then uses two motifs to bind the RB pocket domain and 
compete off the E2F transcription factors, inducing host proliferation. 
In order to determine if the T. parva proteins with these motifs induce 
host proliferation in the same way, we are currently performing surface 
plasmon resonance experiments to test the binding of T. parva short 
peptides to the RB pocket domain.

1295
ULTRASTRUCTURAL AND BIOLOGICAL CORRELATES OF 
ATTENUATION IN INTRAHEPATIC PLASMODIUM FALCIPARUM 
PARASITES INDUCED BY GAMMA-IRRADIATION

Miranda S. Oakley1, Hong Zheng1, Vivek Anantharaman2, 
Phuong Thao Pham1, Babita Mahajan1, Nirbhay Kumar3, Davison 
Sangweme3, Abhay Tripathi3, Godfree Mlambo3, L. Aravind2, Sanjai 
Kumar1

1Food and Drug Administration, Silver Spring, MD, United States, 2National 
Institutes of Health, Bethesda, MD, United States, 3Johns Hopkins School 
of Public Health, Baltimore, MD, United States

Radiation-attenuated malaria sporozoites, while capable of invading and 
growing inside hepatic cells, produce non-infectious merozoites that fail to 
cause blood stage infection. Interestingly, radiation-attenuated sporozoites 
are highly effective in inducing sterilizing immunity in experimental 
challenge studies including in humans. In spite of their vaccine value, 
the structural and antigenic changes in developing liver stage parasites 
following infection with radiation-attenuated sporozoites are poorly 
understood. We performed immunofluorescence and electron microscopy 
and genome-wide transcriptional profiling of untreated verses radiation-
treated intrahepatic parasites on days 3 and 6 post-invasion of human 
HepG2 hepatic cells by Plasmodium falciparum sporozoites of the 
3D7 strain to study the structural alterations and identify parasite gene 
targets of growth attenuation and enhanced immune protection induced 
by radiation. While the structural changes were subtle and difficult to 
decipher, we found that 180 parasite genes had significantly altered 
transcriptional expression in response to radiation on day 3 post-cultivation 
in hepatic cells. We observed a marked upregulation of 37 genes coding 
for proteins expressed on the cell surface or exported into the host cell; at 
least 4 membrane associated transporters were found to be upregulated 
upon radiation. We think that this radiation induced expression of 
surface and exported proteins might be a contributing factor to sterilizing 
immunity by increasing the number of parasite antigens available as 
processed epitopes on the hepatocyte surface or as released antigens from 
apoptosis of infected hepatocytes. At least 10 proteins related to protein 
misfolding and stress-related protein processing responses and 3 members 
of the FAST domain family that may be involved in RNA processing are 
induced. The molecules identified under this study may be novel targets 
for the generation of genetically attenuated sporozoite candidate vaccines 
and biomarkers of attenuation of radiation-attenuated malaria sporozoites.
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1296
A NOVEL SECRETED PROTEIN FROM PLASMODIUM 
FALCIPARUM OOKINETES MEDIATES TRANSMISSION TO 
MOSQUITOES

Jennifer S. Armistead1, Matthew T. O’Neill1, Sash Lopaticki1, 
Charlie Jennison1, Shahid M. Khan2, Chris J. Janse2, Maria M. 
Mota3, Justin A. Boddey1

1Infection and Immunity Division, The Walter and Eliza Hall Institute of 
Medical Research, Parkville, Australia, 2Leiden Malaria Research Group, 
Department of Parasitology, Leiden University Medical Center, Leiden, 
Netherlands, 3Unidade de Malária, Instituto de Medicina Molecular, 
Universidade de Lisboa, Lisboa, Portugal

Interventions that interrupt the transmission of malaria will be critical 
in the renewed efforts to eliminate and eradicate this deadly disease. 
Transmission-blocking interventions (TBIs) that target sexual, sporogonic, 
or mosquito stages and inhibit Plasmodium parasite development 
within the vector will be essential in achieving this goal. Identifying novel 
proteins that are involved in the mosquito-parasite interactions that 
facilitate parasite transmission, and are conserved across Plasmodium 
species, may potentially provide new TBI targets. Here, we report on a 
conserved, hypothetical protein, designated PFE0360c, that is crucial for 
P. falciparum transmission. Other than a signal sequence and putative 
PEXEL, the 107 kDa protein was not predicted to contain any other 
known domains, but its expression was shown to be upregulated in both 
sporozoites and ookinetes. Genetic deletion of PFE0360c in P. falciparum 
NF54 and its P. berghei orthologue, PBANKA_110690, revealed a 
severe midgut invasion defect in Anopheles stephensi, with significant 
reduction in the number of oocysts, and subsequently sporozoites, per 
mosquito as compared to wild type controls. This reduction in transmission 
was not found to result from a defect in ookinete development or motility, 
suggesting a role in invasion or traversal of mosquito midgut epithelial 
cells. Infection of C57BL/6 mice with P. berghei PBANKA_110690 
deficient sporozoites revealed no defect in liver stage development, 
time to blood stage infection, or parasitemia as compared to controls. 
Although the PEXEL motif of PFE0360c was cleaved by plasmepsin V 
in vitro, attempts to confirm its export have been unsuccessful. These 
findings provide new insight into our understanding of parasite-mosquito 
interactions and indicate a novel target for investigation of future 
transmission-blocking interventions.

1297
MOLECULAR DISSECTION OF PLASMODIUM SPOROZOITES 
AND KUPFFER CELL INTERACTIONS USING A PHAGE DISPLAY 
LIBRARY

Sung-Jae Cha1, Kiwon Park2, Min-Sik Kim1, Prakash Srinivasan3, 
Christian Schindler4, Nico V. Rooijen5, Monique Stins1, Marcelo 
Jacobs-Lorena1

1Johns Hopkins University, Baltimore, MD, United States, 2La Jolla Institute 
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Malaria infection stars when an infected mosquito releases Plasmodium 
sporozoites into the skin of a person. Next, sporozoites enter a blood 
vessel and circulate through the whole body. To generate a productive 
infection, sporozoites must exit the circulation in the liver to subsequently 
infect hepatocytes. A large body of evidence suggests that sporozoites 
leave the circulation in the liver by preferentially traversing Kupffer cells, 
a macrophage-like component of the liver blood vessel (sinusoid) lining. 
The molecular basis for this preferential Kupffer cell traversal is unknown. 
By use of a phage display library we identified a peptide - P39 - which 
strongly binds to Kupffer cells and by doing so, inhibits sporozoite entry. 
We hypothesize that P39 competitively binds to a Kupffer cell receptor 
that is required for sporozoite entry. In agreement with this hypothesis, 

an anti-P39 antibody recognizes a sporozoite surface protein(s) and 
inhibits sporozoite mouse liver invasion. Moreover, we found that P39 
binds to CD68, a Kupffer cell surface protein and putative sporozoite 
invasion receptor. CD68 knockout mice showed 70 % reduced sporozoite 
liver burden compared to wild type mice. Molecular dissection of the 
Plasmodium sporozoite-Kupffer cell interactions may provide insights for 
the development of novel malaria control strategies.

1298
A PLASMODIUM RHOPTRY PROTEIN IS INVOLVED IN 
SPOROZOITE INVASION OF HEPATOCYTES

Tomoko Ishino1, Yuka Sugino1, Mamoru Nozaki1, Mayumi 
Tachibana1, Takafumi Tsuboi2, Motomi Torii1
1Ehime University, Toon, Japan, 2Ehime University, Matsuyama, Japan

It has been demonstrated that some of Plasmodium rhoptry proteins 
are released to the tight junction and involved in merozoite invasion of 
erythrocytes. We recently proposed that at least 9 known rhoptry proteins 
are also expressed in spozozoites, salivary gland and hepatocyte invasive 
forms. To elucidate the functions of rhoptry proteins in sporozoites, we 
have developed the sporozoite stage specific gene silencing system and 
demonstrated that RON2 is important for sporozoite invasion of the 
salivary gland. Here, we intended to elucidate the comprehensive functions 
of all possible sporozoite rhoptry proteins, and found that one protein 
(RON) plays important roles in sporozoite transmission to mammalian 
hosts. Unlike RON2-cKD sporozoites, RON repressed sporozoites 
(RON-cKD) can invade the salivary gland normally. On the other hand, 
intravenous injection of RON-cKD sporozoites into mice showed a >100-
fold reduction in the infectivity in vivo, compared to control sporozoites. 
Efficiency of the liver infection of sporozoites was measured by real 
time PCR using the perfused livers 24h after sporozoite inoculation. 
It was demonstrated that RON-cKD liver stage parasite amount was 
approximately 500 times lower than control parasites, indicating that RON 
is required for the early step for parasite infection of mammalian hosts. 
Furthermore, in vitro infection system using hepatoma cell line, HepG2, 
revealed that that the invasion ability of RON-cKD sporozoites was reduced 
to 25% of control. These results demonstrate that RON is involved in 
sporozoite invasion of hepatocytes.

1299
INHIBITION OF RETICULOCYTE MATURATION TO INCREASE 
PLASMODIUM PROLIFERATION IN VITRO

Katy Shaw Saliba1, Fiona Raso1, Carlo Brugnara2, Manoj T. 
Duraisingh1

1Harvard T.H. Chan School of Public Health, Boston, MA, United States, 
2Boston Children’s Hospital, Boston, MA, United States

Human malaria is caused by five different species of Plasmodium 
parasites. Research has largely focused on P. falciparum because a 
robust in vitro culture system is available. However, P. vivax is more 
geographically widespread, causes a relapsing disease and transmission 
stages develop prior to clinical symptoms; making disease control 
extremely challenging. One of the major obstacles to the development 
of an in vitro culture is the restriction of P. vivax to reticulocytes. 
Reticulocytes rapidly mature to erythrocytes in vitro. Consequently, a 
persistent replenishment of reticulocytes is essential for sustained parasite 
propagation, which effectively dilutes the culture and masks appreciable 
growth. We hypothesize that inhibition of reticulocyte maturation would 
increase the number of viable cells for invasion and would enhance 
Plasmodium proliferation overall. Reticulocyte maturation involves 
hallmark cellular processes: (i) membrane remodeling (including loss of 
specific surface receptors) and (ii) autophagy of organelles. We targeted 
these processes with a panel of small molecules. We were able to inhibit 
reticulocyte maturation as evidenced by decreased surface remodeling 
and decreased mitophagy. We determied IC50 and IC90 values of the 
small molecules for the reticulocyte, P. falciparum in normocytes, P. 
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falcipcarum in reticulocytes and P. knowlesi H in Rhesus normocytes 
to determine the top candidates. The top candidates had low IC90s 
in the reticulocyte and relatively high IC50s in the parasite, i.e. a low 
concentration is needed to inhibit reticulocyte maturation without harming 
the parasite. Significantly, the top candidates were shown to enhance the 
adaptation of the macquae parasite, P. knowlesi, to growth in human 
reticulocytes. The top candidates are currently being tested on clinical 
isolates of P. vivax to determine their promise in the development of a 
sustained and robust in vitro culture. 

1300
ECONOMIC COSTS AND BENEFITS OF MORBIDITY 
MANAGEMENT AND DISABILITY PREVENTION FOR 
LYMPHATIC FILARIASIS

Eileen Stillwaggon1, Larry Sawers2, Jonathan Rout3, David 
Addiss4, LeAnne Fox5

1Gettysburg College, Gettysburg, PA, United States, 2American University, 
Washington, DC, United States, 3Church’s Auxiliary for Social Action, 
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Lymphatic filariasis (LF) is endemic in 73 countries, with 120 million people 
infected of whom 40 million suffer serious disability (15 million with 
lymphedema, 25 million with hydrocele). Repeated acute attacks of fever 
and disabling pain (adenolymphangitis or ADL) aggravate lymphedema 
and prevent work for 4-7 days per attack. The Global Programme to 
Eliminate Lymphatic Filariasis (GPELF) has two goals: interrupting LF 
transmission by 2020 and caring for people already infected through 
morbidity management and disability prevention (MMDP). By 2014, 60 
countries had ongoing mass drug administration, but only 27 had begun 
MMDP, in part due to its perceived high cost and low return. Simple, 
low-cost interventions at the community level, including instruction in 
limb washing and provision of soap, topical antibiotics, and antifungals 
can reduce ADL and slow progression of lymphedema. MMDP programs 
attenuate disability and productivity loss. Research to date suggests 
societal cost of untreated LF far exceeds cost of MMDP. In India, patients 
enrolled in community-based care (CBC) MMDP averaged 29 fewer 
lost work days per year than prior to enrolment. We estimate costs and 
benefits of MMDP over the lifetime of the population affected and at 
risk in Odisha State. Actual program costs are based on CBC delivered to 
21,497 people in 2008. In the Odisha CBC-MMDP program, present value 
of start-up costs plus annual maintenance costs, estimated to grow 5% 
p.a. (discounted at 3%), is US$97 per person for the 25-year program. 
We calculate the potential benefit of MMDP by comparing direct and 
indirect costs of two scenarios, with and without MMDP. Without MMDP, 
per-patient cost of untreated morbidity due to acute attacks and chronic 
lymphedema, including lost earnings and out-of-pocket medical costs over 
50 years, is US$1748. With MMDP, the lifetime per-person cost is US$828, 
or US$920 less. The benefit of savings in direct costs and productivity 
loss of $920 per person compares favorably with a lifetime program cost 
of $97 per person (benefit-cost ratio of 9.5) and provides an economic 
rationale in addition to the ethical mandate for MMDP, the second pillar of 
GPELF.

1301
COMBINING NUTRITIONAL SUPPLEMENTATION WITH 
SEASONAL MALARIA CHEMOPREVENTION IN NIGERIA 
DECREASES THE ODDS OF CONFIRMED CLINICAL MALARIA: 
FINDINGS FROM A CASE-CONTROL STUDY

Arnaud Le Menach1, Abigail Ward1, Andrea Guillot1, Sharon 
K. Greene2, Justin C. Graves1, Kathleen Maloney1, Omowunmi F. 
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In 2012, the World Health Organization recommended seasonal 
malaria chemoprevention (SMC) with sulfadoxine-pyrimethamine and 
amodiaquine (SP-AQ) to prevent malaria in children in the Sahel region. As 
malnourished children are twice as likely to die from malaria, the delivery 
of SP-AQ was combined with Lipid-based Nutrient Supplements (LNS) 
for children aged 6-24 months in Kano state in northern Nigeria during 
the 2014 malaria season. The commodities were delivered door-to-door 
to approximately 4,000 children each month from August to November. 
We conducted an unmatched case-control study to assess the impact 
of combining SP-AQ and LNS on uncomplicated and severe malaria. All 
children aged 6-24 months consulting for fever in one of the 13 primary 
health care facilities in the pilot study area between August 28 and 
December 1, 2014 were recruited. A case was defined as any child with 
a fever ≥37.5 C within the past 48 hours and a positive malaria rapid 
diagnostic test. Controls had fever but a negative malaria test. Information 
was collected on demographics (age, gender, residence), disease history, 
bednet use, and intervention coverage. The relationship between 
exposure to SP-AQ and LNS and confirmed malaria was estimated using 
multivariable logistic regression, adjusting for demographics, facility, 
month of consultation, and bednet use. A total of 96 cases and 285 
controls were recruited. Cases had on average half the odds of controls of 
having taken SP-AQ in the last 30 days, but the result was not statistically 
significant (OR= 0.47; 95% CI: 0.18-1.23, p=0.13). Cases had one-fifth 
the odds of having taken both SP-AQ and LNS (OR=0.17; 95% CI: 0.05-
0.51, p=0.002). Receiving both SP-AQ and LNS was associated with 
significantly lower odds of confirmed malaria compared to receiving 
SP-AQ alone (p=0.02). Adding LNS to the delivery of SP-AQ during an 
SMC campaign was associated with decreased odds of malaria in children 
visiting health facilities. The absence of statistical significance of SP-AQ 
alone may be due to the small sample size. Larger studies are needed 
to confirm these findings and estimate the cost-effectiveness in this and 
other settings.

1302
INEQUALITIES IN CHILD SURVIVAL IN A RURAL AREA OF 
SENEGAL WHERE MALARIA HAS DECLINED
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Ndiaye2, Jules F. Gomis2, Ernest Faye2, Cheikh S. Sokhna1, Oumar 
Gaye2, Paul J. Milligan3

1Institut de Recherche Pour le Developpement, Dakar, Senegal, 2Université 
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A sharp decline in under-5 mortality rates has been observed in Senegal, 
as in some other parts of Africa, over the last 10 years, associated most 
obviously with a reduction in malaria transmission that occurred in 
the same time period. Since 2008 we have maintained demographic 
surveillance in 725 villages in central Senegal with a population of about 
600,000 people. We have analyzed variations in under-5 mortality in 
order to understand the reasons for the recent decline, and the extent of 
inequalities and the factors associated with them. Malaria incidence was 
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determined by collecting data from all health facilities and from villages 
with community case management for malaria, details of all malaria cases 
confirmed by Rapid Diagnostic Test. Household occupancy, births and 
deaths were recorded in household visits every ten months. In addition, in 
123 villages, village reporters were used to cross-check completeness of 
reporting of deaths, and in these villages verbal autopsies were performed 
on all deaths in children. Data for 95,000 children under 5 years of age 
have been included. Random effects Poisson regression was used to assess 
area, household and individual risk factors for child mortality. The leading 
causes of death were diarrhoea (26.6%), perinatal infection (22.2%) and 
malaria (10.8%). Children living more than 5km from a health facility had 
a 2-fold (95%CI 1.6, 2.5) higher risk of mortality than those living nearer 
to health facilities. Mortality rates were associated with the level of malaria 
transmission, an increase in the malaria incidence rate in children of 1 per 
1000 per year was associated with a mortality rate ratio of 1.04 (95%CI 
1.02, 1.05). Children born to mothers under 16 years of age had a 1.6-
fold increased risk of mortality (95%CI 1.1, 2.3) compared to children of 
older mothers. Senegal is close to achieving its MDG4 target, but national 
average figures conceal substantial inequalities. Higher rates of mortality 
are associated with areas of persisting malaria transmission, poverty, and 
poorer access to health care. Strategies targeting these communities are 
required to improve child survival and reduce inequalities.

1303
EVALUATION OF THE NATIONAL CASE-BASED MEASLES 
SURVEILLANCE SYSTEM IN SOUTH AFRICA; JANUARY 2009 
TO DECEMBER 2013

Eva D. Mathatha, Muzi Hlanzi, Jack M. Manamela, Melinda 
Suchard
National Institute for Communicable Diseases, Johannesburg, South Africa

Measles still remains the leading cause of death among children under 
five years worldwide. In South Africa the case-based measles surveillance 
was initiated in 1998 in line with the recommendation from World Health 
Organization (WHO) to monitor progress towards measles elimination. 
Blood specimens are collected from suspected measles cases in all health 
facilities. This study described the epidemiology of measles in South 
Africa from 2009-2013 and evaluated specific performance indicators for 
measles surveillance recommended by WHO.A retrospective descriptive 
analysis was conducted on secondary measles surveillance data collected 
from 2009-2013 in all age groups. The blood samples were tested at 
the measles serology laboratory at the NICD. The percentage for each 
of the indicators was calculated and compared with the WHO minimum 
standard values for measles surveillance. In 2009-2011, there were 18,000 
confirmed measles cases reported, which included cases identified during 
the measles outbreak from June 2009 to July 2010 in all nine provinces. 
The number of cases decreased to 335 between 2011-2013. The age 
groups most affected were those >14years, while the least affected were 
those between the ages of 2-4 years. Out of the seven performance 
indicators evaluated, five met WHO specified targets, including all 
districts reporting at least one measles case per year (WHO target ≥ 80% 
of the districts) and blood specimens collected in more than 80%of 
the suspected measles cases (WHO target of ≥ 80%).Two laboratory 
indicators did not meet the WHO targets; between 2009 and 2013, 32%, 
28%, 46%, 49% and 52% of blood specimens respectively reached 
the laboratory within three days of being sent (WHO target ≥ 80%) and 
between 2009 to 2013,14%,15%,65%, 68% and 66% of blood samples 
respectively were tested within seven days (WHO target≥ 80%). The 
case-based measles surveillance met most of WHO-specified performance 
indicators. Addressing timeliness of specimen delivery to the laboratory, 
timeliness of laboratory testing and subsequent feedback of the results 
to the health facility will ensure proper management of cases and rapid 
response to outbreaks.

1304
ECONOMIC ANALYSIS OF GENETICALLY MODIFIED 
MOSQUITO STRATEGIES TO CONTROL DENGUE

Eduardo A. Undurraga, Yara A. Halasa, Donald S. Shepard
Brandeis University, Waltham, MA, United States

Vector control is currently the only prevention strategy to reduce 
dengue virus (DENV) transmission. Traditional vector control methods 
have not halted the spread of Aedes aegypti, the main dengue vector, 
and of dengue outbreaks. Despite millions of dollars spent annually 
in vector control, there are few effectiveness or economic evaluations 
to inform policy decisions. High costs and seemingly low effectiveness 
have encouraged the search for new vector control technologies. While 
still under development, genetically modified (GM) mosquitoes are a 
potentially promising approach to control dengue. GM mosquitoes have 
been developed with the goal of producing mosquito offspring that die 
at an early developmental stage. We develop a framework and present a 
preliminary application to assess the economic impact of this technology. 
Combining data from various dengue-endemic countries, we generated a 
mathematical model of costs and benefits and calibrated it with available 
evidence. We assumed a mosquito suppression phase of 1 year followed 
by a maintenance phase of 4 years, with annual costs per capita of $25-
$75 and $10-$20, respectively. Combining the highest cost and most 
favorable effectiveness in dengue control (50% suppression and 100% 
maintenance), we obtained a benefit/cost ratio of 1.1 in an area with high 
DENV transmission, ongoing intensive vector programs, and high income. 
Under these same assumptions, if the technology were applied in areas 
with dengue incidence, vector control programs, and income similar to 
Brazil, the cost-effectiveness of the program would range from $30,000 
to $163,000 per disability adjusted life year (DALY). In a lower incidence 
area like Mexico, the cost-effectiveness would range from $180,000 to 
$457,000 per DALY. Without major cost reductions, GM vector control 
is unlikely to be cost-effective. The most salient need for more data is 
clarifying the relation between vector population and DENV transmission. 
If effective, new and improved technologies of vector control could save 
billions of dollars annually in averted medical costs, productivity losses, and 
premature deaths from dengue.
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ASSESSING THE IMPACT OF HOUSEHOLD AIR POLLUTION 
ON HEALTH: FEASIBILITY OF AMBULATORY BLOOD 
PRESSURE MONITORING AND REPEAT-ASSESSMENT “HOME” 
BLOOD PRESSURE MONITORING IN A RURAL GHANAIAN 
SETTING
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Boamah2, Joseph Schwartz1, Mohammed Mujtaba2, Daichi 
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Over half the global disease burden of Household Air Pollution (HAP) 
from biomass burning is attributable to cardiovascular disease (CVD), 
yet few studies have examined HAP in relation to CVD risk factors and 
the feasibility of collecting out-of-clinic blood pressure (BP) assessments, 
especially in rural settings. In a pilot study, we assessed the feasibility of 
collecting 24-hr Ambulatory Blood Pressure (ABP) and home-based blood 
pressure assessments to evaluate BP before and after delivery of a cleaner 
cookstove intervention to a subset of participants in Kintampo, Ghana as 
part of the Ghana Randomized Air Pollution and Health Study (GRAPHS). 
Two BP methods were tested. In the ABP group, 24-hour ABP monitoring 
was conducted with SpaceLabs 90207 monitors (Snoqualmie, WA). BP 
was recorded every 20 minutes (daytime) and 30 minutes (nighttime). In 
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the Home BP group, trained field workers measured BP twice daily for 
5 consecutive days using Omron (Lake Forest, IL) digital automatic BP 
monitors. Enrollment: 44 women (27 in the ABP group; 17 in the Home 
BP group). 53 BP recordings out of an expected 54 were completed in 
the ABP group; and 33 out of 34 in the Home BP group. According to 
the validity criteria of the International Database of Ambulatory Blood 
Pressure in relation to Cardiovascular Outcome (IDACO) project, 89% 
of the completed ABP sessions were valid. Within valid ABP sessions, 
the mean [SD] number of BP readings was 51.7 [11.8] (daytime: 30.1 
[9.4]; nighttime: 20.9 [4.1]). Within completed Home BP sessions, 99% 
of targeted measurements were obtained, with a mean [SD] number of 
readings per 5-day session of 9.9 [0.3] (mornings: 4.9 [0.2]; evenings: 4.9 
[0.2]). Mean [SD] BP levels were as follows. ABP group: SBP 107 [6.4]; 
DBP 62.6 [4.8]. Home BP group: SBP 100 [8.6], DBP 65.5 [5.5]. These 
results indicate that both 24-hour ABP monitoring and repeat-assessment 
“Home” BP monitoring are well-tolerated and feasible methods of BP 
assessment in this predominately rural West African setting. Results 
with regard to the hypothesis that switching to a cleaner cookstove is 
associated with a reduction in post-intervention BP will be available in 3-4 
months.

1306
A DOUBLE BURDEN OF CHILD MALNUTRITION IN 
COMMUNITIES WITH DIFFERENTIAL ACCESS TO ROADS: 
ANALYSIS IN RURAL ECUADOR, 2004-2013

Velma Lopez1, Carey Dombecki1, James Trostle2, Alexandra 
Jaramillo3, William Cevallos3, Jason Goldstick4, Joseph Eisenberg1

1University of Michigan, Ann Arbor, MI, United States, 2Trinity College, 
Hartford, CT, United States, 3Universidad San Francisco de Quito, Quito, 
Ecuador, 4Oakland University, Rochester, MI, United States

Nutritional trends towards both over and under nutrition are occurring 
globally throughout low and middle-income countries. Access to roads 
can influence both protective and risk factors associated with nutrition by 
affecting a number of social and biological processes. In northern coastal 
Ecuador the construction of a new road created a gradient of remoteness 
among villages, providing a unique opportunity to examine the impact 
of roads on the double burden of over and under nutrition. Within the 
study, anthropometric and hemoglobin measurements were collected 
on 2,369 children < 5 years in Esmeraldas, Ecuador from 2004-2013 
across 24 villages with differing road access. Logistic general estimating 
equations assessed the relationship between village remoteness and 
prevalence of stunting, wasting, underweight, overweight, obesity, and 
anemia, accounting for longitudinal dependencies. Race was tested as a 
modifier of the remoteness-malnutrition relationship. Overall prevalence 
of stunting was 13%, underweight 6%, wasting 5.7%, overweight 5.6%, 
obesity 1.9%, and anemia 55%. Stunting, while still high, decreased as 
obesity increased over time and other nutritional outcomes remained 
stable. Remoteness relative to a road was found to be significantly 
associated with stunting (OR=0.46, 95% CI=[0.31, 0.68]) and anemia (OR 
= 0.53, 95% CI=[0.41, 0.68]). Over time, greater remoteness becomes 
less associated with lower stunting (OR=0.36, 95% CI=[0.20, 0.66] early 
versus OR=0.57, 95% CI=[0.35, 0.94] late). Indigenous Chachi children 
were found to have a higher prevalence of all malnutrition outcomes 
compared to Afro-Ecuadorian and Mestizo children. These results suggest 
an emerging double burden of child malnutrition in the study site, which is 
likely is the result of how changes in remoteness influence food availability 
and consumption. Within rural areas, heterogeneous nutritional outcomes 
are observed; however, as road development continues, this heterogeneity 
diminishes. This suggests that the influence of roads on health outcomes, 
such as nutrition, unfold over multiple time scales.

1307
GENOME ANALYSES REVEAL INSIGHTS INTO THE UNIQUE 
PARASITIC LIFESTYLE OF THE LYME DISEASE TICK, IXODES 
SCAPULARIS

Catherine A. Hill, The Ixodes scapularis Genome Consortium
Purdue University, West Lafayette, IN, United States

Ticks (subphylum Chelicerata: subclass Acari; suborder Ixodida) are 
notorious ectoparasites and the most important arthropods affecting 
human and animal health globally. We describe the 2.1 Gbp nuclear 
genome of the tick, Ixodes scapularis (Say), the vector of the pathogens 
that cause Lyme disease, granulocytic anaplasmosis, and babesiosis. 
The genome sequence, the first for a medically important chelicerate, 
offers insights into the molecular processes that underpin the remarkable 
parasitic life-style of the tick and its success as a vector. The large 
genome reflects extensive accumulation of repetitive DNA, including 
multiple families of low complexity tandem repeats, new lineages of 
retro-transposons, and gene architecture patterns resembling ancient 
eukaryotes rather than pancrustaceans. Annotation revealed 20,486 
protein-coding genes and expansions of gene families associated with 
tick-host interactions. Genome analyses informed on parasitic processes 
unique to ticks, including host “questing”, prolonged feeding, blood 
meal concentration, novel methods of hemoglobin digestion, heme 
detoxification, reproduction and prolonged survival off-host. Proteins 
associated with transmission of anaplasmosis, an emerging disease, 
and the encephalitis causing Langat virus, were identified. Analyses of 
~ 34,000 SNP markers identified from individual I. scapularis using the 
Restriction-site Associated DNA sequencing (RADseq) approach support a 
single species classification for the tick across North America and revealed 
a North-South population structure correlated to life-history traits and 
Lyme disease transmission. Foundational studies of genome organization 
and population genomics, coupled with the development of genomics 
resources, will advance research to determine the genetic basis of tick 
phenotypes. Efforts are also underway to discover novel chemistries that 
selectively disrupt molecular targets identified from the genome and 
deliver new, selective interventions for the control of ticks and tick-borne 
diseases.

1308
DEVELOPMENT AND IMPLEMENTATION OF ODORANT 
BAITED TRAPS TO MONITOR AND CONTROL TRIATOMA 
DIMIDIATA IN TOLEDO, BELIZE

Gwyneth Sullivan1, Eric Noakes1, Naomi Penney1, Roy Polonio2, 
John Grieco1, Zain Syed1

1University of Notre Dame, South Bend, IN, United States, 2University of 
Belize, Punta Gorda, Belize

Triatoma dimidiata (Hemiptera: Reduviidae:) is one of the three most 
epidemiologically significant vectors for Chagas’ disease in the Americas. 
Although Chagas’ disease has been eliminated in many regions from the 
domestic habitats, there are emerging threats of re-infestation by sylvatic 
species. T. dimidiata inhabits domestic, peri-domestic, and sylvatic niches, 
thus posing a serious threat to the continued interruption in Chagas 
transmission. This study aimed to develop a novel odor baited trap (OBT) 
employing odors derived from hosts and natural habitats to monitor T. 
dimidiata populations in Toledo, Belize. Odorants were isolated using 
electrophysiological methods linked to gas chromatography and identified 
by mass spectrometry. The identified chemostimuli were tested under 
different regimes to determine their behavioral effects. The odorants or 
blends that induced attraction were incorporated into OBTs that were 
tested in the field. Captures from the OBTs were compared against manual 
searches in the Toledo district of Belize. Verbal questionnaires were utilized 
to determine end user acceptability of trap design as well as identify gaps 
in knowledge regarding vectors and Chagas transmission. Our efforts are 
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aimed at providing recommendations to the Ministry of Health (MOH) 
regarding the utility of OBTs and development of educational material 
targeted towards Triatomine surveillance and vector control.

1309
RHODNIUS PROLIXUS SURVIVAL WHEN INFECTED WITH 
TRYPANOSOMA CRUZI AND T. RANGELI: THE EFFECT OF 
INFECTIVE DOSE AND CO-INFECTION

Jennifer Kate Peterson1, Andrew P. Dobson1, Andrea L. 
Graham1, Omar Triana Chávez2

1Princeton University, Princeton, NJ, United States, 2Universidad de 
Antioquia, Medellín, Colombia

All parasite-host interactions are not created equal; they begin under an 
array of possible conditions. This is especially true for interactions between 
Chagas disease agent Trypanosoma cruzi and its triatomine bug vectors. 
T. cruzi infects 100s of mammal species, all of which present different 
parasitemias and disease courses, resulting in the triatomine bug vectors 
receiving highly variable infective doses from the different host species 
they feed upon. Additionally, in many areas T. cruzi circulates with a sister 
parasite species called T. rangeli. T. rangeli is of interest, as it presents 
the opposite pathogenicity as T. cruzi, being pathogenic to triatomine 
bugs, but apathogenic to its mammal hosts. Thus, all T. cruzi infections of 
its vector begin not only with varying infectious doses but also various co-
infection statuses. However, does this variation matter for Chagas disease 
transmission? We investigated this question in the triatomine bug species 
Rhodnius prolixus when infected with T. cruzi and T. rangeli, both in 
single and co-infections. We measured the effect of T. rangeli infective 
dose, T. cruzi-T. rangeli co-infection order (T. cruzi first vs. T. rangeli 
first), and co-infection timing (simultaneous vs. staggered ) on insect 
survival in the 100 days post-infection. We observed that insects almost 
always had higher survival when co-infected at lower T. rangeli doses, 
regardless of infection order or timing, suggesting that T. cruzi-T. rangeli 
co-infection is beneficial to the insects at low T. rangeli doses. At high T. 
rangeli doses, we found that co-infected insects had decreased survival, 
unless they were infected with T. cruzi first, suggesting that infective 
dose, order and timing interact in their effect on R. prolixus survival. Our 
results indicate that vector-borne T. cruzi transmission dynamics may be 
influenced by the parasite load and parasite species composition of the 
blood meal taken up by the vector, and these factors may be important to 
consider when assessing local T. cruzi transmission and designing vector 
control strategies.

1310
RAPID AND NON-DESTRUCTIVE NEAR-INFRARED 
SPECTROSCOPY CAN PREDICT THE AGE AND WOLBACHIA 
INFECTION IN AEDES AEGYPTI MOSQUITOES

Maggy Sikulu1, Peter Masabho2, Michael Henry2, Nikita Lysenko3, 
Robert Wirtz4, Floyd Dowell5, Greg Devine1

1QIMR Berghofer Medical Research Institute, Herston, Australia, 2Ifakara 
Health Institute, Ifakara, United Republic of Tanzania, 3Swiss Tropical 
Institute, Basel, Switzerland, 4Centers for Disease Control and Prevention, 
Atlanta, GA, United States, 5United States Department of Agriculture, 
Manhattan, KS, United States

Regular monitoring of infection and survival rates of the Wolbachia based 
vector control strategy is a prerequisite for its sustainability. Currently, 
molecular techniques such as polymerase chain reaction (PCR) are 
employed to detect Wolbachia infections in mosquitoes whereas the 
use of transcriptional profiles is used to monitor their survival. However, 
these techniques are not amenable to a large scale intervention. We have 
investigated the potential of using a non-destructive and instantaneous 
near-infrared spectroscopy (NIRS) as a high throughput technique 
for detecting the age and the presence or absence of two strains of 
Wolbachia infection in male and female laboratory reared Aedes aegypti 
mosquitoes. Calibrations were developed using spectra collected from 

heads and thoraces of laboratory reared mosquitoes using partial least 
squares (PLS) regression and were used to predict the age and infection 
of samples that were excluded from the calibration model. A highly 
significant correlation was found between the true and predicted ages 
of mosquitoes. The correlation coefficients for Ae. aegypti females and 
Ae. aegypti males were R2=0.83 and 0.78 respectively (P< 0.001 in both 
instances). The age of female and male Ae. aegypti could be identified 
as < or ≥ 8 d old with an accuracy of 91% and 76%, respectively. The 
mean predicted age was generally within ±3 d of the actual age. NIRS 
differentiated females and males infected with wMelPop from uninfected 
samples with an accuracy of 97% and 93%, respectively and females 
and males infected with wMel from uninfected samples with accuracies 
of 93% and 88%, respectively. Moreover, NIRS differentiated females 
infected with wMelPop from wMel infected females with 98% accuracy. 
This non-destructive technique is at least 35 times faster and over 10 times 
cheaper than conventional age prediction and polymerase chain reaction 
techniques. While robust calibrations using mosquitoes reared from 
different geographical regions are required to validate NIRS as an age/
infection prediction tool for wild caught Ae. aegypti, our results strongly 
indicate the potential of the NIRS for this purpose.

1311
IDENTIFYING OVIPOSITION ATTRACTANTS FROM THE 
LARVAL REARING MEDIUM OF PHLEBOTOMUS PAPATASI, 
THE VECTOR OF OLD-WORLD ZOONOTIC CUTANEOUS 
LEISHMANIASIS

Bahjat Fadi Marayati1, Charles Apperson2, Coby Schal2, 
Loganathan Ponnusamy2, Madhavi Kakumanu2, Gideon 
Wasserberg1

1University of North Carolina at Greensboro, Greensboro, NC, United 
States, 2North Carolina State University, Raleigh, NC, United States

Phlebotomine sandflies are the vectors of the protozoan parasites of 
the genus Leishmania. The control of sand flies is currently limited to 
personal protection and residual spraying. An attract-and-kill approach 
has been shown to be effective in a variety of other vector by which an 
attractive blend is used to attract the insect to a lethal trap. Targeting 
control efforts on gravid females could affect disease transmission by 
reducing the abundance of blood-fed females and by suppressing the 
vector’s population growth rate. The study presented here describes 
results from a multidisciplinary project in which we applied a systematic 
integrated approach to elucidate the cues that drive the oviposition 
behavior of the sand fly Phlebotomus papatasi. Since sand fly larvae 
feed on decomposing organic material of predominantly fecal origin, 
we hypothesized that gravid female sand flies would be attracted to 
volatile olfactory cues indicating the presence of such material. We have 
used a multiple-choice oviposition bioassay in which gravid P. papatasi 
females were presented with five candidate source materials from their 
larval rearing habitat on filter paper disks placed on a layer of plaster at 
the bottom of oviposition cups. To evaluate whether the total oviposition 
response measured in the oviposition cup bioassays also indicates 
attraction, we have conducted Olfactometer bioassays using a 3-chamber 
linear Olfactometer in which we tested all five candidate materials. Our 
results from the behavioral bioassays and the Olfactometer experiments 
suggest that the total oviposition response and highest attractance 
occurred when the treatment was frass from the 2nd-3rd instar larval 
medium. We have cultured the 2nd-3rd instar larval material and isolated its 
constituent bacterial community. Bacterial isolates were tested individually 
and in mixture in olfactometer bioassays for behavioral evaluation. Several 
candidate bacterial strains have demonstrated high attractance at specific 
concentrations, which indicates potential applications in constructing the 
optimal attractive bait.
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1312
MOSQUITO HEARING: OPENING THE DOOR TO A NEW 
MOSQUITO SENSORY MODALITY

Laura C. Harrington, Gil Menda, Ronald R. Hoy
Cornell University, Ithaca, NY, United States

For over a century, vector biologists have focused on sensory ecology of 
mosquito sensation as they relate to host finding such as olfaction and 
heat seeking, which confirms the primacy of these modalities. However 
acoustic sensation has been largely ignored. Recent work by our lab 
and others has demonstrated the important role of acoustics in the pre-
copulatory mating interaction. Here we present new neurophysiological 
and behavior findings on the acoustic sensitivity of male mosquitoes that 
demonstrate their ability to hear sounds in the far auditory field at lower 
intensity and over greater distances than ever imagined. Collectively, this 
work opens the possibility for hearing as a significant modality in the 
mosquito sensory world.

1313
HOW DO BITING DISEASE VECTORS FUNCTIONALLY 
RESPOND TO HOST AVAILABILITY?

Laith Yakob
London School of Hygiene & Tropical Medicine, London, United Kingdom

Advanced molecular methods in biological fingerprinting are uncovering 
new opportunities in disease vector incrimination and behavioral ecology 
through the rapid and sensitive analysis of arthropod bloodmeals. 
However, for this potential to be realized, the interpretation of the species 
composition of vector meals must be guided by sound ecological theory. 
Even modern, complex simulation models of vector-borne diseases 
assume a simplistic, linear relationship between host species blood 
source and host availability. In ecological terminology, this constitutes a 
Type I Holling’s functional response - a response type that is atypical of 
invertebrates in relation to their resource consumption. A new model 
is proposed that expands upon the classic functional responses to 
accommodate more qualitatively distinct disease vector behaviors. The 
substantial consequences of non-linear responses of biting disease vectors 
to human host availability are described for pathogens with three distinct 
transmission routes: falciparum malaria (strict anthroponotic competence), 
Chagas disease (anthroponotic and zoonotic competence) and Lyme 
disease (strict zoonotic competence).

1314
TARGETING TRYPANOSOMA BRUCEI METHIONYL-TRNA 
SYNTHETASE FOR NOVEL TREATMENT OF HUMAN AFRICAN 
TRYPANOSOMIASIS

Frederick S. Buckner, Ranae M. Ranade, John R. Gillespie, 
zhongsheng Zhang, Ximena Barros, Sayaka Shibata, Wenlin 
Huang, Christophe L. Verlinde, Wim G. Hol, Erkang Fan
University of Washington, Seattle, WA, United States

Human African trypanosomiasis (HAT) threatens populations in 36 
countries of sub-Saharan Africa. New drugs with improved safety, 
efficacy, and ease of use are needed to replace the antiquated drugs 
that are currently available. A validated drug target in Trypanosoma 
brucei (the etiologic agent of HAT) is the methionyl-tRNA synthetase 
(MetRS). Inhibitors of this target were identified with potency as low as 
4 nM (EC50) on bloodstream trypanosomes, but lacked the necessary 
permeability properties for oral uptake and brain permeability, the latter 
necessary for treating late-stage HAT. Guided by structure-based drug 
design, over 500 analogs to the original aminoquinolone scaffold were 
synthesized including a new series of fluorinated imidazo-pyridines and 
additional variants. The new compounds demonstrate potent inhibitory 
activity against T. brucei MetRS (IC50s <2 nM), T. brucei EC50s as low 

as 0.4 nM, improved blood-brain barrier permeability, and good oral 
bioavailability (88% in rats). A compound in the optimization pathway 
cures an acute T. brucei rhodesiense mouse model with an oral dose 
as low as 8 mg/kg (>20 days parasite free) and partially cures chronic T. 
brucei mouse model (>70 days parasite free). These studies serve as proof 
of concept that methionyl-tRNA synthetase inhibitors are viable drug 
candidates for HAT.

1315
RNAI OF TRYPANOSOMA BRUCEI CYTOSOLIC HSP83 AND 
MITOCHONDRIAL TRAP-1 REVEALS ROLES FOR THESE 
HSP90 HOMOLOGUES IN CYTOKINESIS AND KINETOPLAST 
DIVISION

Kirsten J. Meyer, Theresa A. Shapiro
Johns Hopkins University School of Medicine, Baltimore, MD, United States

17-AAG, an Hsp90 inhibitor, has potent activity against Trypanosoma 
brucei. We found 17-AAG causes rapid and severe cell cycle defects, 
including delayed cleavage furrow ingression and delayed kinetoplast 
segregation. To compare the cell cycle effects of 17-AAG treatment 
with knock-down of Hsp83, the trypanosomal Hsp90, or TRAP-1, the 
mitochondrial Hsp90, we generated separate RNA interference (RNAi) 
cell lines with a tetracycline inducible stem-loop hairpin construct for 
Hsp83 and tbTRAP-1. For Hsp83 RNAi nine independent clones were 
obtained, and all displayed a severe growth defect by 24 h after addition 
of tetracycline (tet). Northern blot analysis demonstrated a decrease in 
Hsp83 RNA levels, and western blot analysis with anti-hHsp90 antibody 
showed a decrease in an 83kDa band, the expected size of Hsp83. 
Microscopy examination of the tet-treated cells revealed an accumulation 
of cells containing two nuclei and partially ingressed cleavage furrows, 
a cytokinesis defect. For tbTRAP-1 RNAi, ten independent clones were 
obtained, and all displayed normal growth until 62 h after addition of 
tet, when growth stopped and populations began to decline. Northern 
blot analysis demonstrated a loss of tbTRAP-1 RNA. Cell cycle analysis 
by microscopy revealed a loss of cells with two kinetoplasts from 62 h 
onwards, and an increase in cells with no kinetoplasts. Southern blot 
analysis of kinetoplast free-minicircle DNA revealed defects in minicircle 
replication, with the appearance of abnormal catenated forms. This 
work provides genetic evidence for functions of Hsp83 and TRAP-1 in 
cytokinesis and kinetoplast replication respectively. The cell cycle defects 
seen with 17-AAG are a combination of those seen by RNAi of Hsp83 
and TRAP-1, suggesting 17-AAG may be inhibiting both proteins in T. 
brucei, consistent with its specificity for the unique ATP binding pocket of 
Hsp90s. Overall we have confirmed that T. brucei Hsp83 is essential and a 
promising drug target.

1316
COMPARATIVE GENOMIC ANALYSIS BETWEEN LEISHMANIA 
(VIANNIA) PERUVIANA AND LEISHMANIA (V.) BRAZILIENSIS

Hugo Oswaldo Valdivia1, João L. Reis-Cunha1, Gabriela F. 
Rodrigues-Luiz1, Rodrigo Babtista1, Gerald C. Baldeviano2, Robert 
V. Gerbasi2, Deborah E. Dobson3, Francine Pratlong4, Patrick 
Bastien4, Andres G. Lescano2, Stephen M. Beverley3, Daniella 
Bartholomeu1

1Universidade Federal de Minas Gerais, Belo Horizonte, Brazil, 2U.S Naval 
Medical Research Unit - 6, Lima, Peru, 3Washington University in St. Louis, 
St. Louis, MO, United States, 4Université of Montpellier, Montpellier, 
France

The Leishmania (Viannia) braziliensis complex is responsible of many 
cases of New World tegumentary leishmaniasis. This complex includes 
two closely related species, Leishmania (Viannia) peruviana (LVP) and 
L. (V.) braziliensis (LVB), that present different geographic distribution 
and disease phenotypes including the risk of mucocutaneous disease. 
However, the genetic basis of these differences is not well understood and 
the status of LVP as distinct species has been questioned by some. We 
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sequenced the genomes of two LVP isolates (LEM-1537 and PAB-4377) 
using Illumina high throughput sequencing at approximately 40x coverage. 
LVP is sufficiently close to LVB that we were able to map more than 90% 
LVP reads on the LVB M2904 reference genome. Comparative analyses 
were focused on the detection of Single Nucleotide Polymorphisms (SNPs), 
insertions and deletions (INDELs), aneuploidy and gene copy number 
variations. We found 92,698 SNPs between LVP and LVB M2904 reference 
genome while only 26,853 variants were detected between the two LVPs. 
Analysis in coding sequences revealed 26,750 SNPs and 1,513 INDELS in 
both LVP isolates and two LVB pseudogenes that appear to have coding 
function in LVP. Allele frequency profiling showed a highly heterogeneous 
pattern of chromosome ploidies with an overall disomic tendency in 
both LVP isolates in contrast with a trisomic pattern in the LVB M2904 
reference. Read depth analysis allowed us to detect more than 368 gene 
expansions and 14 expanded gene arrays in LVP that are not present 
in LVB. The presence of extensive variation in chromosome and gene 
copy numbers as well as high SNPs and INDELs between LVP and LVB 
support maintaining their classification as distinct species. The absence of 
expanded amastin gene arrays in LVP, the presence of different genes in 
array expansions in LVP and extensive polymorphism in coding sequences 
could result in different expression profiles potentially influencing parasite 
development and host interactions possibly related to its differences in 
phenotype versus LVB.

1317
IMPLICATION OF APOL1 EXPRESSION AND CODING 
POLYMORPHISMS IN DETERMINING RESISTANCE/
SUSCEPTIBILITY TO TRYPANOSOMA BRUCEI GAMBIENSE 
INFECTION IN GUINEA

Hamidou Ilboudo1, Vincent Jmonneau2, Mathurin Koffi3, Sophie 
Ravel4, Mamadou Camara5, Jacqueline Milet6, Oumou Camara5, 
Annette MacLeod7, Bruno Bucheton8

1Centre International de Recherche-Développement sur l’Elevage en 
zone Subhumide, Bobo-Dioulasso, Burkina Faso, 2Centre International de 
Recherche-Développement sur l’Elevage en zone Subhumide/Institut de 
Recherche pour le Développement, Unité Mixte de Recherche IRD-CIRAD 
177, Bobo-Dioulasso, Burkina Faso, 3Université Jean Lorougnon Guédé de 
Daloa, Côte d’Ivoire, Daloa, Côte D’Ivoire, 4Institut de Recherche pour le 
Développement, Unité Mixte de Recherche IRD-CIRAD 177, Montpellier, 
France, 5Programme National de Lutte contre la Trypanosomose Humaine 
Africaine, Conakry, Guinea, 6Institut de Recherche pour le Développement, 
UMR 216 Mère et enfant face aux infections tropicales, Paris, France, 
7Wellcome Center for Molecular Parasitology, Glasgow, United Kingdom, 
8Programme National de Lutte contre la Trypanosomose Humaine/Institut 
de Recherche pour le Développement, Unité Mixte de Recherche IRD-
CIRAD 177, Conakry, Guinea

Most African trypanosome species are sensitive to trypanolytic factors 
present in human serum. Trypanosome lysis was demonstrated to be 
associated with apolipoprotein L-1 (APOL1). Trypanosoma brucei 
gambiense (T. b. gambiense) and T. b. rhodesiense have evolved distinct 
mechanisms to escape lysis from APOL1 and are able to infect humans. 
In T. b. gambiense, resistance seems to be in part controlled by a reduced 
capacity to internalize APOL1, thus limiting the lytic effects. Interestingly, 
APOL1 variants (G1 and G2) were shown to be associated with the 
development of kidney disease in African Americans and it was suggested 
that they may have been positively selected in African population 
because they provide some degree of protection against human African 
trypanosomiasis. In this study led in Guinea, the most affected country in 
West Africa, we have studied APOL1 expression levels as well as APOL1 
coding sequence genetic variant in (i) unaffected endemic controls, (ii) 
HAT patients and (iii) seropositive subjects that are apparently able to 
control infection. We show that APOL1 expression appears to be induced 
by T. b. gambiense infection (in both seropositive and HAT patients) and 
that significant genetic association (with G1 and G2 but not others) were 
observed in seropositive subjects but not in HAT patients when compared 

to controls. These results suggest that these APOL1 polymorphisms may 
indeed provide a certain degree of resistance against T. b. gambiense 
infections but protection is far from complete.

1318
GENETIC DIVERSITY IN THE NATURAL TRYPANOSOMA 
CONGOLENSE POPULATION

Eliane E. Tihon, Hideo Imamura, Frederik Van den Broeck, Jean-
Claude Dujardin, Jan Van den Abbeele
Institute of Tropical Medicine, Antwerp, Belgium

Trypanosoma congolense is one of the major pathogens responsible for 
animal African Trypanosomiasis (AAT), a disease affecting about 10 million 
km2 of the sub-Saharan region on the African continent. Isometamidium 
Chloride (ISM) is the principal drug used to counteract T. congolense 
infection in livestock, both as a prophylactic as well as curative treatment. 
Here, numerous cases of ISM resistance in different African regions have 
been reported, representing a serious problem in the battle against AAT. 
An important step in the fight against AAT is to monitor the level and 
distribution of genetic diversity in T. congolense populations, to reveal 
the biologically relevant structural variations present in their genomes 
that influence pathogenesis, virulence, and mechanisms leading to drug 
resistance. Using Next-Generation Sequencing technology, we sequenced 
54 ISM-resistant and -sensitive field-isolated strains sampled between 1971 
and 2010 in 9 countries where the disease is endemic. A total of 614859 
SNPs were identified and long deletions were detected in both coding 
and non-coding regions, revealing a high genetic diversity. Interestingly, 
analyses of linkage disequilibrium decay suggested that genetic 
recombination and complex genetic exchanges are frequent between 
T. congolense parasites. Additional phylogenetic and structure analysis 
highlighted a geographically asymmetric distribution of genetic diversity 
across Africa. Parasites collected within a short period of time in Zambia 
showed a higher diversity compared to the strains sampled over a period 
of 30 years in the other countries. The factors resulting in this asymmetric 
diversity remain speculative but we suggest that the close proximity to 
wildlife observed in this region as well as the presence of specific tsetse fly 
vectors are playing a key role. This last hypothesis is currently being tested 
by studying the capability of several tsetse species to develop a mature T. 
congolense infection.

1319
TRACHOMA ELIMINATION IN AN ENDEMIC ISLAND SETTING 
IN WEST AFRICA: ARE TWO DOSES OF ORAL AZITHROMYCIN 
BETTER THAN ONE?

Anna Last1, Eunice Cassama2, Ebrima Bojang3, Meno Nabicassa4, 
Sarah Burr3, Katie Thompson5, Danny Haddad6, David Mabey1, 
Martin Holland1, Robin Bailey1

1London School of Hygiene & Tropical Medicine, London, United Kingdom, 
2Ministerio de Saude Publica, Bissa, Guinea-Bissau, 3Medical Research 
Council - UK, The Gambia Unit, Fajara, Gambia, 4Ministerio de Saude 
Publica, Bissau, Guinea-Bissau, 5University of Birmingham Medical School, 
Birmingham, United Kingdom, 6Emory University, Atlanta, GA, United 
States

Trachoma is caused by ocular Chlamydia trachomatis (Ct) infection. The 
remote Bijagós Archipelago is trachoma-endemic. The WHO recommends 
community mass drug administration (MDA) of azithromycin if follicular 
trachoma (TF) prevalence in 1-9 year olds > 10% to achieve elimination 
(TF<5%). Single dose oral azithromycin MDA has significantly reduced TF 
prevalence and in some populations eliminated Ct infection. In trachoma-
endemic communities, despite high coverage MDA, infection and disease 
persist. Optimal MDA frequency is unknown and may vary between 
settings. We evaluated the efficacy of single versus dual dose azithromycin 
MDA in this setting to evaluate options for effective trachoma control on 
the islands. A census of all 1-9 year olds was conducted in all communities 
on 3 study islands. Each of 39 settlements was randomized to a study 
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arm. MDA was given to all community members. Arm 1 received the 
‘intervention’ (single observed height-based dose of oral azithromycin on 
day 1 and day 7) and Arm 2 was the control arm (single observed height-
based dose of oral azithromycin on day 1 (WHO policy)). Study teams and 
participants were masked to trial arm assignment until after the first dose 
of treatment. Prior to MDA, all enrolled children were examined for TF and 
a conjunctival swab was taken for Ct DNA PCR. The census was updated 
at one year and children aged 1-9 years were re-examined for TF and Ct 
infection. 1714 1-9 year olds were enrolled into the study at baseline. 
1482 were examined and had conjunctival swabs taken. TF prevalence 
was 10% (147/1482)(95% CI 8.5-11.5%). Ct infection prevalence was 
13% (193/1482). At one year, 1270 1-9 year olds were followed up. 1152 
had repeat examinations and swabs taken. TF prevalence was reduced to 
2.3% (27/1152) (95% CI 1.43-3.17%). Preliminary cluster-summarized TF 
prevalence at follow-up suggests a difference between treatment arms. 
We will present cluster-summarised mean TF and infection prevalence 
between study arms. Results from this study may inform trachoma 
elimination activities on these islands, where infrastructure is lacking and 
trachoma is prevalent.

1320
CAN ONE ROUND OF MASS DRUG ADMINISTRATION WITH 
AZITHROMYCIN IN A HYPOENDEMIC DISTRICT REDUCE THE 
PREVALENCE OF TRACHOMA TO LESS THAN 5%? RESULTS 
FROM THREE DISTRICTS IN UGANDA

Patrick Turyaguma1, Anne Heggen2, Ambrose Onapa2, Alexis 
Serna3, Edridah M. Tukahebwa1

1Ministry of Health, Kampala, Uganda, 2RTI International, Kampala, 
Uganda, 3RTI International, Washington, DC, United States

The Uganda Ministry of Health Neglected Tropical Disease Program is 
working towards the elimination of blinding trachoma in Uganda by 
2020 using the SAFE strategy (S= surgery; A= antibiotics given during 
Mass Drug Administration (MDA) with azithromycin; F=Facial cleanliness 
promotion; E= environmental sanitation improvement). In 2006, baseline 
prevalence of trachoma follicular (TF) in children 1-9 years in Buyende, 
Kamuli and Iganga districts of Uganda was found to be above 10% 
(33.6%, 33.6% and 20.1%, respectively), the intervention threshold for 
MDA with azithromycin. All three districts have carried out 3-5 rounds 
of MDA as recommended by World Health Organization, followed 
by impact assessments in 2013. Impact assessment results showed a 
substantial decrease in prevalence of active trachoma (5.9%, 6.4%, and 
5.8% respectively). The new WHO treatment guidelines recommend a 
single round of MDA for districts under the treatment threshold of 10%, 
yet above the elimination goal of 5% TF in children aged 1-9 years. One 
round of mass drug administration with azithromycin was implemented 
in Buyende, Kamuli and Iganga districts in 2014 with varying levels of 
coverage (83.8%, 49.7%, and 87.4%, respectively). A second round of 
district-level impact assessments will be carried out in all three districts in 
May 2015. Results from these prevalence assessments are expected in June 
2015, and will be used to guide programmatic implementation in Uganda 
and to provide valuable information to the global trachoma community 
about the validity of the new treatment guidelines for achieving 
elimination of blinding trachoma.

1321
THE ITI FLYING GENEXPERT: BRINGING NAAT DIAGNOSTICS 
FOR TRACHOMA TO THE END OF THE ROAD TO 
ACCELERATE RESEARCH, REDUCE COSTS, AND IMPROVE 
TRACHOMA PROGRAMS

Huub C. Gelderblom1, Andrea I. Zambrano2, Shekar Sharma3, 
Sailesh K. Mishra3, Birgit Bolton1, PJ Hooper1, Sheila West2, Paul M. 
Emerson1

1Emory University, Atlanta, GA, United States, 2Johns Hopkins University, 
Baltimore, MD, United States, 3Nepal Netra Jyoti Sangh, Kathmandu, 
Nepal

Studies are ongoing to evaluate Nucleic Acid Amplification Techniques 
(NAAT) as an indicator of infection in trachoma control programs, in 
addition to clinical signs of trachoma, and antibody serology. NAAT tests 
cannot always be done in the countries where the eye swab samples are 
collected. International transport of samples is costly and time consuming, 
requires material transfer agreements, and prohibits the building of 
laboratory and research capacity in trachoma endemic countries. To 
address these issues, we purchased a GeneXpert IV 4-module portable PCR 
machine and GeneXpert CT tests for the high-burden developing countries 
(HBDC) reduced price (Cepheid, Sunnyvale, CA, USA). The GeneXpert 
is a cartridge based test with minimal sample processing. Partners can 
borrow the “ITI Flying GeneXpert” to test eye swab samples for C. 
trachomatis, in settings where there is no access to NAAT, for whatever 
reason. The GeneXpert IV can be checked-in as luggage on commercial 
flights, and is exempt of tax in customs, with appropriate documentation. 
To further reduce costs, 4-5 samples are usually pooled per test. The ITI 
Flying GeneXpert went from Atlanta to two remote settings in Nepal for 
a trachoma surveillance study. In 36 days, we tested 1543 samples in 310 
PCRs (5 samples pooled per test). We tested samples within 5 days of 
collection. While survey teams collected samples, a technician processed 
samples at a make-shift laboratory. The ability to test in the field meant 
that we had results within days rather than weeks or months. In addition, 
we could identify positive clinical cases that were truly infected with C. 
trachomatis, and discuss the results with the local authorities. The ITI 
Flying GeneXpert reduces the cost of research because 1) partners need 
not purchase a machine for temporary use, 2) there is no international 
transport of samples and associated regulatory procedures, and 3) 
laboratory staff salaries in developed countries are higher. The ITI Flying 
GeneXpert will increase the use of the GeneXpert platform for trachoma 
research, and will facilitate and accelerate the generation of data to inform 
and improve trachoma control programs.

1322
ACANTHAMOEBA SPP. AS POSSIBLE RESERVOIR AND 
VECTOR FOR THE TRANSMISSION OF MYCOBACTERIUM 
ULCERANS IN CAUSING BURULI ULCER (BU) DISEASE: PROOF 
OF PRINCIPLE

Bright K. Azumah1, Phyllis G. Addo1, Alfred K. Dodoo1, Gordon 
Awandare2, Lydia Mosi2, Daniel A. Boakye1, Michael D. Wilson1

1Noguchi Memorial Institute for Medical Research, Accra, Ghana, 2West 
African Centre for Cell Biology of Infectious Pathogens, Department of 
Biochemistry, Cell and Molecular Biology, University of Ghana, Accra, 
Ghana

The route of Mycobacterium ulcerans (MU) transmission in causing 
Buruli ulcer (BU) disease in humans (mammal) remains poorly 
understood although a number of possible routes have been proposed. 
Since Acanthamoeba species is capable of harboring the closely 
related Mycobacterium leprae and Mycobacterium marinum, we 
hypothesized that Acanthamoeba spp. may be natural reservoirs and 
possible vectors for M. ulcerans transmission. To test this hypothesis, 
intact or shaved-pinpricked rumps of ICR mice were treated with either: 
(i) M. ulcerans alone; (ii) a co-culture of A. polyphaga and M. ulcerans 
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or (iii) A. polyphaga only. To investigate differences in virulence, two 
additional groups of mice were injected in their footpads with identical 
concentrations of either M. ulcerans alone or M. ulcerans-infected A. 
polyphaga. All groups were observed daily for development of lesions. 
Fine needle aspirations were performed on lesions from live animals, 
while infected parts of dead animals were excised and homogenized, 
decontaminated, Zeihl-Neelsen acid-fast (ZN) stained for acid fast bacilli 
and then inoculated on Lowenstein-Jensen (LJ) plates for growth of 
M. ulcerans for six weeks incubation at a temperature of 32°C. Both 
topically applied M. ulcerans only and A. polyphaga:M. ulcerans elicited 
inflammation (Day 31), edema (Day 45 and Day 44 respectively) and ulcers 
(Day 49) at infected sites for pinpricked but not intact skin groups. Also, 
for the same concentrations of M. ulcerans, M. ulcerans:A. polyphaga 
caused early inflammation in mice footpads by day 3 compared to day 
14 of M. ulcerans only. The aspirates and homogenized tissues of ulcers 
were all positive for acid-fast bacilli (MU) and showed growth of M. 
ulcerans when cultured. Evidence provided by this study supports the 
hypothesis that A. polyphaga may be a possible reservoir and a vector 
in BU transmission and also suggests that Acanthamoeba may enhance 
the virulence of M. ulcerans in the environment. This study also confirms 
the possibility of passive infection by M. ulcerans as a likely transmission 
route and also provides another mouse model, other than BALB/c, for BU 
studies.

1323
GLOBAL COMPARATIVE STUDY OF BACTERIAL MENINGITIS 
DYNAMICS

Angelica Chen1, Hélène Broutin2, Juliette Paireau1, Bryan 
Grenfell3, Nicole Basta4

1Princeton University, Princeton, NJ, United States, 2MIVEGEC, Centre de 
Recherche Institut de Recherche pour le Developpement, Montpellier, 
France, 3Department of Ecology and Evolutionary Biology, Princeton 
University, Princeton, NJ, United States, 4University of Minnesota, School 
of Public Health, Division of Epidemiology and Community Health, 
Minneapolis, MN, United States

Bacterial meningitis, caused primarily by invasive infection with Neisseria 
meningitidis, Haemophilus influenzae type b, and Streptococcus 
pneumoniae, inflicts a significant disease burden in numerous countries 
around the world, often resulting in mortality rates of as high as 15-20% 
of cases. In the African meningitis belt, a group of countries in sub-
Saharan Africa that experiences some of the highest bacterial meningitis 
incidence rates in the world, cases of bacterial meningitis exhibit a distinct 
seasonality wherein outbreaks only occur during the dry season. However, 
little is known about the seasonal dynamics of bacterial meningitis outside 
of this region. To generate the data necessary to investigate these trends, 
we created a global database of weekly and monthly bacterial meningitis 
incidence data from 63 countries, including 44 countries outside the 
African meningitis belt, 27 of which possessed meningococcal meningitis 
incidence data for the 10-year time period between 2003 and 2012. Of 
these 27, Brazil, Ireland, and Iceland exhibited the highest average annual 
meningococcal meningitis incidence whereas Japan, Thailand, and Hong 
Kong exhibited the lowest rates. Using wavelet analysis methods, we 
analyzed the time series data from these 27 countries to assess periodicity 
and seasonality, and compared pathogen-specific time series to determine 
if synchronicity could be observed between the relative frequencies 
of cases caused by these pathogens. We found that meningococcal 
meningitis exhibited significant seasonality in 14 of the 27 countries 
tested, but we observed no significant synchronicity between the three 
pathogens. In general, meningitis incidence was frequently the highest 
during the winter months and the lowest during the summer months. 
These results provide some of the first key steps toward evaluating possible 
environmental, demographic, social, and immunological factors driving 
these patterns.

1324
GENOMIC ANALYSIS OF CARRIED AND INVASIVE 
SEROGROUP A NEISSERIA MENINGITIDIS FROM THE 2011 
EPIDEMIC IN CHAD

Kanny Diallo1, Kadija Gamougam2, Lodoum Mbainadji2, 
Maxime Narbe2, Cyriaque Ngadoua3, Doumagoum Moto 
Daugla2, Dominique Caugant4, Jay Lucidarme5, Moussa Hassan-
King6, James Stuart6, Caroline Trotter7, Olivier Manigart6, Brian 
Greenwood6, Martin M. Maiden8

1Centre pour le développement des vaccins, Bamako, Mali, 2Centre de 
Support en Santé Internationale, Ndjamena, Chad, 3Ministere de la Santé 
Publique, Ndjamena, Chad, 4Norwegian Institute of Public Health, Oslo, 
Norway, 5Public Health England, Manchester, United Kingdom, 6London 
School of Hygiene & Tropical Medicine, London, United Kingdom, 
7University of Cambridge, Cambridge, United Kingdom, 8University of 
Oxford, Oxford, United Kingdom

Serogroup A Neisseria meningitidis (NmA) was the most common 
cause of meningitis in the African meningitis belt before the introduction 
of the TT-PsA vaccine (MenAfriVac). This bacterium, often carried 
asymptomatically is considered to be an ‘accidental pathogen’. The 
mechanisms driving the transition from carriage to disease remain poorly 
understood. This study examined possible roles of bacterial genome 
diversity in this transition by comparing the genomes of geographically 
and temporally matched invasive and carried isolates. Purified DNA was 
obtained from 10 carried NmA collected by MenAfriCar and 14 invasive 
NmA identified during the Chadian meningitis surveillance in 2011. Whole 
genome sequence (WGS) data were collected, de novo assembled and 
submitted to the PubMLST/Neisseria website for automated annotation 
and analysis. Genomes were compared at 3 different levels: 7 MLST 
genes, 53 ribosomal MLST (rMLST) genes and 2070 whole genome MLST 
(wgMLST) using the Genome Comparator module. Phylogenetic networks 
were generated using the NeighborNet algorithm. One serogroup X isolate 
was found and not analyzed further. Of the 23 remaining isolates, 21 
were ST7 and one was ST9021. One isolate had no ST assigned due to a 
deletion including gdh, one of the MLST loci. There were 6 distinct rSTs. 
242 variable genes and 1542 identical genes were identified among all 
isolates with wgMLST; the isolates clustered into three distinct groups, 
but no systematic clustering by disease or carriage source was observed. 
wgMLST provided a high-resolution view of the genetic diversity of these 
NmA isolates, which were indistinguishable at lower resolution. The 
invasive meningococcus population circulating during the epidemic was 
not homogeneous. Instead our results show that a variety of closely related 
but distinct clones were circulating in the human population and no 
systematic genetic differences were found between carriage and disease 
isolates. This supports the idea that it is a change in the host-pathogen 
interaction and/or the nasopharynx environment that drives the bacteria 
invasive phenotype, rather than solely bacterial factors.

1325
IMMUNOGENICITY FOLLOWING THE INTRODUCTION OF 
A NOVEL MENINGOCOCCAL B VACCINE TO CONTROL AN 
OUTBREAK AT A U.S. UNIVERSITY IN 2013

Nicole E. Basta1, Adel Mahmoud2, Peter Johnsen2, Robin Izzo2, 
Bryan Grenfell2, Alexander Ploss2, Brigitte Heller2, Jamie Findlow3, 
Xilian Bai3, Ray Borrow3

1University of Minnesota, Minneapolis, MN, United States, 2Princeton 
University, Princeton, NJ, United States, 3Public Health England, 
Manchester, United Kingdom

An outbreak at a New Jersey University in 2013 caused by Neisseria 
meningitidis serogroup B (MenB) ST-409 from the 41/44 clonal 
complex led to eight cases and one death. After months of sustained 
transmission, the FDA approved the use of a novel meningococcal B 
vaccine 4CMenB (Novartis), which was not licensed in the US. Overall, 
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98% of undergraduates received the first dose and 93% received 
the second dose. We aimed to understand the impact of 4CMenB on 
population-level immunity against the outbreak strain, immunity against 
the vaccine strains, and reasons for vaccine refusal. To address these 
questions, we conducted a cross-sectional seroprevalence survey in April 
2014. Six hundred and seven students enrolled. Sixty-six percent (95% 
CI: 62-70%) of students who received two doses of vaccine in December 
and February, 59% (33-82%) of those who received one dose only in 
December, and 21% (6-46%) of those who remained unvaccinated had 
serum bactericidal antibody (hSBA) titers using human complement ≥4 
against the outbreak strain. Students vaccinated with two doses had 
statistically significantly higher GMTs against the outbreak strain compared 
to unvaccinated students (7.6 (6.7-8.5) versus 2.8 (2.3-3.5), p=0.0015). 
The 7% of participants who remained unvaccinated or did not complete 
the series cited concerns about possible side effects, a lack of concern 
about MenB, and a lack of time as reasons. In the fall of 2014, we 
conducted a pre/post-vaccination immunogenicity study among incoming 
students who were also offered 4CMenB. The pre-vaccination survey 
enrolled 140 students; 75% returned for the post-vaccination survey four 
weeks after the second dose, of which 61 had received two doses and 33 
remained unvaccinated. An additional 88 students who had received two 
doses were enrolled post-vaccinated. Preliminary analyses are underway. 
Our investigation of immunity following the introduction of 4CMenB is 
the first evaluation of this vaccine in the context of an outbreak and the 
first study among young adults in the US. Our results are key to informing 
public health policy and strategies for better preventing and controlling 
future outbreaks.

1326
THE CHALLENGES OF MAINTAINING GOOD CLINICAL 
LABORATORY PRACTICES IN LOW-RESOURCE SETTINGS: A 
HEALTH PROGRAM EVALUATION FRAMEWORK CASE STUDY 
FROM EAST AFRICA
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Rubach1
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Limited capacity and quality of laboratory services remain critical barriers 
to healthcare improvements in low-resource settings. The objective of 
this study was to characterize challenges faced by clinical laboratories 
in East Africa. Using the US Centers for Disease Control and Prevention 
framework for program evaluation in public health, we evaluated the 
laboratory sections of the Kilimanjaro Clinical Research Institute managed 
by the Kilimanjaro Christian Medical Centre-Duke University Health 
Collaboration in Tanzania, a full-service clinical laboratory that supports 
clinical research studies and abides by Good Clinical Laboratory Practice 
standards. Review of records from November 2012 through October 2014 
revealed that the laboratory experienced 23 serious malfunctions among 
8 instruments, of which 7 (30.4%) precluded testing of study protocol-
required analytes. The median (range) time elapsed until vendor-contracted 
engineers arrived on-site for instrument repair was 9 (1-55) days. Of the 
laboratory’s 21 reagent and consumable suppliers, 16 (76.1%) were based 
outside Tanzania. International reagent and consumable shipments were 
held in Tanzanian customs for a median (range) of 9 (1-51) days, and 
customs clearance charges accounted for US$22,980.11 (7.1%) of all 
reagent and consumable expenditures (US$321,801.82) over a two-year 
period. Monthly test throughput among laboratory sections was a median 
(range) of 0.6% (0.2%-2.7%) of instrument capacity. Of 9 laboratory 
technologists employed during the review period, 5 (55.6%) left during 

this period. This evaluation highlights key challenges for maintaining 
high quality clinical laboratory services in low-resource settings. Improved 
timeliness of instrument repair services, expanded local supply of reagents 
and consumables, reduction of customs barriers, and workforce retention 
represent necessary steps towards establishing quality-assured laboratory 
capacity in East Africa. Progress in these areas will require coordinated, 
goal-directed partnerships between national and international 
stakeholders, donor agencies, and biomedical industries.

1327
IMPROVING EFFICIENCY AND QUALITY IN CLINICAL TRIALS 
IN SUB-SAHARAN AFRICA

Nerina Vischer, Constanze Pfeiffer, Christian Burri
Swiss Tropical and Public Health Institute, Basel, Switzerland

Clinical research is indispensable for efficient health systems. Research 
centers in sub-Saharan Africa face particular constraints through 
increasing trial related workload and administration paired with capacity 
limitations. We therefore investigated the main challenges in the conduct 
of clinical trials to optimize processes for resource-effective and high 
quality trials in low-resource settings. The working hypothesis was that 
the main difficulty was that existing regulations are not adapted to 
these particular situations and that the possible leeway for interpretation 
was not sufficiently exploited. Semi-structured individual interviews 
were performed in 2014 and 2015 in three English- and two French-
speaking African countries (Kenya, Tanzania, Ghana, Burkina Faso and 
Senegal). The interviews were conducted in two clinical research centers 
per country with a total of 69 clinical trial staff. For data triangulation, 
various staff levels were interviewed and additional informal information 
was gathered. The interview guide consisted of general questions about 
quality, guidelines, challenges, and perceived inefficiencies in clinical trials. 
The interviews were transcribed verbatim. Thematic analysis was then 
performed to identify themes relevant both across settings and positions. 
Poorly developed protocols, patient management and ineffective trial 
management are the themes that emerged: Protocols are often poorly 
adapted to the respective research settings ignoring capacity limitations 
and local culture and values. This together with unrealistic deadlines 
contributes to time loss in trials. Unclear delegation was another frequently 
described challenge. In turn, unexpectedly, the administrative burden 
resulting from the guidelines has never been mentioned as a difficulty; 
rather, researchers were grateful for having guidance in their daily work. 
To avoid protocols unsuitable for the context, we suggest better and 
earlier involvement of local staff. We also encourage careful and realistic 
planning with regular exchange and a test run before the enrolment of the 
first patient.

1328
THE FEASIBILITY USING OF HOSPITAL LOGBOOKS TO 
MEASURE BASELINE PERIOPERATIVE MORTALITY RATES IN 
ETHIOPIA

Lucy C. Unger1, Malena A. Outhay1, Isa I. Wismann-Horther1, 
Elizabeth T. Drum2, Miliard Derbew3, Kelly McQueen1
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University, Addis Ababa, Ethiopia

Ethiopia is a low-income country on the Horn of Africa with a developing 
healthcare infrastructure. Currently, there is no benchmark for the safety 
of surgery and anesthesia in Ethiopia that can be used to drive and 
track quality improvement. A recent consensus meeting held between 
representatives of Surgical and Anaesthetic Colleges and Societies 
supported the use of perioperative mortality rates (POMR) as a regional 
and national health indicator. The POMR is defined as total number 
of surgical deaths divided by total number of operations in a given 
year. POMR is measured at two time periods: death within 24 hours of 
surgery (or on the day of surgery) or within 7 days of surgery or prior to 
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hospital discharge. We examined the feasibility of measuring the baseline 
perioperative mortality rate (POMR) in Ethiopia using in a combination 
of intraoperative, anesthesia, and surgical ward logbooks at two hospital 
sites in Addis Ababa. A total of 7162 operations and 7 deaths were 
recorded, with 1 death occurring at the time of surgery and the remaining 
6 in the surgical ward or ICU. The POMR was measured at .097%. We 
encountered limitations in the form of missing logbook pages, illegible 
entries, and misplaced logbooks that may serve to underestimate the 
POMR. Furthermore, only the anesthesia logbooks recorded ASA status 
and cause of death, which was not kept at one of the sites. In conclusion, 
the methods used to establish the baseline POMR through logbook 
analysis will vary across hospital sites until a standardized system of 
surgical record keeping is established in Ethiopia.

1329
ONE ENVIRONMENT, MANY ETHNIC HEALTH DISPARITIES

Peter Kunstadter1, Alba Amaya-Burns2

1Program for HIV Prevention & Treatment, A. Muang, Chiang Mai, 
Thailand, 2Duke-Kunshan University, Kunshan, Jiangsu, China

Members of many different ethnic groups including Thai citizens and 
trans-border migrants live in close proximity in relatively homogeneous 
ethnic communities in rural northwestern Thailand, near the border 
with Myanmar. Most of the people in all communities farm crops such 
as maize and peanuts for the international market. All Thai citizens and 
many trans-border migrants have government-provided health insurance 
and all share a common government health care system with low cost 
to patients. All pregnant women and their husbands are eligible for low 
cost antenatal care including HIV counseling and testing. Despite living 
in the same natural and health care environment, Hmong, Lahu, Tai Yai, 
and especially Chinese ethnic minorities compared with Northern Thai 
ethnic majority have significantly less knowledge of HIV transmission, 
prevention and treatment, greater stigmatization of HIV/AIDS, report more 
constraints that delay or prevent use of health facilities and make less 
use of health facilities. Statistical controls for citizenship, Thai language 
ability, education, health insurance, economic status and presence of a 
motor vehicle in household reduce but do not eliminate highly significant 
disparities in these variables. Ethnic-specific tailoring to reduce disparities 
in health knowledge, HIV stigmatization, and effective use of health 
service includes training and using bi-lingual community members as 
translator-interpreters in clinics and as community health educators.

1330
USE OF COMMUNITY HEALTH VOLUNTEERS TO INCREASE 
COVERAGE FOR INTEGRATED COMMUNITY CASE 
MANAGEMENT IN BONDO, KENYA
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Makeba Shiroya-Wadambwa3, Dan James Otieno4, Charles Waka3
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Bondo County is located in the Western region of Kenya. It has an IMR 
of 110 and an U5MR of 208 per 1,000 live births which is thrice the 
national U5MR of 74/1000. There continues to be limited access to and 
use of health services in some rural areas that are underserved by health 
facilities. This provided the impetus for advocating for the implementation 
of integrated Community Case Management (iCCM) as a way to address 
these health disparities. An 18-month study is underway in Bondo to test 
whether community health volunteers (CHVs) can effectively deliver an 
iCCM package in the context of the existing community health strategy 
platform. The study is a quasi-experimental design with intervention and 
comparison groups of four community units each. Fifty-eight intervention 
group CHVs were trained on iCCM and health promotion, provided with 
iCCM commodities, and a monthly stipend of $23. In the comparison 

group CHVs were only trained in health promotion and receive a similar 
stipend. Baseline survey was done in October 2013 and midline in July 
2014; the latter was limited to the intervention group only. An endline 
survey is planned for June 2015. Overall introduction of iCCM resulted in 
over 100% increase in iCCM cases managed from baseline compared to 
midline (2,367 vs. 4,868), with the CHVs’ share being 56%. In terms of 
performance, the CHVs demonstrated good ability to follow the iCCM 
algorithm from the identification of signs to the classification of illness, 
and deciding whether to treat at home or refer to the health facility. The 
greatest improvement was in the ability to examine or “look” for signs 
of illness (average of 3% at baseline vs. 74% at midline), p <0.05. Key 
stakeholders reported that there were various benefits of iCCM in Bondo 
such as improved access to health services, improved health behaviors at 
individual and community level, community empowerment, and increased 
trust of the CHVs by the community. Based on these results so far, CHVs 
can effectively provide iCCM services and thus contribute to reducing 
childhood morbidity deaths in Bondo, Kenya.

1331
THE ROLE OF SOCIAL NETWORKS IN INTERVENTION 
STRATEGIES TO CONTROL TUBERCULOSIS: A CASE STUDY 
OF TWO COMMUNITIES IN LUSAKA, ZAMBIA

Lara J. Iverson
State University of New York – University of Buffalo, Buffalo, NY, United 
States

The global burden of tuberculosis (TB) currently is estimated to be 30-
50% and is on the rise. In Zambia, as well as throughout the developing 
world, persons infected with TB often are stigmatized within their 
communities. Additionally, information about the disease is transmitted 
via informal networks. This research explores the structural mechanics 
of social networks in two low-resource communities in Lusaka, Zambia 
to understand the role of these networks in creating sustainable health 
behavior change after the implementation of intervention strategies that 
targeted tuberculosis-infected persons and their families. The project 
uses social network analysis to study how interpersonal networks in 
these communities operate with the goal of measuring the efficacy of 
intervention strategies aimed at reducing tuberculosis-related stigma. 
Social network analysis is an effective tool in which to examine the role 
of relationships within communities since relationships reflect emergent 
dimensions of complex social systems that cannot be captured in statistical 
models of health and demographic data. Analyzing network structures can 
highlight the flow of information among its members and the likelihood 
of subsequent behavior change. In low-resource settings, sustainable cost-
effective intervention strategies are necessary to encourage TB-infected 
persons to seek treatment. Therefore, understanding these social networks 
potentially may allow for more effective program planning by harnessing 
the processes of information exchange within similar communities 
worldwide.

1332
DETERMINATION OF WEANING FOODS USED IN THE 
DOMINICAN REPUBLIC, EL SALVADOR AND HONDURAS 
AND THE IMPACT THEY HAVE UPON GASTROINTESTINAL 
PARASITIC INFECTIONS IN CHILDREN

James Palmieri, Susan Meachum, Sarah Stokes, Jenna Warehime, 
Magdalena Bax, Janie Ogle, Dezarae Leto
Edward Via College of Osteopathic Medicine, Blacksburg, VA, United 
States

Contaminated weaning foods account for a substantial portion of 
parasite-induced diarrheal diseases among infants and young children in 
developing countries. The sources of food contamination are numerous 
and without appropriate food safety measures and hygienic quality control 
of infant foods including drinking water, parasitic infections will remain 
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high in both infants and children. In a published study by Childers and 
Palmieri (2014) on the prevalence of gastrointestinal parasites in children 
from Verón, a rural city of the Dominican Republic, they examined 128 
fecal samples of children ranging from 2-15 years and found 127 positive 
for one or more parasites. Percent infection rates were 43.8% for Ascaris 
lumbricoides, 8.5% for Enterobius vermicularis, 21.1% for Entamoeba 
histolytica, and 22.7% for Giardia duodenalis, and with 7.8% of the 
children examined having double infections. The extremely high infection 
rate of gastrointestinal parasitic diseases in the Punta Cana-Bávaro-Veron-
Macao municipal district in young children may be attributed to what the 
local population use for weaning foods and how the weaning foods are 
prepared. Presently, there are not published reports on weaning foods 
in this area. In this study approximately 250 women with children in 
Honduras, El Salvador, and the Dominican Republic will be interviewed to 
determine breastfeeding practices, age at which weaning took place from 
breast milk or formula, what the weaning foods are, and how the weaning 
foods were prepared, and to correlate this information with transmission 
cycles for the known parasitic diseases in children in the area.

1333
ADVANCEMENTS AND CHALLENGES IN DESIGNING 
ACCURATE, POINT-OF-CONTACT, INFRASTRUCTURE-FREE 
MOLECULAR RAPID DIAGNOSTIC TESTS

Dylan Guelig, Robert Burton, Steven Diesburg, David McAdams, 
Paul LaBarre
PATH, Seattle, WA, United States

Currently, most clinically relevant nucleic acid amplification tests (NAATs) 
require laboratory or electrical infrastructure, preventing accurate 
infectious disease diagnostics in low-resource settings (LRS). Although 
simple and ubiquitous at the point-of-contact (POC), antigen based rapid 
diagnostic tests (RDTs) may lack the sensitivity required for diagnosing 
acute or low density infections. In an effort to extend the reach of 
molecular diagnostic tools, PATH has previously demonstrated the versatile, 
non-instrumented nucleic-acid amplification (NINA) reusable platform 
across HIV-1, Buruli ulcer, and Plasmodium spp. isothermal amplification 
assays. NINA provides precise temperatures required for isothermal NAATs 
by coupling an exothermic reaction to a phase change material (PCM) 
to create an energy dense, low-cost, consistent heat source. Furthering 
this technology, PATH has developed a single-use disposable miniature 
format, enabling low-cost diagnosis free from reusable components or 
infrastructure. This hardware advancement enables molecular diagnostics 
in an easy-to-use form factor, taking accurate diagnostics further into 
LRS. Significant engineering and manufacturing challenges encountered 
in device miniaturization include thermal management, performance 
repeatability, ambient operating range, and temperature precision. 
We have met these challenges through PCM composite engineering, 
paper microfluidic reagent delivery, computational modeling, and batch 
manufacturing methods. Here, we discuss design strategies and challenges 
in the manufacture of 150 miniature alpha prototypes to support 
evaluation by the US Center for Disease Control and Prevention (CDC) of 
a point-of-contact RT-LAMP HIV-1 NAAT. These recent developments show 
progress toward our vision of simple, sample-to-results molecular RDTs, 
capable of being used anywhere in the world.

1334
THE ANALYSIS OF CO-MORBIDITIES AND THE PROMISE OF 
IMPROVED DIAGNOSTICS FOR A HIGH DISEASE-BURDEN 
COMMUNITY

Paul W. Fenimore1, Benjamin H. McMahon1, Nicolas W. 
Hengartner1, Ruy M. Ribeiro1, Norman A. Doggett1, Momchilo 
Vuyisch1, Harshini Mukundan1, James M. Hyman2, Carrie A. 
Manore2, Prakash Kempaiah3, Douglas J. Perkins3

1Los Alamos National Laboratory, Los Alamos, NM, United States, 2Tulane 
University, New Orleans, LA, United States, 3University of New Mexico, 
Albuquerque, NM, United States

The most effective path to substantial improvements in public health 
and medicine in high-disease burden areas is unclear in part because 
the effect of changes in diagnostics or treatment options are difficult to 
anticipate. Co-morbidities radically alter the progression and outcome of 
disease relative to solitary infection and play a major role complicating 
medicine and public health, making the necessary analysis difficult. Well-
documented examples of altered progression and outcome include HIV 
disease, tuberculosis, and malaria, which jointly influence progression 
and the outcome of concomitant acute bacterial infections. Several 
mechanisms tie changes in disease progression to epidemic progression 
and endemic state, including the maintenance of subclinical infections, 
and modulation of immunity. While disease progression and contagion 
are moderately well-characterized for these diseases in isolation, 
mathematical epidemiology of co-morbidities is not well-established. 
Relying on extensive clinical data from Siaya, Kenya, we analyze the model 
sensitivities for simultaneous disease progression and contagion models 
in the context of holoendemic malaria and co-morbidities in Siaya. The 
problem of constraining several simultaneous disease progression and 
contagion models (two acute bacterial infections, malaria, tuberculosis) 
including their co-morbidities is challenging and we report the co-varying 
uncertainties in the parametrization of our model’s interactions between 
co-morbidites, and in the parametrization of contagion. Models such 
as the one reported here promise to improve our ability to understand 
co-morbidities and their complex interactions with medicine and public 
health.

1335
KEY SUCCESS INDICATORS OF A COMMUNITY 
ENGAGEMENT STRATEGY: THE CASE OF A TROPICAL 
MEDICINE RESEARCH UNIT ON THE THAI-MYANMAR 
BORDER

Phaik Yeong Cheah1, Khin Maung Lwin2, Francois Nosten2, 
Michael Parker3

1Mahidol Oxford Tropical Medicine Research Unit, University of Oxford, 
Bangkok, Thailand, 2Shoklo Malaria Research Unit, Mae Sot, Thailand, 
3The Ethox Centre, University of Oxford, Oxford, United Kingdom

Community engagement is increasingly promoted to strengthen the 
ethics of medical research in low-income countries. One strategy is to use 
community advisory boards (CABs), however there is a paucity of data on 
how to evaluate it. The Shoklo Malaria Research Unit (SMRU) has been 
conducting research in tropical medicine e.g. malaria in a population of 
refugees, migrant workers, and displaced people on the Thai-Myanmar 
border for nearly 30 years. In 2009 SMRU facilitated the establishment 
of the Tak Province Community Ethics Advisory Board which consists of 
members from the border community in an effort to formally engage with 
the local people both to obtain advice and to establish a participatory 
framework within which studies and the provision of health care can take 
place (https://www.youtube.com/watch?v=HFYJWfGoVeQ). Six years on, 
we wonder if the CAB been successful, which begs the question “what 
are the key success indicators of a CAB and how do we evaluate it?” 
Based on our experience facilitating the CAB, attending its meetings 
and conducting formal interviews with relevant stakeholders, we have 
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identified the following indicators, both qualitative and quantitative: (1) 
key factors that motivate members who serve on the CAB (2) the level of 
trust among the members, and between researchers and members (3) the 
nature and depth of discussions in CAB meetings (4) the number and the 
quality of suggestions and changes in research studies recommended by 
CAB members, and the extent they have been taken on board by SMRU 
researchers and collaborators (5) the extent of the CAB protecting the 
interests of the community it serves e.g. preventing exploitation (6) the 
representativeness of the CAB members (7) the sustainability of the CAB 
(8) the ability of the CAB to identify significant ethical issues and (9) the 
perception of the CAB by community members and researchers. These 
indicators are crucial for us to conduct a formal evaluation of the CAB and 
to design our community engagement strategy in years to come.

1336
MATERNAL SCREENING TO PREVENT CONGENITAL 
TOXOPLASMOSIS IN AUSTRIA: MODELING THE COST-
MINIMIZING OPTION

Eileen Stillwaggon1, Andrea-Romana Prusa2, Evelyn Walter3, 
Larry Sawers4, Michael Hayde2, Arnold Pollak2, David C. Kasper5

1Gettysburg College, Gettysburg, PA, United States, 2Department 
of Pediatrics and Adolescent Medicine, Toxoplasmosis Reference 
Laboratory, Medical University of Vienna, Vienna, Austria, 3Institute 
for Pharmaeconomic Research, Vienna, Austria, 4American University, 
Washington, DC, United States, 5Department of Pediatrics and Adolescent 
Medicine, Research Core Unit for Pediatric Biochemistry and Analytics, 
Medical University of Vienna, Vienna, Austria

Toxoplasma gondii is a protozoal parasite that infects a significant 
proportion of humans globally, although prevalence varies widely among 
and within world regions. Mothers infected during pregnancy may 
exhibit no symptoms, but there is about a 50% risk of transmission to 
the fetus and possibility of mild to profound injury to the unborn child. 
Consequences of fetal infection include chorioretinitis, encephalitis, 
hydrocephaly, cerebral calcifications, hearing loss, and fetal death. In 
the USA, 91% of children with no prenatal or postnatal treatment had 
visual and/or cognitive impairment by age 12. In Europe, 3 countries 
have systematic prenatal screening programs for early intervention to 
prevent or reduce fetal injury and have seen large reductions in maternal 
infection, fetal infection, and fetal injury. The Austrian protocol for 
prenatal testing and medication was initiated in 1992. Using historical data 
from the Austrian Toxoplasmosis Register, which records serology history 
and birth outcomes for 1 387 680 pregnancies from 1992 to 2008, we 
compare lifetime societal costs of the Austrian protocol as implemented 
with lifetime societal costs in a hypothetical scenario without prenatal 
screening. In a decision-analytic model using a societal perspective, 
we include costs of treatment, lifetime care and accommodation of 
injuries, and lost productivity that would have occurred in a No Screening 
scenario with actual costs of screening, treatment, lifetime care and 
accommodation, and lost productivity in Austria from 1992 to 2008. 
Lifetime societal costs of the No Screening option would have been €198 
per birth, for all Austrian births in the period, resulting in total costs 
of about €275 million for treatment and accommodation for children 
without early diagnosis and treatment. Maternal screening according to 
the Austrian protocol as implemented over the period, including costs 
of screening, maternal treatment, infant treatment, and lifetime costs 
for those children with CT in spite of the protocol cost €58 per birth, or 
roughly €80 million. The Screening option is cost-minimizing, saving €140 
per birth, or about €200 million euros.

1337
TRANSLATING DATA FOR POLICY ACTION: ASSESSING 
HEALTH FACILITY CAPACITY FOR MALARIA CASE 
MANAGEMENT IN GHANA, KENYA, AND UGANDA

Nancy Fullman1, Alexandra Wollum1, Benjamin Brooks2, Evelyn 
Anash3, Jane Achan4, Caroline Kisia5, Emmanuela Gakidou1

1Institute for Health Metrics and Evaluation, Seattle, WA, United States, 
2Zillow, Seattle, WA, United States, 3Ghana Health Service, Accra, Ghana, 
4Medical Research Council Unit, The Gambia, Serrekunda, Gambia, 5Action 
Africa Help-International, Nairobi, Kenya

To further accelerate gains made against malaria, more efforts that link 
research to local policy priorities are needed. This work is particularly 
important as more countries aim to improve their malaria case 
management guidelines. Most countries stipulate that parasitological 
confirmation for all suspected cases of malaria occurs before first-line 
antimalarials can be prescribed. Thus, assessing whether health facilities 
concurrently stock artemisinin-based combination therapies (ACTs) and 
malaria diagnostics (laboratory testing or rapid diagnostic tests [RDTs]) 
provides critical information about a country’s overall capacity for malaria 
case management. Drawing from nationally representative facility-level 
data collected through the Access, Bottlenecks, Costs, and Equity (ABCE) 
project, we analyzed the availability of both ACTs and malaria diagnostics 
across levels of care in Ghana, Kenya, and Uganda. In 2012, nearly all 
hospitals had the capacity for both diagnosing and treating malaria. 
Among primary care facilities, however, results varied more by country. 
Ghana recorded the largest proportion of public primary care facilities 
which lacked diagnostics (47% of health centers and 68% of community-
based planning and services [CHPs]). By contrast, public facilities in Uganda 
were more frequently limited by stock-outs of ACTs than deficiencies 
in testing (91% either had a microscope or RDTs). At the lowest levels 
of care in Kenya, dispensaries and clinics, availability of malaria testing 
was the primary constraint to proper case management (15% stocked 
ACTs but lacked diagnostics); however, over 90% of public and private 
health centers in Kenya had concurrent capacity for malaria testing and 
treatment. These findings show that the policy interventions for improving 
malaria case management are likely to vary across countries and levels of 
care. As more national guidelines require parasitological confirmation of 
malaria and call for universal access to ACTs, it is crucial to identify where 
specific gaps exist within a country’s health system and then use these 
data to tailor evidence-informed strategies against malaria.

1338
USING STORIES TO SUPPORT MASS DRUG ADMINISTRATION 
FOR THE ELIMINATION OF LYMPHATIC FILARIASIS IN AGAM 
DISTRICT AND DEPOK CITY, INDONESIA

Alison Krentel1, Rita Damayanti2, Christiana R. Titaley2, Nugroho 
Soeharno2, Mark H. Bradley3, Timothy Lynam4

1Faculty of Infectious and Tropical Diseases, London School of Hygiene & 
Tropical Medicine, London, United Kingdom, 2Centre for Health Research, 
Faculty of Public Health, Universitas Indonesia, Jakarta, Indonesia, 3Global 
Health Programs, GlaxoSmithKline, London, United Kingdom, 4Society 
Reflecting Pty Ltd, Townsville, Australia

In 2013, we developed a tool and process to support the implementation 
of mass drug administration (MDA) for lymphatic filariasis (LF) elimination 
in two districts in Indonesia where additional rounds of MDA were 
required. We aimed to understand MDA from the perspective of the 
recipients (community members) and the deliverers. In both locations 
(Depok City (urban) and Agam District (rural)), more than six rounds 
of MDA had been completed by 2012. In 2013, Agam District did not 
pass the Transmission Assessment Survey (TAS) and Depok City did not 
qualify for TAS. District stakeholders reported feeling discouraged when 
required to continue additional MDA rounds. In order to assist with this 
prolongation of MDA we developed a tool using a novel approach in social 
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data collection whereby people were asked to tell their direct experiences 
with MDA. Based on these narratives, respondents then provide insight 
into the influences and motivations for the reported behavior. In December 
2013 and January 2014, 805 community members were interviewed 
following the last MDA round. Over 78% of the total sample had ever 
received the MDA, and 65% of those receiving the drugs, complied. 
Positive influences on compliance included being given the LF drugs 
outside of the house (AOR 2.74, p=0.004), exposure to informative media 
(AOR 2.10, p=0.002), perceived common goodness (AOR 1.5, p=0.019), 
being healthy (AOR 10.74, p=0.000) and knowing that others have 
complied (AOR 2.27, p=0.03). At the same time, 204 drug deliverers were 
surveyed. 58% of deliverers had participated in MDA more than 3 times 
and 93% reported previous MDA compliance. Results showed that MDA 
eligibility criteria were misunderstood; meaning less people were being 
offered LF drugs. This research demonstrated that specialized guidance 
could assist those districts that must prolong MDA past six rounds. The 
use of stories provided a more reliable prediction of compliance than the 
standard behavior survey data. The narrative capture tool developed in 
this study could be used to assess and advise districts struggling to reach 
sufficient coverage levels to achieve LF elimination.

1339
PREDICTING THE USE OF ORAL REHYDRATION SOLUTION 
(ORS) FOR CHILDREN WITH DIARRHEA: AN APPLICATION OF 
LOGISTIC REGRESSION AND CLASSIFICATION TREES

Jay Park, John McLennan, Alberto Nettel-Aguirre
University of Calgary, Calgary, AB, Canada

Child diarrhea is a critical concern, for which oral rehydration solution 
(ORS) is a key management method. Logistic regression (LR) is one of the 
most common statistical methods used for prediction of key behaviours 
such as ORS use. With the large number of potential variables that could 
be included, variable selection is often a problem in LR. Classification 
trees (CT), a form of binary recursive partitioning, have been suggested 
as an alternative. CT can be used to identify complex interactions 
between predictors and present them in a tree diagram that is easy to 
interpret. Thus, CT may be used to build a predictive model as accurate 
and interpretable (or more) than LR. The aim of this study was to build 
and compare predictive models for ORS use using LR and CT, using data 
from the 2007 and 2013 Demographic Health Surveys of the Dominican 
Republic. Purposeful selection, which relies on univariate analyses to select 
variables, was chosen for LR. CT was used as a predictive model itself, 
and the variables in the tree output were used to build a LR. Purposeful 
selection and CT models ended up with almost the same list of predictors. 
Five of the six predictors in the CT were present in the purposeful LR 
(caregiver education, child age, feeding response, whether sought 
treatment/advice and whether used public health care for diarrhea), which 
may explain comparable prediction accuracy between the models. The CT 
had accuracy (Ac, 95% CI) of 67.9% (63.1-72.4), the tree LR had Ac of 
71.9% (67.6-75.5), and the purposeful LR had Ac of 71.4% (66.8-75.5). 
The sensitivity and specificity were also similar between these models. 
Despite having similar performances, the CT approach was arguably more 
useful as the tree diagram better illustrated the order of hierarchy and 
interactions among the predictors, and how they collectively affected ORS 
use. While limited to two cross-sectional datasets, this study is one of the 
first to compare the utility of CT as a predictive model versus conventional 
method of LR for ORS use, and as a method to select variables for LR. This 
approach may be useful in identifying predictors in other health behavior 
studies.

1340
FACTORS ASSOCIATED WITH THE NON-USE OF INSECTICIDE 
TREATED NETS IN RWANDAN CHILDREN

Monique Murindahabi Ruyange1, Corine Karema1, Rukundo 
Alphonse Rukundo1, Eric Tongren2, Kaendi Munguti3, Agnes 
Binagwaho4, Jeanine Condo Jeanine5

1Malaria and Other Parasitic Diseases Division, Rwanda Biomedical 
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Insecticide treated bed nets (ITNs), when used properly, have shown to 
be highly effective in reducing malaria morbidity and mortality. However, 
factors related to individual, household and community may influence 
how ITNs are used. Our study examined factors associated with non-use of 
ITNs non-use among children under five years in Rwanda. We conducted 
a secondary data analysis of 2010 Rwanda Demographic Health Survey 
(DHS) data using multilevel logistic regression analysis. Responses from 
a total of 6,173 women aged 15-49 years living in 492 villages were 
included in the analysis. The ITN non-use among children under five years 
was 25%. Risk factors for ITN non-use included household with more than 
5 members (OR=1.42; 95% CI=1.23-1.63), employed mother (OR=1.33; 
95% CI=1.06-1.66), and lower village altitude (OR=1.36; 95% CI=1.14-
1.61). Risk factors for ITN use included households with more than 3 
nets (OR=0.39; 95% CI=0. 33-0.47), women with one to four visits to 
antenatal clinic (ANC) (OR=0.45;95% CI=0.29-0.69) and more than 4 ANC 
visits (OR=0.39; 95% I=0.21-0.70), mother married or living with partner 
(OR=0.43; 95% I=0.36-0.52), mother with any education (OR=0.77; 95% 
CI=0.65-0.91), and higher community wealth quintile (OR=0.71; 95% 
CI=0.59-0.84). Proper use of ITNs can decrease the burden of malaria 
in Rwanda. Factors related to ITN non-use at individual, household and 
community levels, including mother marital status, mother occupation, 
education, ANC attendance, number of mosquito bed nets, number of 
household members and, socio-economic status need to be addressed to 
ensure that ITNs continue to be effective in preventing malaria. 

1341
BETEL OR ARECA NUT CONSUMPTION IN YAP, FEDERATED 
STATES OF MICRONESIA

Mawuli Nyaku1, Ashley Tippins1, Rosemary B. Duda2

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
2Yap State Department of Health Services, Colonia, Federated States of 
Micronesia 

The areca or betel nut (AN), the fruit from the palm Areca catechu is the 
fourth most commonly used psychoactive drug after tobacco, alcohol, and 
caffeine globally. Worldwide, an estimated 600 million people of all age 
groups and social classes consume AN. Oral cancer mortality rates of up to 
80% associated with AN consumption have been reported in the Western 
Pacific Region. Other adverse health effects associated with AN use 
include esophageal, pharynx, lung, pancreatic, and cervical cancers. Yap, 
one of the four islands that comprises the Federated States of Micronesia 
(FSM) has the most traditional and persistent AN practices. Oral cancer 
rates in Yap are the highest in FSM at 31.8 cases per 100,000 people. 
This study sought to characterize current AN consumption, preparation 
and health attitudes among the Yapese population. The surveys were 
conducted by trained Public Health staff, who randomly interviewed 524 
Yapese using a standardized data collection instrument. The interviews 
were conducted from October 1-December 31, 2014. Demographic 
information, AN consumption practices, and smoking and drinking habits 
among AN consumers were collected. The survey participants comprised 
of a total of 524 individuals including 297 (56.7%) females. The mean age 
for all participants was 33.52 (range 13-90 years). 5.4% of participants 
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had completed professional education, 30.4% college education, and 
48.7% high school. 87.9% of females and 90.7% of males responded 
yes to current AN consumption. The mean age at which participants 
started consuming AN regularly was 17.77 years (range: 2-53 years). 
Of all the participants, 22.1% indicated smoking tobacco and 48.5% 
indicated drinking alcohol. Of the current AN users, 81.4% agreed to 
stop consuming AN if they knew it was harmful to their health. According 
to the World Health Organization, AN alone is a cancer causing agent. 
Because a substantial number of participants indicated they would stop 
AN consumption if they were aware of harmful health effects, public 
health education on the adverse health effects of consuming AN should 
be an initial step implemented in Yap to reduce AN consumption in the 
population.

1342
USE OF INTERNET APPLICATIONS IN DATA MANAGEMENT 
OF THE DENGUE VACCINE INITIATIVE FIELD STUDIES

Lee Kang Sung, Lim Jacqueline, Mabel Carabali, Park Jin Kyung
International Vaccine Institute, Seoul, Republic of Korea

The data management in epidemiological studies implemented in 
developing countries faces many challenges in communication with 
different language, imbalance of proficiency among the data team 
staff at study sites, differences in terms of cultural background and past 
experience, and so on. Adequate communication through training with 
the local site staff is a key component in proper data management and 
successful execution of the field project. Hence, relevant training should 
be taken in advance to avoid delay of the study launch as well as to 
minimize potential errors. However, some studies experienced substantial 
delayed with inevitable reasons, such as travel restriction to the site with 
natural disasters and political instability. From the experience of launch 
and management of the data system, we report the learning lessons 
obtained from data management training using internet applications 
and its utilization on relevant studies. Two types of internet application 
were implemented for the data management training. WebEx includes 
functions requisite for training through the video conferencing and sharing 
the computer screen. TeamViewer allows us control remotely the main 
computer of study site and able to implement the data management 
system and to resolve the unexpected problems. The pilot study after 
the on-line data management training has been done and the on-line 
training was also compared with offline training.In DVI with multiple field 
sites with different local characteristics with standardized study designs, 
the DM could gain experience and learning lessons from various data 
management systems implemented. As many information techniques 
have been adopted in such kinds of field studies, many methods for the 
data management from paperless data collection to web-based system 
became available. Accordingly, an intensive relevant training needs to be 
complemented. The best way to manage data staffs of the study sites is 
a face-to-face training with monitored practice. However, proper use of 
the on-line alternatives for communication and training could be taken to 
overcome long international travels and cost issues.

1343
YOUTH TRAUMA TRAINING - EXPLORING THE FEASIBILITY 
OF TRAINING ETHIOPIAN YOUTH IN BASIC TRAUMA PRE-
HOSPITAL CARE

Isa I. Wismann-Horther, Malena Outhay, Lucy Unger, Amina 
Merchant, Kelly McQueen, Miliard Derbew
Vanderbilt School of Medicine, Nashville, TN, United States

Trauma continues to be a leading cause of death, globally accounting 
for approximately 11% of the global burden of disease. Low and middle 
income countries (LMIC) report an annual injury death rate due to trauma 
nearly double those of high income countries. Accordingly, trauma is 
a leading cause of morbidity and mortality in the LMIC Ethiopia. Many 
deaths occur in the pre-hospital setting due to airway compromise, 

respiratory failure, or uncontrolled hemorrhage and can be managed 
by basic first-aid techniques. Several studies have demonstrated the 
significant potential to decrease trauma morbidity and mortality through 
training laypersons in basic trauma resuscitation. In collaboration with 
Ethiopian academic partners, we piloted a basic trauma resuscitation 
course targeted towards Ethiopian youth as a proof of concept study. 
Classes of approximately 20 voluntary students aged 14-21 were given 
a multiple choice pre-test, taught a three hour course and then given 
an identical post test with a qualitative, free response survey attached. 
The course content was based off ATLS principles of ABCD (Airway, 
Breathing, Circulation and Disability) interventions modified for a low 
resource setting. We hypothesized that young adults are an effective 
layperson population that could easily learn and apply these techniques 
and can be targeted for future trauma education interventions in order to 
increase the number of first responders in Ethiopia. Following education 
intervention the students demonstrated improvement in test scores with 
a post test average score of 81.78% (SD=12.04, N=83) increased from a 
pre test average score of 49.17% (SD=13.73, N=83). A dependent t test 
demonstrated significant difference between pre and post intervention 
scores (p < 0.01). The trauma courses were well received by students 
and increased the number of capable responders in Ethiopia. This study 
encourages further trauma education interventions targeted towards 
youth in order to establish an organized trauma triage system in a resource 
challenged country.
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AND PAP TEST IN THE PREVENTION OF CERVICAL CANCER IN 
RURAL HAITI
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Cervical cancer has the highest incidence and mortality rate of all cancers 
in women in Haiti. Unlike many cancers, it is preventable to a large extent 
by effective screening programs. Papanicolau (Pap) tests are not readily 
available in resource-limited areas and require multiple steps prior to 
treatment. In a rural setting where the incidence of cervical cancer is high, 
visual inspection with acetic acid (VIA) provides a one step method to 
diagnose and treat cervical dysplasia in high risk patients in low resource 
settings and has been shown to decrease cervical cancer mortality by 
31%. This technique is widely studied and shown to be an effective and 
safe way to prevent cervical cancer in rural settings and may also be used 
to provide early identification and treatment of cervical dysplasia in rural 
Haiti. Outpatient mobile clinics in Haiti were established in the rural village 
of Mussotte in March and April 2015. A total of 243 patients sought 
gynecologic care. VIA was performed by medical students supervised by 
physicians on patients ages 21-60 years of age. VIA screening and Pap 
tests were performed on 165 patients. A log was kept of all patients who 
received medical treatment, and the log was retrospectively analyzed. The 
purpose of this descriptive analysis is to compare the results of VIA and 
Pap test in the detection of cervical cancer. Of the 165 women screened 
with VIA and Pap test, 4 women had positive VIA results and were treated 
with cryotherapy. 1 woman had invasive cervical cancer. Pathologic 
analysis of Pap tests will be performed in the United States, and patients 
will be notified of their results. VIA positively identifies cervical dysplasia 
at least as often as Pap. The key advantages of VIA over Pap are a lower 
cost of testing and the ability to administer treatment contemporaneously. 
Given the relatively higher prevalence of cervical cancer in the rural setting, 
VIA is recommended as a cost-effective way to screen for cervical cancer in 
rural Haiti.
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EXPERIENCE USING FREE CLOUD SOFTWARE AS A MEDICAL 
TOOL ON A TROPICAL MEDICINE CLINIC
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Instituto Conmemorativo Gorgas de Estudios de La Salud, Panama, 
Panama

Electronic records are currently changing the way epidemiology is 
gathering information. In tropical medicine the demand for such 
products is huge, as this group of diseases affects more than one billion 
people. Starting to use electronic records on a tropical medicine clinic 
in a small country in Central America such as panama does not need a 
lot of monetary resources. There are many different software that are 
offered for free or paid that can provide medical records or data base 
registry. On our clinic we are currently managing electronic tools such as: 
Electronic Medical Records with a data base, a photo library indexed for 
each patient, georeferencing system and various forms for reporting to 
the health authorities; they are all offered for free from google drive and 
fusion tables, they are easily accessed from the cloud and are exportable 
to other programs. Our clinicians have all the information about their 
patients available in any device and readably accessible. The patients 
are easily georeferenced to the fusion table map and easily filtered by 
diagnosis making this tool indispensable for monitoring the epidemiology 
of different infectious diseases. These kind of systems allow an easier data 
collection, patient’s follow-up, data analysis, and also provide information 
to the medical community, health authorities and scientific societies. 
We have seen the many advantages of these tools in our clinical setting 
and we strongly believe that this model can be easily adopted by other 
clinics. In today’s world it is necessary to take advantage of the technology 
we have at hand and every physicians should familiarize with the wide 
spectrum of tools at their disposal.

1346
LOGISTICS RELATED TO AN EBOLA TREATMENT STUDY IN 
WEST AFRICA

Joe Sgherza
Clinical Research Management, Hinckley, OH, United States

With rapid response to the 2014 Ebola outbreak in West Africa, ClinicalRM 
initiated a treatment study for Ebola in West Africa, utilizing convalescent 
plasmapheresed plasma. Given the nature of this study, and the need for 
rapid response, logistical issues were overcome by providing rapid protocol 
development, mobility of personnel, equipment, including HopeMobiles 
(bloodmobiles), and the ability to leverage strong international 
partnerships to ensure effective and rapid study start-up. Preplanning 
involved consideration of personnel needed in the U.S. and Africa for 
effective execution of the study. ClinicalRM and partners provided full-
time investigators, program and project managers, and a full research 
team. Challenges faced in Africa, from the lack of site Standard Operating 
Procedures (SOPs), training, as well as enhanced communication between 
the U.S. and Africa. These issues were overcome by utilizing ClinicalRM’s 
extensive template library and by providing continuous SOP review by 
ClinicalRM project managers and quality specialists. Site communications 
and telephone line capacities were inadequate for large studies and 
international, daily conference calls. These issues were rectified with an 
appropriate carrier and a new platform for hosting meetings. Remote 
Data Capture could not be accomplished electronically due to internet 
bandwidth. We were required to use paper CRFs. One of the largest 
problems to overcome was that of transportation of the HopeMobiles 
from the manufacturing site in North Carolina to the destination in West 
Africa. With careful planning and one-of-a-kind international synergy, 
we were able to supply and ship our HopeMobiles to the study sites 
using a FedEx AN-124 transport aircraft and drive them directly to the 
sites. A U.S. engineer oversaw the setup of site equipment on board the 

HopeMobiles, ensuring the technical efficiencies. Moreover, because 
ELISA could not be performed at the site in Africa, specialized labs at U.S. 
Army Medical Research Institute for Infectious Diseases (U.S.) committed 
to the study by providing RT-PCR and ELISA test methods. Along with our 
partners, we managed all aspects of operations and study startup.

1347
PRIVATE SECTOR PROVIDERS, KEY PARTNERS IN IMPROVING 
QUALITY OF FEVER CASE MANAGEMENT-INSIGHTS FROM 
MADAGASCAR

Rova Ratsimandisa1, Cristina Lussiana2, Victor Lara2, Purity 
Njagi2, Nikki Charman2, Stephanie Dolan2

1Population Services International, Antananarivo, Madagascar, 2Population 
Services International, Nairobi, Kenya

In Madagascar, the private health sector distributes 80% of antimalarial 
drugs, primarily through drug stores, pharmacies and retailers. Diagnostic 
services, however, are practically non-existent in the private health sector, 
often leaving potentially life- threatening febrile illnesses mistreated. 
Population Services International is implementing a project to improve 
fever case management in the private sector. In addition to training private 
providers to correctly manage fever cases using Rapid Diagnostic Tests 
(RDTs), the project has built a dynamic system to supervise providers and 
improve their performance to ensure they meet international standards of 
Quality of Care (QoC). Private provider behavior is regularly assessed by a 
team of quality assurance officers (QAOs), using an assessment checklist 
approved by the Ministry of Health and WHO. The checklist provides 
QAOs with an overall QoC score, based on a series of critical steps that 
providers need to complete, from evaluating danger signs to making 
correct treatment decision according to diagnostic test results, as well 
as providing counseling and follow-up care through a referral system. 
It is used not only to track progress over time and plan next assessment 
visits, but also to identify specific gaps that can be addressed during 
each assessment visit, or through refresher training. Early results from 
the project show that monitoring for performance improvement can be 
achieved in the private health sector, and that tailored support to private 
health providers ensures high level of quality of care. Since the beginning 
of the project in Madagascar, 60 private providers have been trained 
on the use of RDTs, representing over 9,000 fever cases managed at 52 
private facilities between April and December 2014. During that time, 
testing rate increased from 69.2% to 92.7%. The overall QoC score rose 
from 38% in late 2014 to 71.4% in early 2015. This project represents the 
first time such a system has been set up to monitor performance in the 
private sector.

1348
DELIVERING SEASONAL MALARIA CHEMOPREVENTION TO 
CHILDREN UNDER TEN AT SCALE IN CENTRAL SENEGAL: 
COSTS AND COST DETERMINANTS

Catherine Pitt1, Mouhamed Ndiaye2, Lesong Conteh3, Ousmane 
Sy4, El Hadj Ba1, Badara Cisse1, Oumar Gaye2, Jean Louis NDiaye2, 
Paul J. Milligan1

1London School of Hygiene & Tropical Medicine, London, United Kingdom, 
2Universite Cheikh Anta Diop, Dakar, Senegal, 3Institute for Global Health 
Innovation, Imperial College London, London, United Kingdom, 4Université 
Cheikh Anta Diop, Dakar, Senegal

The World Health Organization (WHO) recommends seasonal malaria 
chemoprevention (SMC) for children under 5 in areas of highly seasonal 
transmission. Extending the age range could protect older children. We 
analysed the incremental financial and economic costs of delivering SMC 
to 180,000 children aged 3 months to 10 years from a health service 
perspective in 2010, the third year of implementation in rural and semi-
urban central Senegal. In addition to analysing project accounts, we 
prospectively collected data from a representative, systematic sample 
of 405 community health workers (CHWs); all 46 health posts; and all 
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four district headquarters by introducing questionnaires in advance and 
administering them after each of three monthly rounds of SMC. Key 
informant interviews were used to understand CHW opportunity costs 
and data sources were triangulated to arrive at best estimates. Coverage 
estimates reflect a comprehensive analysis of administrative records and a 
cross-sectional household survey. Increasing the age range for SMC from 
under-5s to under-10s virtually doubled the target population, however, it 
only increased the target number of households by 13%; high coverage 
was achieved in both groups. The financial cost over one malaria season 
at average monthly coverage of 90% was $234,462, $0.50 per monthly 
course administered, or $0.32 per resident (all ages) in the catchment area. 
The economic costs were 19% higher at $278,407 or $0.59 per course 
administered. The average cost per course administered varied widely 
between health posts, with the smallest incurring substantially higher 
costs. Key determinants of variation between health posts in the total and 
average costs of SMC delivery were analysed with ordinary least squares 
regression, but neither previous experience with SMC nor geographic 
variables were consistent determinants. At a financial cost per capita of 
1% of Senegal’s general government expenditure on health per capita, 
SMC may be affordable. Costs were lower than estimated and projected in 
previous, smaller studies conducted only in under-5s, indicating economies 
of scale and/or scope in an extended age range.

1349
IMPROVING TRAUMA CARE SYSTEMS IN EAST AFRICA: 
AVOIDING THE BANDAID APPROACH

Harvey Hawes, Andre Isaac, Abdullah Saleh, Jessica Hogan, 
Badeia Jawhari, Abraam Isaac
Innovative Canadians for Change, Edmonton, AB, Canada

Trauma is the leading cause of death in the first four decades of life 
worldwide, with an annual mortality rate higher than that of HIV, malaria, 
and TB combined. This burden falls disproportionately on Low Income 
Countries (LICs), where the rate of deaths secondary to trauma is the 
highest in the world. In LICs, there is severely limited access to adequate 
trauma care due to inconsistent quality of care, inappropriate distribution 
of resources, inadequate training, and poor infrastructure. Solutions to 
this problem must address multiple levels of a fragmented health system, 
rather than any one aspect alone. The Kenya Trauma and Injury Program 
(KTIP) is the Innovative Canadians for Change (ICChange) approach to 
addressing the burden of trauma in LICs. KTIP is working to develop 
and implement a national trauma framework and build the necessary 
administrative and technical capacity to train, implement, oversee, certify, 
and support selected existing and new infrastructure in all facets of trauma 
care in Kenya. The goal of KTIP is to collaborate with local experts to 
develop a thorough approach to trauma care, including preinjury policy 
work, prehospital, hospital, and rehabilitation services, which would be 
supported by a national trauma registry, trauma Geographic Information 
System (GIS) and trauma education systems such as Advanced Trauma 
Life Support (ATLS). Firstly, an assessment of the incident data of trauma 
regionally and nationally will improve the decision making of which sites 
on the GIS can act as a trauma “hub.” Secondly, infrastructure and clinic 
readiness surveys will be done to gain a better understanding of the 
capacity and feasibility of bringing a facility to a standard that is adequate 
for essential trauma care. Incorporating a national trauma registry will 
increase understanding of the epidemiology of trauma, guide policy 
development and the monitoring and evaluation of interventions such as 
training of clinic staff in the handling of trauma on trauma morbidity and 
mortality outcomes. Using the model of KTIP, this presentation will explore 
the strengths, risks, and criticisms of innovative trauma care in East Africa.

1350
EVOLUTION AND FUNCTION OF THE DUAL-AFFINITY AMINO 
ACID TRANSPORTER, AASLIF IN AEDES AEGYPTI

Hitoshi Tsujimoto1, Dmitri Y. Boudko2, Immo A. Hansen1

1New Mexico State University, Las Cruces, NM, United States, 2Rosalind 
Franklin University, North Chicago, IL, United States

Aedes aegypti is the major vector of dengue, yellow fever and 
Chikungunya viruses, which put hundreds of millions of people at risk 
each year in endemic areas. Blood feeding is required for both virus 
transmission and mosquito reproduction. Amino acid transporters play 
critical roles in sensing blood-meal nutrients and transporting building 
blocks for egg development. We analyzed the arrangement of SLC7-family 
transporter genes in Ae. aegypti genome and found that these genes are 
tightly clustered in a specific genomic region. Homology modeling revealed 
that putative substrate-interacting residues are strictly conserved among 
insect Slif orthologs. Electrophysiological studies uncovered that AaSlif is a 
dual-affinity amino acid transporter that functions in a sodium-dependent 
and -independent manner. This property allows AaSlif to function in a 
wide dynamic range of substrate concentrations (from micromolar to high 
milimolar for L-argenine) and allows mosquitoes to quickly react to varied 
nutritional environments they encounter during their life history. Our study 
shows that AaSlif is a high-value-target for the development of novel 
mosquito control strategies.

1351
EFFECTS OF DIAPAUSE ON THE EXCRETORY PHYSIOLOGY 
AND EXPRESSION OF AQUAPORINS IN THE WEST NILE 
VECTOR CULEX PIPIENS

Liu Yang1, David L. Denlinger2, Peter M. Piermarini1
1The Ohio State University, Wooster, OH, United States, 2The Ohio State 
University, Columbus, OH, United States

The northern house mosquito Culex pipiens is the primary vector of 
West Nile Virus in North America. Only female adults survive winter 
in a dormant phase called diapause. Infected female mosquitoes can 
serve as reservoirs for the pathogens to overwinter, leading to potential 
disease outbreaks in the following spring. Desiccation is one of the 
biggest physiological challenges for insects that over-winter. A previous 
study found that diapausing C. pipiens conserve water by increasing the 
accumulation of cuticular lipids, thereby reducing evaporative water loss. 
However, it is not known if C. pipiens modulates its excretory system 
during diapause. My study aims to fill this gap of knowledge. Malpighian 
tubules (MTs) are the primary excretory tissues of insects. Water transport 
across MTs is mediated by a family of membrane-bound water channels 
called aquaporins (AQPs). I have measured the whole animal excretory 
capacity and mRNA levels of five AQP genes in diapausing (D) and non-
diapausing (ND) mosquitoes. The D mosquitoes exhibit a significantly 
lower excretory capacity than ND mosquitoes. Moreover, the expression 
levels of some AQP mRNAs were significantly lower in D mosquitoes 
compared to ND mosquitoes. The results provide new insights into the 
molecular physiology of water balance in diapausing mosquitoes, and may 
also validate AQPs as targets for developing novel vector control methods 
that disrupt mosquito diapause and their transmission of pathogens.

1352
OXIDATIVE STRESS “MANAGEMENT” IS ESSENTIAL FOR 
ANOPHELES SURVIVAL POST PLASMODIUM INFECTED 
BLOOD MEAL INGESTION

Brian B. Tarimo
Ifakara Health Institute, Dar es Salaam, United Republic of Tanzania

Anopheles mosquitoes like other dipterans lack the flavoenzyme 
glutathione reductase (GR) of the GSH pathway and therefore utilize 



414

astmh.org

instead a Thioredoxin (Trx) system for “stress management”. Anopheles 
gambiae and Anopheles stephensi mosquitoes have been shown to 
regulate proteins of the Trx system to protect midgut epithelial cells against 
reactive oxygen/nitrogen species (ROS/RNS) associated with Plasmodium 
berghei infection. However, this mosquito vector-parasite combination is 
not natural and may not necessarily reflect human malaria transmission 
biology in the field. Despite its importance, a complete understanding 
of the Trx pathway at the molecular level is missing. We used an ex vivo 
assay to examine the Trx response pathway following midgut exposure 
to ROS/RNS by measuring both protein and transcript expression levels of 
Thioredoxin-1 (AgTrx-1) by western blot analysis and qRT-PCR, respectively. 
We observed that protein levels of AgTrx-1 increase in midgut epithelial 
cells exposed to increased concentrations of a ROS inducer, tert-Butyl 
hydroperoxide, and transcript levels of AgTrx-1 and other genes of the Trx 
system were also up-regulated. Since it has been shown that P. berghei 
induces midgut cell damage in An. stephensi and An. gambiae, we 
anticipated the observed Trx pathway gene up-regulation at 24 hours post-
infection with P. berghei. We then compared this spectrum of responses 
to oxidative stress in a more natural vector-parasite combination of An. 
gambiae-P. falciparum. Transcriptomics and proteomics profiles were 
consistent with cells undergoing extensive redox regulation. Since it is 
known that P. falciparum does not induce marked midgut destruction in 
An. gambiae, these data suggest that An. gambiae must regulate ROS/
RNS in response to an infected bloodmeal, that Trx system is crucial to 
this regulation, and that the cause of ROS/RNS is independent of midgut 
cell damage or apoptosis. We are now exploring approaches to perturb 
mosquito Trx regulation, which we predict will lead to unmanageable 
levels of ROS/RNS exposure to the parasite in the midgut, yet still allowing 
the mosquito to survive the dysregulation.

1353
A NOVEL SUPPLEMENT TO REDUCE PLASMODIUM DISEASE 
SEVERITY AND TRANSMISSION

Elizabeth Glennon1, Derrick Hicks1, Katayoon Dehesh1, Bryan 
Greenhouse2, Shirley Luckhart1

1University of California Davis, Davis, CA, United States, 2University of 
California San Francisco, San Francisco, CA, United States

Nearly half of the world’s population is at risk for malaria. Increased 
drug and insecticide resistance have demonstrated the need for novel 
methods of control, including treatments with dual therapeutic and 
transmission-blocking properties. We have established that a natural 
compound with roles metabolism and immunity in a wide variety 
of eukaryotes has significant therapeutic benefit in malaria. In our 
studies, oral supplementation of mice significantly reduced Plasmodium 
yoelii parasitemia and gametocytemia. Addition of the compound to 
Plasmodium falciparum-infected blood also reduced infection prevalence 
in exposed mosquitoes. Preliminary data indicate that this compound is 
perceived as a signal in the mosquito but not the parasite and thereby 
alters mosquito physiology to indirectly affect parasite development. 
Our data suggest that this natural compound affects the physiology of 
mammalian and mosquito hosts to reduce malaria parasite infection and 
transmission.

1354
MOSQUITOCIDAL PROPERTIES OF IGG AGAINST 
ESTABLISHED INSECTICIDE TARGETS IN THREE MOSQUITO 
DISEASE VECTORS

Jacob I. Meyers, Meg Gray, Brian D. Foy
Colorado State University, Fort Collins, CO, United States

Mosquito-borne diseases account for an estimated 1,434,000 deaths 
annually and 60,056,000 disability adjusted life years. The most successful 
strategy to control disease transmission is by targeting mosquito vectors 
through the use of chemical insecticides. As an alternative to chemical 
insecticides, we tested the effects of purified IgG against the extracellular 

domain of the glutamate-gated chloride channel (GluCl; the target of 
the insecticide ivermectin) on the survivorship of three mosquito disease 
vectors, Anopheles gambiae s.s., Aedes aegypti and Culex tarsalis. 
Anti-AgGluCl IgG mixed in a single blood meal significantly reduced the 
survivorship of An. gambiae (LC50=2.82mg/mL), as did serial blood feeds 
containing 1/10th of the LC50. Anti-AgGluCl IgG blood meals did not 
affect the survivorship of A. aegypti or C. tarsalis. However, injection of 
anti-AgGluCl IgG into the hemocoel equally reduced the survivorship of 
all three mosquitoes. Dot blot measurements of anti-AgGluCl IgG in the 
mosquito hemolymph following blood feeding revealed anti-AgGluCl IgG 
only in the hemolymph of An. gambiae, suggesting that anti-AgGluCl 
IgG sensitivity requires antibody diffusion across the midgut. To analyze 
anti-AgGluCl IgG’s mode of action, we fed An. gambiae blood meals 
containing both anti-AgGluCl IgG and ivermectin (IVM, GluCl agonist). 
Anti-AgGluCl IgG attenuated the mosquitocidal effects of IVM, suggesting 
that it acts as a GluCl antagonist. Our proof of concept showing the 
mosquitocidal properties of blood meals containing IgG against the target 
of IVM has prompted research into the mosquitocidal effects of IgGs 
against other insecticide targets. We have designed antibodies against the 
GABA-gated chloride channel (target of chlorinated cyclodienes) and the 
voltage-gated sodium channel (target of pyrethroids). Initial experiments 
suggest that blood meals containing IgGs against these insecticide targets 
also have mosquitocidal properties. Future studies will quantify the 
toxicity of these IgGs, both individually and in combination, as well as the 
mosquitocidal effects of blood meals taken directly from immunized cattle.

1355
IDENTIFYING SEMINAL PROTEINS THAT INDUCE 
REFRACTORY BEHAVIOR IN MATED AEDES AEGYPTI 
FEMALES

Susan M. Villarreal, Frank W. Avila, Mariana F. Wolfner, Laura C. 
Harrington
Cornell University, Ithaca, NY, United States

Mosquito mating biology has important consequences for vector-borne 
disease transmission and control. The transfer of male seminal fluid 
to female mosquitoes during mating initiates a suite of physiological 
and behavioral changes in the female. By understanding the molecules 
responsible for these changes in the mated female we can identify 
potential targets for novel control strategies of mosquitoes, such as the 
dengue vector Aedes aegypti. Injecting female Ae. aegypti with a 
homogenate of male seminal fluid proteins, extracted from the accessory 
gland tissue, causes the female to lay eggs sooner, lay more eggs, take 
more blood meals, become refractory to mating and live longer than 
virgin females. We narrowed the range of refractory-behavior-inducing 
candidates in Ae. aegypti to select proteins ranging from 6-30 kDa. 
We present this work, as well as our studies using RNAi to assess the 
functional significance of individual candidate proteins on female 
refractory behavior.

1356
THE ROLE OF THE MOSQUITO IMMUNE SYSTEM AND PFS47 
IN THE ADAPTATION OF PLASMODIUM FALCIPARUM TO 
DIFFERENT ANOPHELINE VECTORS

Alvaro Molina-Cruz
National Institutes of Health, Rockville, MD, United States

Plasmodium falciparum, the most fatal of the human malaria parasites, 
originated in Africa. It was dispersed relatively recently to other continents 
by humans, where it encountered diverse anopheline mosquito species. 
In order to obtain evidence of natural selection during the adaptation of 
P. falciparum to different vectors, we studied the compatibility between 
major malaria vectors from Africa (Anopheles gambiae), Southeast Asia 
(A. dirus) and the Americas (A. albimanus) with P. falciparum isolates 
collected in those regions. P. falciparum isolates from a given geographic 
region presented higher compatibility (i.e. higher infection intensity and 
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prevalence) with the anopheline of the same region, suggesting that 
P. falciparum underwent natural selection while adapting to different 
vectors. We tested the role that the mosquito immune system and the 
parasite gene Pfs47 may have had in the adaptation of P. falciparum to 
evolutionary distant anophelines. Disruption of the mosquito complement-
like system by RNAi rescued infections in less compatible anopheline-
parasite combinations. We have shown previously that P. falciparum can 
evade the complement-like system of some anophelines through its Pfs47 
gene, which shows signatures of positive selection and a strong continent-
level geographic population structure. Replacement of the Pfs47 haplotype 
in an African P. falciparum line with Pfs47 haplotypes that are frequent 
in other geographic regions was sufficient to change the compatibility of 
P. falciparum to evolutionarily diverse anopheline vectors by allowing the 
parasite to evade the mosquito complement-like system. The mosquito 
immune system appears to have been an important barrier for adaptation 
of P. falciparum to different anopheline species through selection of 
Pfs47, and this may have influenced the parasite’s population structure 
and malaria epidemiology.

1357
DNA BARCODING OF ANOPHELINE MOSQUITOES FROM 
REMOTE MALARIA-ENDEMIC AREAS IN LORETO, NORTHERN 
PERUVIAN AMAZON 

Yvonne-Marie Linton1, Fanny Castro-Llanos2, Marisa Lozano2, 
Victor Lopez-Sifuentes2, Karin Escobedo-Vargas2, Carmen Flores-
Mendoza2, Edson Maguiña2, Juan F. Sanchez2, Craig Stoops2, 
Frederick M. Stell3, Andrés G. Lescano2, Gissella M. Vásquez2

1Walter Reed Biosystematics Unit, Suitland, MD, United States, 2U.S. 
Naval Medical Research Unit - 6, Callao 2, Peru, 3Armed Forces Pest 
Management Board, Silver Spring, MD, United States

Loreto is the most affected malaria endemic region in Peru; yet studies 
characterizing Anopheles species in high incidence areas are limited. 
Thus, we collected anophelines in the highest malaria risk areas in Loreto 
from February-May 2014. Anopheles darlingi was the most abundant 
species (1,649 adults; 95%) in nine communities surveyed in eastern 
Loreto; yet it was completely absent in seven communities in western 
Loreto where An. benarrochi was the most abundant species (224 
adults; 96%). To further confirm our taxonomical identification results, 
we compared the morphological identification of a subset of specimens 
with their differentiation based on mtDNA cytochrome C oxidase I (COI) 
barcode. We analyzed 222 specimens from eastern Loreto comprising 
5 species (An. darlingi, An. nr. forattinii, An. mattogrossensis, An. 
nuneztovari, An. oswaldoi s.l.) and unidentified Anopheles; and 
58 specimens from western Loreto identified as An. benarrochi. COI 
sequences were compared with expertly identified specimens in the 
Mosquito Barcoding Initiative databank (Barcode of Life Database). Almost 
all An. darlingi specimens (99%) were molecularly verified; only one 
specimen was identified as An. dunhami. All An. nr. forattinii were 
confirmed as An. forattinii; An. mattogrossensis specimens were 
identified as An. mattogrossensis 1 (20%) and An. mattogrossensis 2 
(80%). Anopheles nuneztovari and An. oswaldoi s.l. were all identified 
as An. dunhami except for one An. oswaldoi s.l. specimen identified as 
An. sp. nr. konderi. Unidentified Anopheles specimens (45) comprised 
An. darlingi (71%), An. dunhami (11%), An. forattinii (11%), An. 
mattogrossensis 2 (4%) and An. mattogrossensis 1 (2%). All An. 
benarrochi were identified as An. benarrochi B. We report two new 
country records for Anopheles in Peru: An. mattogrossensis 1 and 
An. mattogrossensis 2. Our results corroborate that An. darlingi is the 
dominant anopheline species and primary malaria vector in eastern Loreto, 
yet not found in western Loreto where An. benarrochi B is dominant. 
COI-based DNA barcoding proved useful in verifying and discovering 
anopheline species in the Peruvian Amazon.

1358
SILENCING OF XANTHINE DEHYDROGENASE (XDH1) 
SEVERALLY AFFECTS THE SURVIVAL OF BLOOD-FED AEDES 
AEGYPTI MOSQUITOES

Natthida Petchampai1, Jun Isoe2, Yurika Isoe2, Katrina Co1, Patricia 
Y. Scaraffia1

1Tulane Unversity, New Orleans, LA, United States, 2University of Arizona, 
Tucson, AZ, United States

Xanthine dehydrogenase (XDH) is involved in uric acid synthesis in 
mosquitoes. This nitrogen compound serves as a depot for excess 
ammonia produced during the digestion of blood meal. Uric acid can 
be excreted directly or metabolized to allantoin, allantoic acid and 
urea through an amphibian-like uricolytic pathway. Surprisingly, we 
have recently observed that mosquitoes with alanine aminotransferase 
deficiency increase XDH1 transcript levels in mosquito tissues, and store 
provisionally high uric acid concentrations in the midgut as a strategy 
for survival. To better understand this metabolic regulation, we began to 
explore the effect of XDH disruption in A. aegypti. Two genes encoding 
XDH (XDH1 and XDH2) are present in the genome of A. aegypti. We 
analyzed XDH1 and XDH2 gene and protein expression by qRT-PCR and 
western blotting analysis in tissues from sugar- and blood-fed females. A 
differential XDH1 and XDH2 gene and protein expression was observed in 
mosquito tissues dissected during a time course. Next, we exposed females 
to blood meals supplemented with high doses of allopurinol. The effect of 
injecting dsRNA against XDH1 or XDH2 was also evaluated. The disruption 
of XDH by high allopurinol concentrations, as well as the silencing of 
XDH1 by RNAi caused a high mortality in A. aegyti. However, no mortality 
was registered in those blood-fed mosquitoes injected with dsRNA against 
XDH2 when compared with dsRNA-firefly luciferase-injected control. 
Surviving mosquitoes treated with allopurinol or injected with dsRNA-
XDH1 showed a significant disruption in blood digestion, excretion and 
reproduction. Western blotting analysis indicated that surviving dsRNA-
XDH1-injected mosquitoes showed a persistence of the major serine 
proteases in the midgut at 48 h after blood feeding and a significantly 
reduction in the uptake of vitellogenin by the ovaries of females with 
XDH1 deficiency. These data demonstrate that XDH1 plays a critical role 
during blood meal digestion and that nitrogen metabolism in blood-fed 
mosquitoes is much more complex than previously thought.

1359
AUTOPHAGY AS A FACTOR FOR DENGUE INFECTION IN THE 
VECTOR MOSQUITO, AEDES AEGYPTI

Matthew W. Eng, David W. Severson
University of Notre Dame, Notre Dame, IN, United States

The Aedes aegypti mosquito is the primary vector for transmitting 
dengue virus (DENV). DENV causes dengue fever, resulting in over 500,000 
hospitalizations people worldwide annually. Programmed cell death (PCD) 
is often induced in virus-infected cells to limit infection in the host. In Ae. 
aegypti, PCD is activated by an initiator caspase, Dronc, which cleaves 
and activates other caspases including Casps7, responsible for activation 
of targets further downstream. However, our previous study found that 
upon knockdown of Dronc, DENV-refractory females showed decreased 
disseminated infection, and in those mosquitoes infected, lower titers 
of DENV-2. Further analysis revealed that Dronc also has a novel role in 
controlling a cellular recycling process, known as autophagy. During this 
process, the autophagy-related protein 8 (ATG8) is lipidated to double-
membrane vesicles, known as autophagosomes. These vesicles surround 
cellular cargo and then fuse with lysosomes to degrade any contents. 
Using western blot analysis, we observed upregulation and lipidation of 
ATG8 following a blood meal, not only in fat body as previously shown, 
but also in midgut tissue. DENV must infect the midgut epithelium to 
become transmissible. Silencing Dronc and Casps7, resulted in decreased 
activation and lipidation of ATG8, suggesting that these caspases can 
control autophagy. Furthermore, to determine whether autophagy was 
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crucial to DENV-2 infection, we silenced several ATG genes involved in 
initiation and progression of autophagy. Preliminary silencing showed 
decreased levels of DENV genomic RNA detectable by qPCR, suggesting 
autophagy may influence DENV-2 infection. We also begin evaluation of 
the potential for this pathway to be targeted by chemical inhibition in 
order to inhibit DENV infection of the vector host.

1360
PROTEOMIC ANALYSIS OF MOSQUITO BLOOD CELLS 
REVEALS DISTINCT PHAGOCYTIC HEMOCYTE PROFILES 
AND IMMUNE ACTIVATION IN THE ABSENCE OF PARASITE 
CHALLENGE

Ryan C. Smith1, Jonas G. King1, Dingyin Tao1, Oana A. Temescu2, 
Clara Brando1, Gerhard Thallinger2, Rhoel R. Dinglasan1

1Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States, 2Graz University of Technology, Graz, Austria

Insect blood cells (or hemocytes) are essential components of the innate 
immune response. Implicated in both cellular and humoral responses, 
hemocytes mediate pathogen clearance by phagocytosis or encapsulation 
and are responsible for the production of soluble immune factors. In 
addition, recent evidence suggests that hemocytes play critical roles in 
malaria parasite survival. However, despite their importance, critical aspects 
of their biology in mosquitoes remain uncharacterized. Using a novel 
method of enrichment, we isolated the phagocytic subset of hemocytes 
known as granulocytes (phagocytes) in the African malaria vector, 
Anopheles gambiae, and quantified their proteomic profiles during 
homeostasis, blood-feeding, and following malaria parasite challenge. 
Integrating existing hemocyte transcriptional profiles, we demonstrate 
a high degree of similarity between our proteomic data and provide 
new information regarding hemocyte gene regulation. We observe that 
phagocytosis, blood-feeding, and Plasmodium falciparum infection 
promote dramatic shifts in phagocytic granulocyte protein expression 
indicative of changes in feeding status, cellular proliferation, and innate 
immune response priming. Of interest, we identified large numbers of 
hemocyte immune proteins induced in response to blood feeding alone, 
suggesting that these phagocytic blood cells may play an integral role 
in immune priming prior to pathogen challenge. Current experiments 
aim to address the role of candidate genes in blood cell proliferation/
differentiation and Plasmodium development using dsRNA-mediated 
silencing. Together, these data provide a rich resource for hemocyte 
biology in An. gambiae and provide new insight into their biological roles 
that will serve as a foundation for their future study.

1361
DISSECTING THE ROLE OF MALE ACCESSORY GLAND 
TRANSCRIPTION FACTORS IN SHAPING THE REPRODUCTIVE 
SUCCESS OF ANOPHELES GAMBIAE

Enzo Mameli1, Paolo Gabrieli2, Adam South3, Matthew J. Peirce1, 
Flaminia Catteruccia3

1University of Perugia, Perugia, Italy, 2University of Pavia, Pavia, Italy, 
3Harvard T.H. Chan School of Public Health, Boston, MA, United States

In the fight against malaria, control strategies aimed at inducing sexual 
sterility in Anopheles populations are an attractive alternative to the use 
of insecticides due to evolution of resistance in mosquitoes. However, 
the development of these strategies is hampered by a profound lack of 
knowledge regarding many elements of Anopheles mating ecology. 
During mating in An. gambiae, males synthesize a gelatinous, rod-shaped 
mating plug in their reproductive accessory glands (MAGs) that contains 
a complex cocktail of seminal fluid proteins, steroid hormones and lipids. 
Female receipt of this plug induces a suite of physiological and behavioral 
changes including increased oogenesis, stimulation of oviposition and 
refractoriness to further mating attempts. While our lab group has recently 
demonstrated that these changes are mediated in part by the steroid 

hormone 20-hydroxyecdysone, the role of additional ejaculate components 
in activating this female post mating response (PMR) remains largely 
unknown. Here we present evidence suggesting that highly expressed 
MAG transcription factors (TF) are a critical part of female PMR. Given 
their regulatory role in the complex protein expression network of MAGs, 
the targeting of TFs allows for a simplified identification of candidate 
genes critical for An. gambiae reproductive success. To determine the role 
these TFs play, we targeted them in males via RNAi mediated knockdown, 
and looked for post mating reproductive phenotypes in mated females. 
Compared to their counterparts mated to controls, females mated to 
TF knockdown males experienced a significant increase in egg infertility. 
Interestingly, this increase in infertility did not emerge until the second 
gonotrophic cycle, suggesting a possible time dependent impairment 
of sperm activation/storage mechanisms due to TF mediated alterations 
of male ejaculate components. Further characterization of this striking 
phenotype through transcriptional and morphological analyses is ongoing. 
This work represents a first step into identifying additional ejaculate 
components underlying the reproductive fitness of a major disease vector.

1362
HEMOLYSIN GENE EXPRESSION UNDER VARIABLE IRON 
REGIMES OF ELIZABETHKINGIA ANOPHELIS, A COMMENSAL 
BACTERIUM OF THE ANOPHELES MIDGUT

Shicheng Chen, Edward D. Walker
Michigan State University, East Lansing, MI, United States

Elizabethkingia anophelis predominates in the bacterial community 
in the Anopheles mosquito midgut and its presence may influence 
important mosquito physiological processes. Owing to hemolytic activity, 
E. anophelis may participate in erythrocytic lysis in in the mosquito 
midgut. The highly variable mosquito midgut conditions, particularly 
extreme fluxes in iron concentration and temperature before and after a 
blood meal, require that E. anophelis withstand stresses and efficiently 
regulate gene expression. However, iron uptake mechanisms such as sense 
and scavenge iron processes in this species and other related bacteria in 
the phylum Bacteroidetes are poorly known. Therefore, we investigated 
responses of E. anophelis responses to environmental iron status and 
explored the molecular mechanisms that these bacteria utilize to cope 
with iron alternation using high throughput, deep sequencing of mRNA 
transcripts (RNAseq). The differential regulated genes under low and high 
iron were analyzed and compared. A sensitive reporter analysis based 
on NanoLuc was utilized for studying representative gene regulation 
(such as hemolysins). Expression of hemolysin genes was significantly 
repressed when E. anophelis was grown under the iron-replete and high 
temperature (37 degrees C). E. anophelis cells increased more than three-
fold in blood-fed mosquito than those in sucrose-fed ones. Furthermore, 
the hemolysin gene expression was down-regulated by the blood meal, 
indicating that it was actively involved in erythrocyte lysis in vivo. Our 
results provide new insights into how E. anophelis responds and adapts 
to the midgut environment and reveals new functions impacting its 
mosquito host.
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1363
GENES ASSOCIATED WITH REFRACTORINESS OR 
SUSCEPTIBILITY TO DENGUE-2 VIRUS INFECTION IN 
AEDES AEGYPTI FROM COLOMBIA, USING COMPARATIVE 
MICROARRAY-BASED ANALYSIS

Paola A. Caicedo Burbano1, Carl Lowenberger2, George 
Dimopoulos3, Idalba M. Serrato1, Yenifer Orobio1, Neal Alexander1, 
Clara B. Ocampo1

1Centro Internacional de Entrenamiento e Investigaciones Médicas-CIDIEM, 
Cali, Colombia, 2Simon Fraser University, Vancouver, BC, Canada, 3Johns 
Hopkins University, Baltimore, MD, United States

In recent years there has been considerable progress in our knowledge of 
dengue, particularly in vaccine development, the characterization of the 
immune responses and molecular properties of the virus. However, there 
are still many aspects that must be investigated in terms of its transmission 
by the principal vector, Aedes aegypti. We have elucidates Dengue 
virus-vector relationships, specifically the innate immune response of A. 
aegypti to dengue virus infection. For this, we identified and selected two 
strains of A. aegypti, from Cali, Colombia with different susceptibility to 
dengue infection: Susceptible (Cali-S, 96%) and refractory with midgut 
infection barrier (Cali-MIB, 50%).We used micro arrays to compare 
the global gene expression of the midguts of Cali-S and Cali-MIB after 
ingestion of sugar, a bloodmeal, or a bloodmeal containing Dengue-2 
virus. A total expression of 3761 genes were observed. A differential 
expression between the two strains exposed to DENv-2 included genes 
in different functional groups: immunity, metabolism, proteolysis, redox, 
replication, transport, and unknown function. We have selected 12 genes 
to evaluate their differential expression at different time points (0, 8, 24, 
36 and 48h) by qPCR. The qPCR analysis confirmed the predominance 
of down regulated genes in Cali-MIB in comparison with Cali-S strain, 
observed in the microarray at 30 hours post infection (h.p.i). However, 
early in the infection (at 0, 8 and 24 h.p.i), several of this genes were up 
regulated suggesting an early response to eliminate the virus in refractory 
strain. Finally, we used RNAi assays to evaluated the role of 4 genes from 
12 selected before (Gram Negative Binding Protein-GNBP (AAEL009176), 
Niemann-Pick Type C-2 (AAEL015136), Galectin (AAEL009842) and 
Cathepsin-b (AAEL007585)) in DENv infection. We observed that the 
silencing of down regulated genes, GNBP, Cathepsin-b and Galectin, 
changed the phenotype of Cali-S strain from 96% to 8, 20 and 12% 
respectively. The up regulated gene, Niemann, changed the phenotype of 
Cali-BIM strain from 50% to 18%. This study validate the use of our field 
derived strains as a biological model.

1364
TARGETED DELIVERY OF MOLECULAR CARGO INTO THE 
MOSQUITO GERMLINE

Duverney Chaverra-Rodriguez1, Grant L. Hughes2, Yasutsugu 
Suzuki1, David Peterson1, Jason L. Rasgon1

1Pennsylvania State University, University Park, PA, United States, 
2University of Texas Medical Branch, Galveston, TX, United States

Genetic manipulation is a powerful technique for addressing research 
questions in arthropods of medical importance. Current approaches 
rely upon delivering DNA or endonucleases to preblastoderm embryos 
via embryonic microinjection. However, embryonic microinjection is 
technically challenging, is limited to a small number of arthropod taxa, 
and is inefficient even in optimized species. As such, there is a critical need 
to develop methods for arthropod genetic manipulation that are simple, 
accessible for many researchers and generally compatible for a large 
variety of arthropod species. During oogenesis, insects transfer molecules 
to developing oocytes by receptor-mediated endocytosis (RME). We are 
developing tools exploiting this phenomenon to specifically target DNA 
and protein cargo into the mosquito germline for heritable modification of 

the chromosomal genetic sequence. We will discuss progress in optimizing 
this technique and in transferring the technology to multiple mosquito 
species.

1365
STIMULATION OF A SERINE PROTEASE TARGETING 
THE LRIM1/APL1C COMPLEX REVEALS SPECIFICITY IN 
COMPLEMENT-LIKE PATHWAY ACTIVATION IN ANOPHELES 
GAMBIAE

Michael Povelones1, Katie V. Farrant2, George K. Christophides2

1University of Pennsylvania School of Veterinary Medicine, Philadelphia, PA, 
United States, 2Imperial College London, London, United Kingdom

The complement-like pathway of the African malaria mosquito Anopheles 
gambiae provides protection against infection by diverse pathogens 
including bacteria, fungi, and rodent and human malaria parasites. 
Detailed analysis of complement activation in response to the Gram-
negative bacterium Escherichia coli and Plasmodium showed that 
activation of the complement-like pathway is triggered by protein complex 
containing TEP1cut, a processed form of the C3-like protein TEP1, and the 
leucine-rich repeat proteins LRIM1 and APL1C. Binding of TEP1cut results 
in the activation of a TEP1 convertase through the recruitment of a non-
catalytic serine protease SPCLIP1. It is unknown how other pathogens are 
recognized by the mosquito’s immune responses and if activation of the 
TEP1 convertase is a general requirement for eliminating all infections. In 
this study, biochemical and functional assays were performed to analyze 
the complement-like pathway responses to the Gram-positive bacterium 
Staphyloccocus aureus. Western blot analysis revealed that like E. coli, S. 
aureus also activates the TEP1 convertase. However, striking differences in 
the initial immune reactions promoted by the different Gram type bacteria 
were observed. In particular, it was found that E. coli specifically activates 
a protease that cleaves the C-terminus of APL1C. This study shows initial 
pathogen-specific reactions in the mosquito complement-like pathway. 
These unique responses converge on the same core mechanism involving 
the TEP1 convertase triggering pathogen neutralization.

1366
EVALUATION OF INNATE IMMUNE RESPONSE MECHANISMS 
ASSOCIATED WITH SUSCEPTIBILITY TO DENGUE VIRUS IN 
DIFFERENT FIELD POPULATIONS OF AEDES AEGYPTI

Idalba M. Serrato1, Paola A. Caicedo burbano1, Yenifer Orobio1, 
Carl Lowenberger2, Clara B. Ocampo1

1CIDEIM, Cali, Colombia, 2Simon Fraser University, Vancouver, BC, Canada

Dengue is an infectious viral disease transmitted by mosquito vectors, 
for which there is no available vaccine or specific medical treatment. The 
main vector of dengue virus (vD) is Aedes aegypti, a mosquito species 
extremely well adapted to the human urban environment. The ability of 
Ae. aegypti populations to become infected and transmit the virus (vector 
competence-VC) varies among populations and depends on genetic and 
environmental characteristics. Understanding the genetic basis of VC may 
help to identify potential targets and strategies to inhibit virus replication 
and transmission. Preliminary studies on differential expression in D-2 
selected strains from field collected individuals in Cali, susceptible (Cali-S) 
and refractory (Cali-MIB), suggest that immune response genes associated 
with apoptosis play a role in the virus replication. This study evaluated 
if VC of the select strains is similar compared to the other serotypes. 
And assessed if the molecular mechanisms identified in select strains 
are a characteristic of field populations. The VC of the selected strains 
compared to the 4 virus serotypes was measured by artificial infection and 
immunofluorescence. The VC of Ae. aegypti collected from 6 locations in 
Cali was measured to D-2. Populations with different VC were selected to 
evaluate the expression by qPCR of Dronc, Caspase-16, Cathepsin-B and 
Niemann genes at 0, 24, 36, 48h post-infection. No statistically significant 
differences in the VC of the selected strains against the four serotypes 
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were observed. The mosquitoes collected in Cali showed differences on VC 
. Differential expression of the evaluated genes were observed among the 
evaluated times. The most refractory strain showed significant differences 
in gene expression between the treatments blood Vs blood +virus 
especially in Caspase -16.

1367
BASELINE SUSCEPTIBILITY OF LUTZOMYIA VERRUCARUM 
COLLECTED IN ANCASH, PERU TO THREE CLASSES OF 
INSECTICIDES BY CDC BOTTLE BIOASSAY

Carmen Flores-Mendoza1, Nelson Solorzano2, Gissella Vasquez1, 
Craig Stoops1, Frederick Stell1
1U.S. Naval Medical Research Unit - 6, Lima, Peru, 2Universidad San Pedro, 
Ancash, Peru

Lutzomyia verrucarum is a vector of cutaneous leishmaniasis and 
bartonellosis in the Peruvian Andes. Since no effective vaccines exist for 
either disease, reduction of the burden of these diseases is accomplished 
through sand fly vector control using insecticides applied by thermal 
fog or Indoor Residual Spraying; however, there is no knowledge of 
susceptibility of sand flies, including Lu. verrucarum, to commonly-used 
insecticides in Peru. The objective of this study was to determine the 
baseline susceptibility of Lu. verrucarum to three classes of insecticides 
using the CDC bottle bioassay method. Sand flies were manually collected 
with mouth aspirators in resting sites in Huichi and Choquechaca (Caraz, 
Peru) where bartonellosis and cutaneous leishmaniasis are endemic. Field-
collected Lu. verrucarum adults were transferred live to the insectary; 
blood meals were provided to unengorged females using membrane 
feeding. Wild and artificially fed, blood-engorged females were individually 
placed into oviposition containers to obtain F1 progeny. Unfed, 3-5 day-
old F1 and wild adult females were assayed with these three classes of 
technical-grade insecticides diluted in 100% ethanol: two pyrethroids, one 
organophosphate, and one organochlorine. On average, 23 females/bottle 
were tested and a minimum of three replicates/insecticide were performed. 
Diagnostic dosages (µg) standardized for Aedes aegypti by CDC (2010) 
were adapted for sand flies. Mortality was 99% for wild females from 
Huichi for deltamethrin (10 µg/40 min), permethrin (15 µg/30 min), 
fenitrothion (50 µg/40 min), and DDT (75 µg/30 min). For wild and F1 
females from Choquechaca, mortality was 99% percent for deltamethrin 
(10 µg/30 min), permethrin (15 µg/30 min), fenitrothion (50 µg/40 
min), and DDT (75 µg/30 min). Sand flies from both field sites in were 
susceptible to the three classes of insecticides tested, information which 
is critical to establish baseline insecticide susceptibility for management 
of Lu. verrucarum in this region. Our results show that the CDC bottle 
bioassay is a useful method to establish baseline insecticide susceptibility in 
sand flies in Peru

1368
EFFECT OF SPATIAL REPELLENTS ON DENGUE VECTOR 
ATTRACTANCY BEHAVIOR

Diane B. Choi, Nicole L. Achee, John P. Grieco
University of Notre Dame, Notre Dame, IN, United States

The Aedes aegypti mosquito is considered to be the principal vector 
of Dengue virus (DENV), which causes dengue fever, an arthropod-
borne disease of global burden with incidence growing to estimates of 
approximately 50-100 million infections worldwide annually. Similarly, 
the expansion of Aedes albopictus has increased the risk of both DENV 
and Chikungunya transmission in temperate zones. Although efforts 
are underway for development of a DENV vaccine, current prevention 
relies on vector control through use of indoor and outdoor application 
of insecticides, specifically pyrethroids, through fogging and/or spray 
applications. However, pyrethroids that are characterized as spatial 
repellents – those that are highly volatile at ambient temperatures – have 
received interest as a novel delivery system for adult vector control. 
Understanding the behavioral effects these volatile pyrethroids have on 

target mosquito species will be critical to understanding the overall impact 
on vector populations and therefore expectations of efficacy against 
DENV transmission. This includes attraction to oviposition sites, which 
will influence next generation population densities. A significant decrease 
in Aedes spp. attractancy to potential oviposition sites after repellent 
exposure would indicate that there is considerable probability of impacting 
the overall vector population, human-mosquito contact and DENV 
transmission over time. This study quantified baseline levels of gravid 
Ae. aegypti and Ae. albopictus attractancy to oviposition containers in 
the laboratory using a ‘sticky-screen’ bioassay and established bacterial 
infusions, then repeated experiments following exposure of test cohorts to 
the volatile pyrethroid transfluthrin – a chemical widely used in mosquito 
coils and other household control products. Findings from this study 
will be used to begin defining implications of using spatial repellents for 
broader vector population effects.

1369
QUANTIFYING LLIN BIOEFFICACY: CAN COLORIMETRIC FIELD 
TEST (CFT) REPLACE THE WHO CONE BIOASSAY TEST?

Judith Hedje1, Sanjiarizaha Randriamaherijaona2, Sebastien 
Boyer2, Annett H. Cotte1, Sixte Zigirumugabe3, Mike Green1, Ray 
Beach1

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
2Institut Pasteur Madagascar, Antananarivo, Madagascar, 3United States 
Agency for International Development, Antananarivo, Madagascar

Under normal use, long-lasting insecticidal (mosquito) nets (LLIN) are 
expected to last up to three to five years. This is now recognized as 
an estimate since significant variation in durability has been observed. 
Programs implementing LLIN interventions are encouraged to conduct 
field monitoring of indicators such as LLIN survival, LLIN fabric integrity 
and LLIN insecticidal activity or bio-efficacy, to assess the actual rate of 
LLIN durability following distribution and use. World Health Organization 
(WHO) guidance recommends the use of a bioassay, the WHO cone 
test, to monitor bio-efficacy of the insecticide on LLINs. However, cone 
test accuracy depends on the capacity to routinely produce a high 
number of physiologically-uniform and insecticide-susceptible female 
mosquitoes, a challenging task. A non-mosquito alternative for measuring 
insecticide levels on the surface of a net is desirable. One possibility is 
the Colorimetric Field Test (CFT), a chemical method to estimate surface 
concentration of deltamethrin insecticide on LLINs. We used the CFT on 
21 LLINs collected from the field in Madagascar, and compared results 
with standard cone test outcomes (five cone test positions / LLIN tested). 
By comparing classical bioassay and CFT results, we determined that CFT 
can distinguish between a LLIN with ‘acceptable bio-efficacy’ based on 
cone test criteria (mosquito mortality > 80%) and a LLIN scored as ‘not 
acceptable’ (mortality <80%). Using a CFT cut off value of 0.35 µg / 
sample (equivalent to 14% of deltamethrin content of a new net with a 
concentration of 55 mg/m2) we were able to correctly predict the WHO 
cone test results for 20/21 LLINs included in the comparison. Test accuracy 
was evaluated using Receiver Operating Characteristic (ROC) curve 
analysis. The area under the ROC curve was 0.954 and assay sensitivity 
and specificity were 0.92 and 1.00 respectively, indicating the CFT to be 
an excellent predictor of LLIN insecticidal content. We believe that the CFT 
is an easier and more economical option for programs seeking to monitor 
LLIN insecticidal activity loss as it allows for a larger number of nets to be 
tested using lower testing costs.



419

astmh.org

1370
INDOOR RESIDUAL SPRAYING (IRS) OF CLOTHIANIDIN 
IN COMBINATION WITH DELTAMETHRIN OR ALONE FOR 
THE CONTROL OF PYRETHROID-RESISTANT ANOPHELES 
GAMBIAE IN EXPERIMENTAL HUTS IN BENIN AND CÔTE 
D’IVOIRE

Raphael N’Guessan1, Augustin Fongnikin2, Ludovic Ahoua Alou3, 
Corine Ngufor1, Karin Horn4, Mark Rowland1, Alphonsine A. Koffi3

1Disease Control Department, London School of Hygiene & Tropical 
Medicine, London, United Kingdom, 2Centre de Recherche Entomologique 
de Cotonou, Cotonou, Benin, 3Institut Pierre Richet, Bouake, Côte D’Ivoire, 
4Bayer CropScience AG, Monheim, Germany

One way to manage pyrethroid resistance in malaria vectors is to combine 
insecticides with unrelated modes of action so that insects resistant to 
one insecticide will succumb to the other. For IRS, identifying residual 
insecticides that can cover long transmission seasons from a single 
application is a research priority. The neonicotinoid, clothianidin represents 
a class of chemistry new to public health. IRS with Clothianidin alone or in 
a mixture with deltamethrin was evaluated in experimental huts in Benin 
and Côte d’Ivoire where Anopheles gambiae populations are resistant 
to pyrethroids. Monthly bioassays were carried out on substrates of mud, 
cement and plywood. On top of immediate mortality, clothianidin induced 
delayed mortality of An. gambiae; taking up to 120 hours to show full 
effect. Mortality among mosquitoes entering huts in Benin was 37% after 
24h but reached 91% after 120h. Clothianidin applied alone or in mixture 
with deltamethrin gave high mortality (>80%) of resistant An. gambiae 
for ~9 months in cement and mud huts in Benin but produced marginal 
control (<40%) of pyrethroid-resistant An. gambiae in Côte d’Ivoire. In 
both areas, deltamethrin alone failed to achieve control of Anopheles 
mosquitoes entering the huts. Cone bioassays showed improved residual 
activity of the mixture over either insecticide applied alone in Côte 
d’Ivoire: the mixture killed >95% of both susceptible and resistant An. 
gambiae over 10 months whereas a drop below the WHO threshold 
(80% mortality) was observed just 2 months post spray with the single 
components. The differences between cone assay and hut observations 
will be subject for further investigation. Clothianidin shows promise as a 
new mode of action for malaria vector control when delayed mortality 
effects are taken into account. A mixture of clothianidin with deltamethrin 
showed very good activity in standard WHO Cone bioassays independent 
of any delayed mortality effects. The introduction of this new mode of 
action could be a timely addition to the limited portfolio of IRS insecticides.

1371
THE EFFICACY OF CHLORFENAPYR, DELIVERED AS A LONG-
LASTING INDOOR RESIDUAL SPRAY, AGAINST PYRETHROID-
RESISTANT ANOPHELES ARABIENSIS IN NORTHERN 
TANZANIA

Matthew J. Kirby1, Jovin Kitau2, Chacha Mataro2, Franklin 
Mosha2, Mark Rowland1

1London School of Hygiene & Tropical Medicine, London, United Kingdom, 
2Kilimanjaro Christian Medical University College, Moshi, United Republic 
of Tanzania

There is an urgent need for insecticides with novel properties and modes 
of action to combat pyrethroid-resistant mosquitoes. Additionally, there 
is a serious shortage of insecticides for indoor residual spraying that have 
a duration of effective action of 6 months or greater. Chlorfenapyr (CFP) 
is a pyrrole insecticide, which unlike neurotoxic pyrethroids, has a distinct 
mode of action targeting oxidative pathways in insect mitochondria 
and disrupting cellular respiration. Highly stable CFP formulations have 
been developed with an anticipated duration of efficacy of at least 6 
months. In a succession of experimental hut trials and complementary 
laboratory bioassays the duration of the bioefficacy of CFP was assessed 
on both concrete and plywood-treated surfaces, and contrasted with 

the performance of a commercial formulation of Alphacypermethrin. 
Whilst the hut trials are on-going, at 3 months the mortality of unfed 
An. arabiensis caught from the CFP-sprayed hut is >80% 72h post-
exposure, and in the laboratory the same level of mortality is observed 
after 6 months for several different CFP formulations. The results of the 
hut trials at 9 months will be presented and interpreted in the context of 
the distinctive house-entering, resting and exiting behaviour (and therefore 
insecticide exposure time) of An. arabiensis in the area.

1372
HIGH LEVELS OF ANOPHELES GAMBIAE S.L. RESISTANCE TO 
PYRETHROIDS, DDT AND MALATHION AND INDICATIONS 
OF REDUCED SUSCEPTIBILITY TO CARBAMATES IN OROMIA 
REGION - ETHIOPIA

Dereje Dengela1, Alemayehu Getachew Tesfaye2, Gedeon 
Yohannes Anshebo1, Lena Kolyada1, Christen Fornadel3, Kristen 
George3, Gunawardena Dissanayake4, Sheleme Chibsa4, Yemane 
Yeebiyo2

1Abt Associates Inc, Bethesda, MD, United States, 2Abt Associates Inc, 
Addis Ababa, Ethiopia, 3U.S. President’s Malaria Initiative, United States 
Agency for International Development, Arlington, VA, United States, 
4U.S. President’s Malaria Initiative, United States Agency for International 
Development, Addis Ababa, Ethiopia

The insecticide susceptibility status of Anopheles gambiae s.l. 
(presumably An. arabiensis, the major malaria vector in Ethiopia) was 
assessed in 8 in Oromia region where indoor residual spraying (IRS) 
operations are supported by the President’s Malaria Initiative. Mosquitoes 
were exposed to diagnostic dosages of DDT, deltamethrin, lambda-
cyhalothrin, permethrin, alpha-cypermethrin, etofenprox, fenitrothion, 
pirimiphos-methyl, malathion, bendiocarb and propoxur using the 
standard WHO tube tests. Tests were conducted on 2- to 3-day-old, 
non-blood fed, adult female mosquitoes reared from larvae and pupae 
collected from different breeding habitats. Based on the mortality counts 
after a 24-hour holding period, the vector population was classified as 
susceptible, possibly resistant or resistant to an insecticide following the 
WHO criteria. Resistance to DDT (3-16% mortality), deltamethrin (12-
51%), lambda-cyhalothrin (4.3-25.7%), permethrin (2.9-66%), alpha-
cypermethrin (5-61%), etofenprox (8.7-55%), and malathion (26-93.7%) 
was reported in all eight sites. The vector was susceptible to bendiocarb in 
7 of 8 sites and resistant in one site (mortality 87%). Propoxur resistance 
was also recorded in one site with a 75% mortality rate. The mortality 
rate to fenitrothion was 97% (possible resistance) in one site and ranged 
from 98 to 100% (susceptible) in the remaining sites. An. gambiae s.l. 
from all eight sites were susceptible to pirimiphos-methyl with a mortality 
rate of 100%. The findings of the study show that (1) the Ethiopian IRS 
program now has limited options of insecticides for public health use; (2) 
rational use of available insecticides and implementation of an appropriate 
insecticide resistance management strategy is critical; (3) a strong system 
for monitoring vector resistance to the insecticides in use should be part of 
the vector control program. The information generated from this study will 
contribute to the development of an insecticide management strategy and 
selection of alternative options for the Ethiopian IRS program. Overall, the 
study indicates that new insecticides are urgently needed for IRS.
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INCREASE LEVEL OF PYRETHROID AND DDT RESISTANCE IN 
THE MAJOR MALARIA VECTOR ANOPHELES FUNESTUS IN 
NORTHERN SENEGAL

Badara Samb1, Jacob M. Riveron2, Lassana Konate1, Ousmane 
Faye1, Charles S. Wondji2
1Laboratoire d’Ecologie Vectorielle et Parasitaire, Département de Biologie 
Animale, Université Cheikh Anta Diop de Dakar, Dakar, Senegal, 2Vector 
Biology Department, Liverpool School of Tropical Medicine, Liverpool, 
United Kingdom

Insecticide resistance in Anopheles funestus, one of the main malaria 
vectors, is threatening malaria control in Africa, notably in Senegal. 
Evaluation of the resistance profile and the mechanisms implicated are 
crucial to implement suitable resistance management strategies. Here, 
we explored the dynamic and evolution of insecticide resistance profile of 
Anopheles funestus populations in Northern Senegal and investigated 
the molecular basis of resistance observed. Insecticide susceptibility assays 
were carried out using 2-5 day old F1 adults generated from indoor-
collected blood-fed female of An. funestus from Northern Senegal 
in 2014 and compared to 2011 samples. WHO bioassays revealed an 
increased level of pyrethroid and DDT resistance in Anopheles funestus 
population in 2014 with mortality to permethrin and DDT of 68.75% and 
62% respectively compared to 91.19% and 83.36% in 2011. In addition, 
insecticide resistance was also observed to lambdacyhalothrin (89.82% 
mortality) and deltamethrin (88.23% mortality). However, this population 
remains fully susceptible to bendiocarb, dieldrin and malathion. Our 
results also show a reduced efficacy of the insecticide-treated bed net 
Permanet 2.0 (76%) on this An. funestus population whereas full efficacy 
was observed with Net Permanet 3.0, Olyset Net and Olyset Plus. The 
synergist assay with PBO suggests that while the cytochrome P450s genes 
have little involvement in DDT resistance they play the major role in the 
pyrethroid resistance, as a full recovery of susceptibility was observed after 
PBO pre-exposure. The increase level of pyrethroid and DDT resistance in 
Senegalese An. funestus populations represents a challenge to the control 
of this vector. However, the observed carbamate and organophosphate 
susceptibility offers alternative solutions for resistance management. 
Further molecular characterizations are on going to characterise the 
molecular mechanisms driving this increased resistance.

1374
EFFICACY OF A PYRIPROXYFEN-AUTODISSEMINATION 
STATION AGAINST AEDES ALBOPICTUS IN RESIDENTIAL 
AREAS

Devi Suman1, Yi Wang1, Kshitij Chandel1, Isik Unlu2, Gregory M. 
Williams3, Randy Gaugler1

1Rutgers University, New Brunswick, NJ, United States, 2Mercer County 
Mosquito Control, West Trenton, NJ, United States, 3Hudson County 
Mosquito Control, Secaucus, NJ, United States

The Asian tiger mosquito, Aedes albopictus, is an anthropophilic 
mosquito transmitting chikungunya and dengue. Suppression of Ae. 
albopictus populations is a challenge for mosquito control programs 
because immatures are found in numerous peridomestic artificial 
containers that are difficult to detect, access, and eliminate. Ae. 
albopictus uses cryptic habitats such as corrugated extension gutters, 
fence pots etc. as larval habitats, which are nearly invulnerable to 
penetrating by conventional pesticide spray. Our study was assessed the 
effectiveness of autodissemination stations to target the Ae. albopictus 
larval habitats in urban areas. This pull-and-push technology attracts 
gravid females to autodissemination stations, contaminates them with 
pyriproxyfen (juvenile hormone analogue), and disseminate the insect 
growth regulator to larval habitats using skip oviposition behavior. We 
assessed station efficacy in residential hot spots of Ae. albopictus. 
Four treatment and four control plots (~ 3 acres each site) with >5 adult 

mosquitoes per BGS trap (hot spot) were selected for seasonal efficacy 
of the stations. Autodissemination stations were deployed in treatment 
plots for 8-12 weeks. Population density of eggs, larvae and adults of Ae. 
albopictus in controls and treatment areas were compared to assess the 
effect. Pupal mortality in the field samples assessed with 3rd instar Ae. 
albopictus bioassay were considered as another efficacy parameter. The 
findings may be helpful to develop a better management approach against 
container inhabiting mosquitoes.

1375
SMARTPATCHES: EXPLOITING MOSQUITO BEHAVIOR TO 
BUILD A BETTER BED NET

Eleanore Sternberg, Matthew Thomas
Pennsylvania State University, University Park, PA, United States

When used correctly, bed nets can provide personal and community 
protection against Anopheles mosquitoes and consequently, against 
malaria. When nets fall short as a vector control tool, it can be attributed 
broadly to one of two issues: inequitable distribution due to cost of 
bed nets, and insecticide resistance in mosquitoes. To address these 
constraints, we have developed the SmartPatch. In its simplest form, the 
SmartPatch is a small piece of insecticide-treated fabric or netting that 
can be placed on top of an existing bed net. Because contact with host-
seeking Anopheles gambiae is focused on this region, the SmartPatch 
should maximize protective effects while minimizing treated area. Because 
of the size and placement of the patch, it is less expensive and could be 
replaced more frequently than a full long-lasting insecticidal net (LLIN). It is 
also relatively protected from daily contact and as a result, the SmartPatch 
could potentially be treated with a wider range of actives than currently 
available for use on bed nets. As a proof-of-concept test and to better 
understand the relationship between treated area and efficacy, we have 
tested pyrethroid-treated patches ranging in size from 31 x 61 cm2 to 
the entire top of a bed net. We carried out these tests under laboratory 
and semi-field conditions using susceptible An. gambiae and measuring 
mosquito knock down and blood feeding relative to an untreated control 
and a full LLIN. We find intermediate levels of protection associated with 
all patch sizes. We also find that protection does not scale linearly with 
covered area and thus, the effects of the patch area greater than might 
be expected based on treated area relative to total area of a bed net. To 
follow up on these experiments, we are using mathematical models to 
explore the relationship between bed net efficacy and coverage. The goal 
of these simulations is to determine what conditions might favor the use 
of less expensive, less effective bed nets. Lastly, we are conducting trials 
with insecticide-resistance mosquitoes and non-pyrethroid patches, to 
evaluate the SmartPatch as a resistance-breaking tool.

1376
REDUCED EFFICACY OF LONG-LASTING INSECTICIDAL NETS 
IN AREA WITH PYRETHROID-RESISTANCE POPULATIONS 
OF ANOPHELES GAMBIAE S.L IN NE TANZANIA: AN 
EXPERIMENTAL HUTS STUDY

Patrick K. Tungu
National Institute for Medical Research, Tanga, United Republic of 
Tanzania

The success of malaria vector control is threatened by widespread 
pyrethroid resistance. The extent to which insecticide resistance and 
underlining mechanisms impact the malaria vector insecticidal control 
is not clearly known. This study comparatively assessed the bio-efficacy 
of washed and unwashed PermaNet 2.0 long-lasting insecticidal nets 
(LLINs) against wild free flying pyrethroid-resistant Anopheles gambiae 
s.l. field populations in North Eastern Tanzania before and after 
development of insecticide resistance by the local vectors. Evaluation of 
the efficacy of PermaNet 2.0 LLINs was conducted in laboratory and in 
semi field (Experimental huts) following the standard WHOPES Protocol 
(WHO/CDS/NTD/WHOPES/GCDPP/2006.3). The evaluation criteria were 
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percentage mortality, blood feeding inhibition, exophily and deterrence 
effects. WHO method was used to detect resistance in wild Anopheles 
mosquitoes exposed to 0.05% deltamethrin. PCR based molecular 
diagnostics were used to identify mosquitoes to species and to detect 
kdr alleles. Anopheles mosquitoes were resistance to deltamethrin with 
mortality rate of 81.2% [95% CI: 76.8-84.9%]. Mortality rates induced 
by unwashed PermaNet 2.0 and PermaNet 2.0 washed 20x in this trial 
against An gambiae was 31%, 30% and 27% respectively. By contrast the 
mortality induced by unwashed and 20 washed PermaNet 2.0 nets against 
An gambiae in a trial conducted in this same area employing same huts 
when the vectors were fully susceptible to pyrethroids was 96% and 95% 
respectively. The reduced LLINs efficacy reported in this study indicates 
that resistance in Tanzania is capable of undermining the bio-efficacy of 
pyrethroid insecticide-based vector control interventions, especially LLINs. 
This emphasizes the need to identify alternative insecticides to replace or 
supplement pyrethroids also emphasizes the need for the development 
and implementation of effective and sustainable resistance management 
strategies.

1377
NEW MODE-OF-ACTION CHEMISTRIES FOR VECTOR 
CONTROL: SMALL MOLECULE INHIBITORS OF ARTHROPOD 
GPCRS

Catherine A. Hill1, Andrew B. Nuss1, Karin F. Ejendal1, Jason M. 
Meyer1, Jason M. Conley1, Monika Gulia-Nuss1, Tarsis Brust1, Trevor 
B. Doyle1, Larissa Avramova1, Sergey Savinov2, Val J. Watts1

1Purdue University, West Lafayette, IN, United States, 2University of 
Massachusetts, Amherst, Amherst, MA, United States

New, safer mode-of-action chemistries are needed to control the 
arthropod vectors of infectious diseases. Continued control is threatened 
by the emergence of insecticide resistant populations of vectors and no 
new public health pesticides have been developed in recent decades. The 
Purdue Invertebrate Receptor Group (PIRG) is a collaborative effort to 
develop novel chemistries as interventions for the control and elimination 
of arthropod-borne diseases. G protein-coupled receptors (GPCRs) 
represent promising targets for insecticide discovery because of their 
critical role in the neurological processes of arthropods. We are pursuing 
rational drug design to discover small molecule inhibitors of arthropod 
GPCRs for vector control. To date, multiple arthropod vector genomes 
have been mined to identify suitable candidate GPCR targets. Using 
high-throughput chemical library screening and hit-to-lead optimization, 
we have identified potent antagonists of the D1-like dopamine receptors 
(DARs) from the yellow fever mosquito, Aedes aegypti (AaDOP2), the 
malaria mosquito, Anopheles gambiae (AgDOP2), the northern house 
mosquito, Culex quinquefasciatus (CqDOP2) and the Lyme disease tick, 
Ixodes scapularis (IsDOP2). These chemistries exhibit greater than 100-
fold selectivity for mosquito and tick DARs versus orthologous human 
and honeybee receptors in vitro, and are highly toxic to mosquito larvae 
and adults in vivo. Transcriptome analyses suggest that these antagonists 
disrupt GPCR-mediate signaling processes and operate via modes-
of-action that are distinct from existing insecticides. Structure activity 
relationship studies are ongoing to explore multiple chemical scaffolds, 
develop a preliminary pharmacophore and identify leads for development. 
These studies demonstrate proof of concept for a target-based approach 
to deliver novel classes of vector-selective insecticides. Activities to expand 
the discovery pipeline via the development and incorporation of other 
GPCR targets from other species of arthropod vectors will be presented.

1378
MAPPING INSECTICIDE RESISTANCE IN MALARIA VECTORS: 
LATEST UPDATES FROM IR MAPPER®

Melinda P. Hadi1, Elijah O. Juma1, Helen Pates Jamet2

1Vestergaard Frandsen (EA) Ltd, Nairobi, Kenya, 2Vestergaard Frandsen Inc, 
Washington, DC, United States

The emerging and rapid spread of resistance to major classes of public 
health insecticides threatens current malaria vector control efforts. 
Deployment of the most appropriate tools must be informed by up-to-date 
data on insecticide resistance in target malaria vector species. Launched in 
2012, IR Mapper® (www.irmapper.com) is an online geospatial mapping 
platform built on a systematic review of peer reviewed, published literature 
to visualize insecticide resistance trends in Anopheles vectors. IR Mapper® 
utilizes an ArcGIS for JavaScript API platform and is updated monthly 
with newly published data from peer reviewed scientific publications 
on phenotypic (WHO susceptibility test and CDC bottle assay data) and 
resistance mechanisms (target site and overexpressed metabolic enzymes) 
data. Additional data meeting standard WHO or CDC test criteria from 
PMI, National Malaria Control Programmes, and other reputable sources 
are also included. The filter tools on IR Mapper® enable filtering by 
year, vector species, insecticide class, and resistance mechanisms. As of 
January 2015, IR Mapper® consisted of 9,433 unique field records from 
57 countries and 48 Anopheles species or species complexes. 81.5% 
of countries have reported resistance to at least one of the four classes 
of insecticides; 76.0% have reported testing of resistance mechanisms. 
Filtering by time period highlighted that three times more reports of 
insecticide resistance in Anopheles were reported between 2000 and 
2014 compared with the previous 45 years. IR Mapper® highlighted 
gaps in resistance monitoring, particularly in high burden countries like 
Democratic Republic of Congo and Nigeria. While insecticide resistance 
testing has increased in recent years, IR Mapper® is able to identify where 
data gaps on insecticide resistance exist in malaria vectors. IR Mapper® 
is a useful tool for visualizing temporal and spatial trends in Anopheles 
insecticide resistance and associated resistance mechanisms, and can 
be used to assist rational decision making on the deployment of vector 
control interventions and design of vector monitoring programs.

1379
SUSCEPTIBILITY OF ANOPHELES GAMBIAE SENSU LATO TO 
MALARIA CONTROL INSECTICIDES- RWANDA, 2011 AND 
2013

Emmanuel Hakizimana1, Corine Karema1, Dunia Munyakanage1, 
Eric Tongren2, John Githure3, Ray Beach4, Constantianus J. 
Koenraadt5, Willem Takken5, Jean Baptiste Mazarati6, Agnes 
Binagwaho7

1Malaria and Other Parasitic Diseases Division, Rwanda Biomedical 
Centre, Ministry of Health, Kigali, Rwanda, 2Centers for Disease Control 
and Prevention/U.S. President’s Malaria Initiative, Atlanta, GA, United 
States, 3Abt Associates Inc. Integrated Vector Management Project/U.S. 
President’s Malaria Initiative, Kigali, Rwanda, 4Division of Parasitic Diseases 
and Malaria/Centers for Disease Control and Prevention, Atlanta, GA, 
United States, 5Laboratory of Entomology, Wageningen University, 
Wageningen, Netherlands, 6National Reference Laboratory, Biomedical 
Services Department, RBC, Kigali, Rwanda, 7Ministry of Health Rwanda/
Harvard Medical School, Boston, MA, Kigali, Rwanda

Insecticides are important malaria vector control tools, with pyrethroids 
being the most widely used class to treat nets and spray interior walls 
of homes.Widespread pyrethroid resistance emergence is a major threat 
to malaria control gains in Rwanda and throughout Africa. In 2011 and 
2013, Rwanda conducted insecticide resistance monitoring of local malaria 
vectors at 12 sentinel sites in high malaria transmission districts with 
high LLIN and IRS coverage. Collected larvae were reared to adults and 
examined for knock-down and mortality using WHO tube bioassay. We 
analyzed a sample of female adults from field larval collections for the 
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kdr-east mutation (L1014S), a known resistance gene. We characterized 
1,406 mosquitoes by polymerase chain reaction and identified 1,165 
(82.9%) as Anopheles arabiensis and 241 (17%) as An.gambiae s.s. 
We compared mortality rates observed in 2011 to 2013 and found a 
significant increase in resistance to lambda-cyhalothrin (98% vs. 63%%; 
p=0.0001), permethrin (86% vs. 66%, p=0.002), deltamethrin (100% vs. 
87%, p=0.0003) and DDT (100% vs. 89%, p=0.001). Bendiocarb showed 
variable susceptibility with 58% of sites tested showing full susceptibility. 
No sentinel site had mosquitos resistant to fenitrothion. We genotyped 
134 An. gambiae s.s mosquitoes for kdr-east mutation and discovered 67 
(50%exhibited homozygous sensitive (SS) alleles, while 35 (26%) and 32 
(24%) mosquitoes exhibited heterozygous (RS) and homozygous resistance 
(RR) alleles, respectively. Of the 591 An.arabiensis genotyped, 425 (72%) 
exhibited homozygous sensitive (SS) alleles while 158 (27%) and 8 (1.4%) 
expressed heterozygous (RS) and homozygous resistance (RR) alleles, 
respectively. The results of this first insecticide resistance study in Rwanda 
reveal decreased pyrethroid and DDT susceptibility in 2013 compared 
to 2011 and susceptibility to carbamates and organosphosphates. 
These results demonstrate the need for Rwanda to continue monitoring 
insecticide resistance to inform effective insecticide management and 
sustain the gains made in malaria control as we approach pre-elimination.

1380
MODELING THE SPREAD OF AEDES ALBOPICTUS IN LOS 
ANGELES, CALIFORNIA

Christopher M. Barker, Diego Montecino
University of California, Davis, Davis, CA, United States

The Asian tiger mosquito, Aedes albopictus, is among the world’s most 
invasive species. Its spread has been facilitated by rapid global transport of 
cargo, and it is now established on every continent except Antarctica. This 
species represents a “triple threat” to human health, being a day-biting 
pest, a competent vector of globally important dengue and chikungunya 
viruses, and a potential bridge vector of several zoonotic arboviruses. As a 
result of its importance, the biology of Ae. albopictus is also well-studied, 
but the fine-scale processes by which it becomes established in a given 
location are poorly understood. This is because even intensive surveillance 
systems yield limited information during the early phase of invasions 
when densities are low, and detection often occurs after populations are 
relatively widespread. Fine-scale spatial models for mosquito dynamics 
and movement offer a way forward, marrying our understanding of Ae. 
albopictus biology with surveillance paradigms and detailed data on the 
real landscapes where invasions occur. Here, we consider the ongoing 
invasion and establishment of Ae. albopictus in Los Angeles since 2011. 
We have used hierarchical modeling to account for heterogeneities in 
household-level suitability, then we modeled the stochastic dynamics 
of Ae. albopictus on this landscape using the suitability surface and a 
temperature-dependent, dynamical model for reproduction and spread. 
We then use the model to answer policy-relevant questions related to 
detection, control, and the feasibility of local eradication efforts.

1381
AEDES ALBOPICTUS MOSQUITO MICROBIOTA ASSEMBLIES: 
ROLE OF DEVELOPMENTAL STAGES AND LARVAL HABITATS

Xiaoming Wang1, Daibin Zhong2, Jiabao Xu2, Guofa Zhou2, 
Xiaoguang Chen1, Guiyun Yan2

1Department of Pathogen Biology, School of Public Health and Tropical 
Medicine, Southern Medical University, Guangzhou, China, 2University of 
California Irvine, Irvine, CA, United States

Aedes albopictus is a major vector of dengue and other arbovirus 
worldwide and a sole vector for dengue in southern China. It’s highly 
invasive and spreads rapidly. Microbiota-mosquito holobiont may play 
an important role in different aspects of mosquito life history, but the 
relationship between vector environments and vector microbiome 
assemblies is largely unknown. This study examined the hypothesis that 

microbiota of aquatic habitats is a key determinant of microbiota and 
larval and adult mosquitoes, and mosquito microbiota is modulated by 
sugar feeding, blood feeding, and exposure to environmental microbes. 
Using Miseq pyrosequencing of 16S rRNA gene V4 hyper-variable region, 
mosquito microbiota was examined from five natural larval habitats, 
and from adult mosquitoes of various ages and life histories. The results 
indicated that microbiota of water in different larval habitats and resulting 
mosquitoes differed significantly. Bacterial diversity generally decreased 
from aquatic stage to adults, while blood feeding reduced microbial 
community diversity. In mosquito larvae, bacterial species common to the 
five natural habitats were less than 30% of the total bacterial species OTU 
identified. Interestingly, we found that Wolbachia abundance was low 
in larvae, and increased with adult mosquito age. The relative densities 
of two main Wolbachia strains (wAlbA and wAlbB) in adult mosquitoes 
were examined by qPCR assays. The ratio of wAlbB to wAlbA gene copy 
number was around 106~108. Other bacterial taxa associated with human 
and pathogen vectorial capacity were also identified. The information 
obtained from this study would help to establish a metagenomic 
foundation for better understanding the impact of environmental 
microbial on vector development and disease transmission.

1382
TRANSCRIPTOME PROFILING BETWEEN PYRETHROID 
RESISTANT AND SUSCEPTIBLE POPULATIONS OF AEDES 
ALBOPICTUS

Jiabao Xu1, Daibin Zhong2, Mariangela Bonizzoni2, Xiaoming 
Wang1, Xiaoguang Chen1, Guiyun Yan2

1Key Laboratory of Prevention and Control of Emerging Infectious Diseases 
of GD Higher Education Inst, Guangzhou, China, 2Program of Public 
Health, University of California Irvine, Irvine, CA, United States

The Asian tiger mosquito, Aedes albopictus, is highly invasive mosquito 
species. It vectors a number of important human pathogens. The extensive 
usage of insecticides for public health vector control and agricultural pest 
control has posted strong selection pressure for increased resistance. 
However, very limited genomic information on Ae.albopictus insecticide 
resistance is available, hindering the development of sensitive molecular 
surveillance tools for insecticide resistance. In this study, we performed 
pyrethroid resistance bioassay in two field populations of Ae. albopictus 
from Southern China. We found one population from Shenzhen, 
southern China highly resistant to pyrethroid. With this population, the 
transcriptome profiling was conducted in 12 resistant individuals and 12 
susceptible individuals using the Illumina HiSeq v4 PE100 technique. The 
transcriptome sequencing yielded more than 674 million clean paired 
end reads, with an average of 53 million reads per individual mosquito. 
A total of 19,733 (98.2% of the reference transcripts) transcripts were 
expressed in the tested mosquitoes. Among these, 742 transcripts were 
differentially expressed between deltamethrin resistant and susceptible 
mosquitoes collected from the same field site. Among these, top 50 
differentially expressed genes included detoxification enzymes, cuticle 
protein and immune genes. A total of 439,306 non-synonymous variants 
were identified, among those, 5,245 SNPs differed significantly between 
resistant and susceptible populations in frequencies, and distributed in 
1,925 genes. The most differential SNPs were found in cytochrome P450 
detoxification genes. The transcriptome databases provide a valuable 
genomic resource for further genetic studies of this important dengue 
virus vector species. The differentially expressed genes associated with 
insecticide resistance identified in this study lay an important foundation 
for further functional analysis. The identified SNP markers will provide 
useful tools for future population genetic and comparative genomic 
analyses of Ae. albopictus vectors.
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GENOMIC ANALYSES OF DELTAMETHRIN RESISTANT AND 
SUSCEPTIBLE MOSQUITOES IN ANOPHELES SINENSIS

Daibin Zhong1, Xiaoming Wang1, Mariangela Bonizzoni1, Jiabao 
Xu1, Liwang Cui2, Guiyun Yan1

1University of California Irvine, Irvine, CA, United States, 2Department of 
Entomology, Pennsylvania State University, University Park, PA, United 
States

Anopheles sinensis is a major malaria vector in Southeast Asia. 
Resistance to pyrethroid insecticides is becoming a common problem in 
this species. Previous study identified the An. . sinensis populations from 
Yunnan, China, showing high level resistance to deltamethrin, but total 
absence of knockdown resistance (kdr) mutation, suggesting resistance 
mechanisms other than kdr resistance in An. sinensis. The aim of this 
study was to identify genomic variants, including single nucleotide 
polymorphisms (SNPs), multiple nucleotide variants (MNV), and insertion/
deletion polymorphisms (INDELs) in An. sinensis. Using massively parallel 
paired-end DNA sequencing, we generated 108 Gb of DNA sequence 
data from pooled deltamethrin resistant and susceptible mosquitoes, 
resulting in an average of 83.3X sequence coverage. Reads were 
mapped to approximately 94% of the An. sinensis reference genome. 
Using a stringent filtering method, we identified a total of 7.7 million 
variants, including 0.46 million variants located in codon regions. Over 
140 thousand non-synonymous variants were identified. Approximately 
6,000 differential SNPs were identified between deltamethrin resistant 
and susceptible population. Among those, 26 genes with the highest 
percentage of differential SNPs were identified, including detoxification 
genes, immune genes, cuticular protein, ordant protein, and ribosomal 
genes. We confirmed the finding by genotyping 40 mosquitoes at 20 
highly differential SNPs. Furthermore, the two cytochromes P450 genes, 
CYP6Z3 and CYP4J10 previously identified with overexpression in resistant 
An. sinensis mosquitoes, were found having higher mutation frequencies 
at A513D of CYP4J10 and at G363S of CYP6Z3, respectively, in the 
resistant mosquitoes. The genomic variation described here will be a useful 
resource for future studies of genetic mechanisms of insecticide resistance.

1384
AN ANALYSIS OF CHROMOSOMAL INVERSIONS WITHIN 
THE ANOPHELES 1000-GENOMES PROJECT - MARKERS OF 
POPULATION STRUCTURE IN DISEASE VECTORS FROM THE 
PAST TO THE FUTURE

Seth N. Redmond1, Tiago Antão2, Nora Besansky3, Samantha 
O’Loughlin4, Ag1000g Consortium5

1Broad Institute, Boston, MA, United States, 2Liverpool School of Tropical 
Medicine, Liverpool, United Kingdom, 3University of Notre Dame, South 
Bend, IN, United States, 4Imperial College, London, United Kingdom, 
5Ag1000G Consortium affiliations are listed at www.malariagen.net/
ag1000g, Oxford, United Kingdom

The Anopheles 1000-genomes project has generated, in it’s first phase, 
full-genome sequences for 765 individual mosquitoes. Samples collected 
cover two different species and sampling sites across the whole of Sub-
Saharan Africa and genotypes have been called for more than 52m 
SNPs, enabling investigations of population structure and selection at 
an unprecedented scale. Yet despite the breadth of this dataset and the 
broad utility of SNP markers, it has been challenging to place this work 
in the context of the many decades of prior studies of the Anopheles 
species cluster. Work in the pre-genomic era frequently involved large 
structural variants; chromosomal inversions that can identify population 
structure, facilitate adaptation to differing ecological conditions, and 
can both prevent and facilitate genetic transfer between members of 
the species cluster. However, though inversions are readily identifiable 
via analysis of polytene chromosomes, they are difficult to call from the 
short-insert illumina sequence that makes up the Ag1000g data. Using 

multiple methods, including breakpoint identification, LD-clustering and 
admixture analysis, we have investigated chromosomal inversions in all 
sample groups of the ag1000g dataset, generating karyotypes for five 
of the seven major inversions that are thought to be represented in the 
Ag1000g dataset, and including additional rare inversions found on 
chromosomes 2 and 3. SNP markers have been identified for all of these 
inversions enabling future investigations of karyotype using cost effective 
genotyping methods. We will present a detailed analysis of the distribution 
of these inversions within the Ag1000g dataset, illuminating population 
structure at both intraspecific and interspecific levels. This will include sites 
showing reproductively isolated Anopheles gambiae / coluzzii, admixed 
A. gambiae / coluzzii,and evidence of allopatric structured populations 
within Anopheles gambiae s.s.

1385
CORRECTING GENOME MISASSEMBLIES IN MALARIA 
VECTORS BY PHYSICAL MAPPING

Igor V. Sharakhov1, Ashley Peery1, Anastasia Naumenko1, 
Xiaofang Jiang1, Brantley Hall1, Maria V. Sharakhova1, Zhijian Tu1, 
Gleb Artemov2, Vladimir Stegniy2

1Virginia Tech, Blacksburg, VA, United States, 2Tomsk State University, 
Tomsk, Russian Federation

The recently sequenced and assembled genomes of 16 anophelines 
allowed researchers to investigate the genomic basis of vectorial capacity. 
However, unmapped scaffolds may conceal gaps and misassemblies, 
which could cause incorrect or incomplete annotation of genomic 
sequences. Anchoring scaffolds onto chromosomes can correct these 
mistakes and can facilitate the development of high-quality reference 
genome assemblies that could be used for studying chromosome 
evolution and gene-order phylogeny. Using a combination of cytogenetic 
and bioinformatics approaches we mapped the genomic scaffolds to 
chromosomes of Anopheles arabiensis, An. stephensi, An. atroparvus, 
and An. albimanus. Each of the species was individually compared 
to An. gambiae. The comparative positions of genes within mapped 
scaffolds based on orthology relationships were plotted using the R 
program genoPlotR. Orientation of scaffolds on chromosomes was 
obtained from physical mapping data. This effort identified and corrected 
scaffold misassemblies in several species and developed chromosome-
based genome assemblies. We estimated the number of chromosomal 
inversions between An. gambiae and each of the species and found 
that rearrangement rates are ~3 times higher on the X chromosome 
than on autosomes. The fast rate of X chromosome rearrangements is 
in sharp contrast with the paucity of polymorphic inversions on the X in 
anophelines. This finding could be indicative of a greater role of the X 
chromosome rearrangements in speciation of malaria mosquitoes.

1386
VECTORBASE: COMMUNITY RESOURCES FOR VARIATION, 
POPULATION AND COMPARATIVE GENETIC DATA ANALYSIS

Gareth Maslen1, James Allen1, Mikkel Christiansen1, Robert 
M. MacCallum2, Scott J. Emrich3, Gregory R. Madey3, Frank H. 
Collins3, VectorBase consortium (1,2,3)

1European Molecular Biology Laboratory - European Bioinformatics 
Institute, Cambridge, United Kingdom, 2Imperial College London, London, 
United Kingdom, 3University of Notre Dame, Notre Dame, IN, United 
States

VectorBase is a NIAID-funded Bioinformatic Resource Center that provides 
resources to investigate vectors of human pathogens. Over the last year 
VectorBase has expanded to incorporate data from several species clusters 
(for a total of 22 Anopheles and 6 Glossina genomes) as well as the 
genomes of other insects supplying a total of 37 genomes representing 
35 species. The availability of genomic, transcriptomic and proteomic 
data from multiple species permits a comparative approach to identify 
and characterize regulatory and biochemical pathways involved in diverse 
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phenotypes such as insecticide resistance, pathogen-host interactions 
and immunity, and arthropod phylogenetic relationships. Gene models 
and metadata are curated for all VectorBase species, and are used to 
recalculate gene trees for all updated organisms with each database 
release (bimonthly). Phylogenetic trees are constructed for all coding 
and ncRNA genes, orthologs and paralogs are identified, and gene and 
species trees are reconciled to identify duplication and speciation events. 
In addition to comparative omics information, variation data from a variety 
of wild populations and laboratory research strains are available for 14 
species (12 Anopheles, Aedes aegypti and Ixodes scapularis). Variation 
data sets relating to insecticide resistance, host immune response to 
infection, and SNP chips used for large scale sample genotyping can be 
visualised in their genomic context using the VectorBase gene browser, 
and are linked to population and geodata for the originating samples 
via the Population Biology browser (PopBio) application. Since access to 
experimental sample metadata is a key requirement for efficient querying 
and visualization of large variation and population data sets VectorBase 
provides linkage to public repositories of reference sample metadata such 
as BioSamples to permit the provenance of samples to be determined, 
and provide convenient links to related sample data such as NCBI/ENA 
sequencing and expression data. All data provided by VectorBase are freely 
available at www.vectorbase.org.

1387
THE CREATION AND CHARACTERIZATION OF A TRANSGENIC 
ANOPHELES GAMBIAE LINE DYSFUNCTIONAL FOR 
SEXUALLY TRANSFERRED 20E

Andrea L. Smidler1, Enzo Mameli2, Evdoxia Kakani1, Flaminia 
Catteruccia1

1Harvard University, Boston, MA, United States, 2University of Perugia, 
Perugia, Italy

Recent findings have demonstrated the importance of the insect 
hormone, 20-hydroxyecdysone (20E), in coordinating Anopheline 
reproductive biology. In the Cellia sub-genus of anophelines male-
transfer of 20E during mating has been implicated in fertility, fecundity, 
mating refractoriness, and has been suggested to play an indirect role 
in Plasmodium development. Elucidating the downstream effects of 
male 20E transfer can therefore provide valuable insight into the biology 
of both reproduction and parasite development within the mosquito. 
Generation of 20E-depleted males is crucial to facilitate studies of this 
biological system. Unfortunately the tissue in which 20E is synthesized, the 
male accessory glands (MAGs), is generally difficult to target with RNAi 
based approaches; therefore targeting genes involved in 20E-synthesis is 
problematic. Here we present the characterization of an An. gambiae 
MAG specific promoter from the mating plug protein, Plugin, and 
demonstrate that this regulatory region is capable of driving MAG-
specific expression of tdTomato. Further, we use this promoter to create a 
transgenic line in which expression of a 20E-deactivating enzyme is driven 
specifically in the MAGs. Males from this transgenic line, which we named 
Me2, are successfully depleted of 20E within their MAGs and transfer 
significantly less 20E to females during copulation. We are currently 
employing Me2 males to explore the role of male-transferred 20E in the 
female post-mating response, and its potential influence on Plasmodium 
falciparum development within An. gambiae.

1388
THE EFFECT OF HYBRIDIZATION ON GENE EXPRESSION IN 
THE ANOPHELES GAMBIAE COMPLEX

Kevin C. Deitz1, Willem Takken2, Michel A. Slotman1

1Texas A&M University, College Station, TX, United States, 2Wageningen 
University, Wageningen, Netherlands

The accumulation of genetic incompatibilities that cause hybrid sterility 
and/or inviability between diverged populations is an important step 
in the formation and maintenance of species boundaries in the face of 

hybridization. While some chromosomal incompatibilities that cause 
hybrid sterility and inviability between An. gambiae and An. arabiensis 
have been identified, little is understood about the nature of these 
incompatibilities. Divergence in gene regulation, rather than genetic 
differences, is thought to account for a large proportion of phenotypic 
differences between species, and could also play a large role in hybrid 
sterility and inviability. Therefore, we analyzed gene expression in sterile F1 
hybrid male pupae and compared it to parental males in crosses between 
An. gambiae, An. arabiensis, and An. quadriannulatus. By analyzing 
genome-wide, allele-specific gene expression, we explored the roles of cis 
and trans regulatory divergence in the hybrid male sterility phenotype. 
The relationship between allele-specific expression, patterns of sequence 
evolution, and known hybrid sterility QTL was also explored. Our analysis 
provides insight into the divergence of the An. gambiae complex.

1389
SPECIATION, HYBRIDIZATION AND INTROGRESSION 
IN NATURAL ANOPHELES GAMBIAE AND A. COLUZZII 
POPULATIONS FROM THE AG1000G PHASE-1 DATA

Alessandra della Torre1, Giordano Botta1, Alistar Miles2, 
Kirk Rockett2, Beniamino Caputo1, Martin Donnelly3, Dominic 
Kwiatkowski2, The Anopheles gambiae 1000 genomes consortium
1University of Rome SAPIENZA, Rome, Italy, 2University of Oxford, Oxford, 
United Kingdom, 3Liverpool School of Tropical Medicine, Liverpool, United 
Kingdom

The Anopheles gambiae 1000 genomes (Ag1000g) project is opening 
unprecedented perspectives in the analysis of genome variation 
in natural populations of Afrotropical malaria vectors by providing 
high throughput sequence data on natural vector populations to be 
exploited to characterize patterns of diversity, linkage disequilibrium 
and recombination, population structure and gene flow, signals of 
recent selection, and demographic history. As a first step toward the full 
exploitation of the genetic data made available by Phase-1 of Ag1000g 
project, we focused on the SNPs that were found to show high allele 
frequencies difference (>0.9) between A. gambiae and A. coluzzii 
populations from Mali. Screening for variation in these SNPs in the first 
765 wild-caught sequenced specimens from 8 sub-Saharan countries 
(i.e. Guinea-Bissau, Guinea-Conakry, Burkina Faso, Cameroon, Gabon, 
Angola, Uganda, Kenya) revealed evidence of: i) putative A. coluzzii/A. 
gambiae ancestral polymorphisms in an A. gambiae population out of 
its range of sympatry with A. coluzzii; ii) ongoing gene flow between 
A. gambiae and A. coluzzii in the “far west” of their sympatric range, 
where a secondary contact region has been previously hypothesized; iii) 
introgression of mutations conferring insecticide resistance across species 
and between geographically distant populations. In order to facilitate 
large-scale and straightforward genotyping of additional A. gambiae and 
A. coluzzii populations, we developed a nucleic acid mass spectrometry 
assay based on a selection of the most informative SNPs and tested the 
novel approach on the initial 765 wild-caught sequenced specimens first, 
and on additional populations next.

1390
ANOPHELINE TRIGGERS OF FEMALE POST-MATING 
PHYSIOLOGY IN ABSENCE OF SEXUALLY TRANSFERRED 
ECDYSONE AND IMPLICATIONS FOR MALARIA 
TRANSMISSION

Sara N. Mitchell, Evdoxia G. Kakani, Adam South, Flaminia 
Catteruccia
Harvard T. H. Chan School of Public Health, Boston, MA, United States

The ability of anophelines to transmit malaria is influence by their sexual 
reproduction, with female fecundity, longevity and immunity shaped 
by post-mating physiological changes. In Anopheles gambiae, male 
sexual traits - transfer of a mating plug containing the steroid hormone 
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20-hydroxyecdysone (20E) - triggers major physiological events in females 
including loss of receptivity to mating and increased egg development. 
Correlated coevolution has driven the adaptation of these male traits 
in anophelines, with transfer of both a mating plug and 20E occurring 
exclusively in extant species of the subgenus Cellia. We employed 
RNAseq to determine possible alternative triggers of female reproductive 
behaviors in other anophelines; focusing on the 20E-less and plugless 
Nyssorhynchus vector An. albimanus. We transcriptionally profiled 
the male accessory glands before and after mating as fluctuations in 
individual semen components my indicate factors crucial for mating 
success, and identified a number of unique proteins regulated by sex. 
Through reciprocal sequencing of the female uterus we identified potential 
interacting partners to these male peptides as well as pathways controlled 
by mating in the female. RNAi demonstrates a role for these male-female 
interactions in regulating An. albimanus female reproductive physiology 
and behavior. Furthermore, we show evidence of potential interplay 
between this divergent 20E-independent mating system and female 
physiology after blood feeding with implications for malaria transmission. 
Our data help elucidate the biological aspects relevant for vectorial 
capacity in different anophelines, and may facilitate control strategies 
aimed at reducing mosquito reproductive success.

1391
LANDSCAPE GENETICS OF ANOPHELES ARABIENSIS 
MOSQUITOES ACROSS KENYA

Elizabeth Hemming1, Daibin Zhong1, Eugenia Lo1, Harrysone 
Atieli2, Yaw Afrane2, Andrew Githeko2, Guiyun Yan1

1University of California, Irvine, Irvine, CA, United States, 2Kenya Medical 
Research Institute, Kisumu, Kenya

Malaria transmission is affected by the movement of mosquitoes (over 
short distances) and people (over any distance). Active mosquito dispersal 
may depend on environmental and ecological factors, such as availability 
of blood meal source and larval habitats, suitability of ambient climate, 
and geographic distance and barriers. Anopheles arabiensis mosquito 
is presently one of the most widespread and important malaria vectors 
in Africa. Using a landscape genetics approach, we aimed to determine 
the relative contribution of geographic and ecological factors to genetic 
structure of An. arabiensis across Kenya. An. arabiensis larvae were 
collected from twelve sites in four ecological regions (Western Kenya 
highlands, Western Kenya lowlands, Great Rift Valley and Eastern Kenya 
coast). Ten microsatellite markers were used to genotype these mosquito 
populations. We are currently analyzing the population genotype data 
using the Bayesian Estimation of Differentiation in Alleles by Spatial 
Structure and Local Ecology (BEDASSLE) program to quantify the 
contributions of geographic and ecological factors to mosquito genetic 
structure. Understanding factors that promote and prevent gene flow of 
malaria vectors is critical to predicting the spread of insecticide resistance.

1392
ANOPHELES SPECIES DIVERSITY, BEHAVIOR AND 
SPOROZOITE RATES IN SIX STATES OF NIGERIA

Nnenna Ezeigwe1, Petrus U. Inyama2, Lazarus M. Samdi2, Joel 
D. Akila1, Samson T. Awolola3, Georgina S. Mwansat4, Greg I. 
Anyanwu5, Abdulsalami M. Yayo6, Nwabueze Ebere7, Okechukwu 
Chukwekezie8, Aklilu Seyoum9, Uwem Inyang10, Richard W. 
Niska10, Jessica Kafuko10, Yelena Kolyada11, Christen Fornadel12, 
Laura Norris12

1Federal Ministry of Health, Abuja, Nigeria, 2PMI-AIRS Project Nigeria, 
Abuja, Nigeria, 3Nigeria Institute for Medical Research, Yaba Lagos, 
Nigeria, 4University of Jos, Department of Zoology, Jos, Nigeria, 
5Department of Biological Sciences, Nasarawa State University, Keffi, 
Nigeria, 6Departments of Microbiology and Parasitology, Faculty of 
Medicine Bayero University Kano, Kano, Nigeria, 7Department of 
Applied and Environmental Biology River State University of Science 
and Technology, Port Harcourt, Nigeria, 8National Abovirus and Vector 
Research Center, Enugu, Nigeria, 9PMI-AIRS Project, Ghana, Ghana, 
10U.S. President’s Malaria Initiative/United States Agency for International 
Development, Abuja, Nigeria, 11Abt Associates Inc., Bethesda, MD, United 
States, 12U.S. President’s Malaria Initiative/United States Agency for 
International Development, Washington, DC, United States

A survey of adult anopheline mosquito diversity was conducted from 
March through October 2014 in six States (Enugu, Plateau, Rivers, Jigawa, 
Nasarawa and Lagos) across different ecological zones of Nigeria. Monthly 
sampling was carried out over a 10-month period using human-baited 
CDC LT hourly cup-change method placed indoors and outdoors to 
measure mosquito biting-time and location from 18:00hrs to 06:00hrs. 
PSCs were used to sample indoor-resting mosquitoes. PCR identification 
was carried out on a subset of samples from each site. An. gambiae s.l. 
was tested for Plasmodium falciparum sporozoite infection using ELISA. 
A total of 23,740 Anopheles mosquitoes were collected between March 
and October 2014. 14,001 (58.98%) were caught using PSCs. Using 
CDC LT, 5,000 (51.3%) were caught indoors, while 4,739 (48.7%) were 
caught outdoors. Significantly higher numbers of anopheline mosquitoes 
were collected indoors than outdoors (χ2 =6.995; df =1; p= 0.0082). 
A total of 19,699 (83.2%) were An. gambiae s.l., 1,749 (7.4%) were 
An. funestus, 1767 (7.4%) were An. coustani, 162 (0.68%) were An. 
nili. and 6 (0.03%) were An. moucheti. The difference between the 
two major vectors was statistically significant (p<0.0001). An. gambiae 
s.l. was distributed across all the sites, while An. funestus was only 
found in Enugu, Plateau, Jigawa and Nasarawa States. An. nili was 
only present in Enugu, Jigawa, and Nasarawa States, with significantly 
higher densities in Enugu (p<0.0001). PCR analysis revealed that of 
the 2,984 samples analyzed from all the sites, 2,787 (93.4%) were 
Anopheles gambiae s.s., while 197 (6.6%) were An. arabiensis. The 
highest sporozoite infection rate of 5.5% was recorded in Rivers state, in 
Anopheles gambiae collected using both methods, followed by Enugu 
(3.7%). The predominance of An. gambiae s.l. in all the sentinel sites 
has been established. High diversity of Anopheles vectors was found in 
Plateau while An. gambiae s.l. was the only species found in the Rivers 
state. Anopheles moucheti, was found only in Enugu. This shows the 
differences in the complexity of vectors and malaria transmission in the 
different ecological zones.
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1393
MAJOR MALARIA VECTORS, ANOPHELES FUNESTUS AND 
AN. ARABIENSIS, BITE AT DIFFERENT TIMES OF THE NIGHT IN 
TWO VILLAGES IN NORTHERN MALAWI: IMPLICATIONS FOR 
MALARIA CONTROL

Themba Mzilahowa1, Steve Gowelo2, John Chiphwanya3

1University of Malawi, Blantyre, Malawi, 2University of Malawi, Zomba, 
Malawi, 3National Malaria Control Program, Lilongwe, Malawi

The deployment of both long-lasting insecticidal nets and indoor residual 
spraying (IRS) has potential to alter vector behavior through selection or 
toxic effects. There are no recent data to indicate the behavioral patterns 
of major malaria vectors in Malawi. Therefore, human landing catches 
were carried out at one village each in Nkhata Bay and Karonga districts 
to investigate the biting behavior of Anopheles arabiensis and An. 
funestus from January to July 2014. At monthly visits, three houses were 
randomly selected, and teams of four people worked in pairs at each 
house, one person inside and the other outside. Using a flashlight and 
mouth aspirator, mosquitoes were collected as they landed on bare legs 
from 6:00 PM to 12:00 midnight. Another team of two continued from 
12:00 midnight to 6:00 AM to complete the night’s collection. Each hourly 
collection was placed in a separate paper cup, labeled by house, location 
and collection time. On a second night teams were rotated between 
houses and time period. An. funestus was predominant in Nkhata Bay 
(91.2%; n = 2567) compared to An. arabiensis (8.8%; n = 249). The 
latter species was predominant in Karonga (95.2%; n = 440) compared 
to An. funestus (4.8%; n = 22). An. arabiensis was active from 8 PM 
until 6 AM with peak biting between 1 - 2 AM, while An. funestus was 
active from 11 PM until 6 AM with peak biting at 5 AM. An. funestus 
predominantly was collected indoors while biting (65.8%; n = 1704) 
compared to outdoors (34.2%; n = 884), whereas An. arabiensis bit 
more outdoors (57.0%; n = 393) than indoors (42.0%; n = 296).

1394
ANTI-SALIVARY ANTIBODIES AS A MEASURE OF PROTECTIVE 
EFFICACY OF LONG-LASTING PERMETHRIN-IMPREGNATED 
CLOTHING AGAINST MOSQUITO BITES

Berlin L. Londono1, Jaymin Patel2, Meagan Vaughn3, Sheana 
Funkhouser2, Loganathan Ponnusamy4, Crystal Grippin Grippin1, 
Samuel Jameson1, Charles Apperson4, Christopher N. Mores5, 
Dawn M. Wesson1, Tonya M. Colpitts1, Steven R. Meshnick2

1Tulane University, New Orleans, LA, United States, 2Department of 
Epidemiology, Gillings School of Global Public Health, Chapel Hill, NC, 
United States, 3Rho, Inc., Chapel Hill, NC, United States, 4Department of 
Entomology, North Carolina State University, Raleigh, NC, United States, 
5Louisiana State University, Baton Rouge, LA, United States

Mosquitoes are vectors of many infectious pathogens. Because mosquito 
bites may be unnoticed, it is difficult to monitor efficacy of mosquito 
avoidance measures in the field. However, mosquito saliva contains 
immunogenic proteins which elicit antibodies in humans and these are 
a direct measure of the exposure to mosquito bites. We have previously 
shown that long-lasting permethrin-impregnated clothing protects against 
tick and chigger bites in a double-blind randomized controlled trial in 
North Carolina outdoor workers. Here, we evaluated whether this clothing 
is protective against mosquito bites by measuring changes in antibody 
titers to mosquito salivary gland extracts. Paired serum samples were 
obtained from 64 participants. Antibody titers to Aedes atlanticus and 
Ae. albopictus salivary gland extracts were measured by ELISA. Antibody 
titers increased 10-fold between March 2011 and September 2012. The 
difference was 2-2.5 fold lower in subjects wearing treated uniforms than 
in control subjects. This suggests that long-lasting permethrin impregnated 
clothing provides protection not only against ticks but also against 
mosquito bites.

1395
TARGETING ECDYSONE SIGNALLING IN THE MOSQUITO: AN 
EFFECTIVE APPROACH FOR MALARIA CONTROL

Evdoxia G. Kakani1, Lauren M. Childs2, Francisco Cai2, Sara 
N. Mitchell2, Paolo Gabrieli1, Caroline O. Buckee2, Flaminia 
Catteruccia2

1University of Perugia, Perugia, Italy, 2Harvard T. H. Chan School of Public 
Health, Boston, MA, United States

Chemical control of mosquito populations remains the most effective 
method to defeat malaria. New tools are however needed as malaria 
elimination is threatened by the spread of insecticide resistance. As 
Anopheles females typically mate only once in their lifetime, interfering 
with mosquito reproduction offers an exciting opportunity to interrupt 
malaria transmission. Besides the crucial role of 20-hydroxyecdysone (20E) 
in oogenesis, we have recently shown that in Anopheles gambiae, male 
20E transferred during copulation induces oviposition and refractoriness 
to further mating. Based on the multiple profound effects of 20E on 
the reproductive physiology of Anopheles females, we investigated the 
potential use of hormone agonists as mosquito chemosterilants against 
An. gambiae females. Here, we show that disrupting 20E signalling has 
a remarkable impact on a number of biological traits that are relevant to 
vectorial capacity; it significantly reduces longevity, completely abolishes 
egg development and drastically decreases insemination rates. By fitting 
our data into a mathematical model of the mosquito lifecycle, we 
demonstrate that manipulating hormonal balance significantly impacts 
mosquito population dynamics and malaria transmission; reducing 
mosquito population size and shifting its age structure. These results 
demonstrate that disruption of 20E signaling is an effective, new and 
complementary approach to the existing tools for mosquito control, and 
may provide the additional effort required to achieve malaria elimination. 
Importantly, as the role of 20E in reproduction is conserved among 
most anopheline vectors, applications based on this hormone could also 
translate to other important Plasmodium vectors.

1396
CHARACTERIZATION OF ANOPHELINE SPECIES 
COMPOSITION ALONG THE BHUTAN-INDIA BORDER REGION

Wan Nurul Naszeerah1, Nima Wangdi Gyeltshen2, Rinzin 
Namgay2, Leonard E. Munstermann1, Sunil Parikh1

1Yale School of Public Health, New Haven, CT, United States, 2Vector-borne 
Disease Control Program, Gelephu, Bhutan

Bhutan is aggressively embarking on a path towards malaria elimination. 
Despite substantial progress, Bhutan remains vulnerable to imported 
malaria. The majority of cases are in Sarpang District, which shares a 
border with the state of Assam in India, and from where most cases likely 
originate. However, the anopheline species responsible for autochthonous 
malaria transmission have not been well characterized. Therefore, a 
comparison of the vector species in Sarpang was made with published 
vector records in neighboring Assam. An assessment of the anopheline 
species composition was undertaken from May to July 2014 in four 
Sarpang villages adjacent to the Assam border. Five sampling methods 
were employed: (1) human landing catches, (2) cattle-baited catches, (3) 
CDC light traps, (4) indoor resting catches and (5) resting boxes. Female 
anopheline mosquitoes were identified to species using a morphologic key. 
These results were compared to published literature on anopheline ecology 
and vectorial roles in Assam. The two suspected malaria vectors in Bhutan, 
Anopheles culicifacies (n=189) and An. pseudowillmori (n=205), were 
abundant in the Sarpong villages. However, in Assam, only An. culicifacies 
species B, a relatively incompetent vector, has been documented. In 
contrast, the primary malaria vectors of Assam, An. minimus and An. 
baimaii, were absent in the Sarpang collections. If An. culicifacies is 
not a competent vector in Sarpang, the other recovered species--An. 
pseudowillmori, An. maculatus and others may be the responsible 
vectors for malaria transmission in Sarpang. Nonetheless, molecular 
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methods are required to identify members of several of the sibling species 
in this region; however as yet, adequate equipment and trained personnel 
are not available to address this difficulty.

1397
UTILITY OF BARRIER SCREENS TO SAMPLE OUTDOOR 
MOSQUITOES IN AN AREA TARGETED FOR MALARIA 
ELIMINATION

Jennifer C. Stevenson1, Limonty Simubali2, Harry Hamapumbu2, 
Neil F. Lobo3, Douglas E. Norris1, for the Southern Africa ICEMR
1Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States, 2Macha Research Trust, Choma, Zambia, 3University of Notre Dame, 
South Bend, IN, United States

Malaria elimination strategies, employing reactive case detection and mass 
distribution of treated bednets, are being rolled out in southern Zambia. 
Entomological surveillance is essential to not only monitor the impact on 
vectors but also to identify where transmission may still occur. Two years 
of surveillance in Macha, southern Zambia indicate that vector densities 
indoors are very low, with high spatio-temporal heterogeneity, but recent 
data on outdoor transmission is lacking. To assess the utility of barrier 
screens for sampling outdoor vectors, eight households with above mean 
indoor densities of the vector Anopheles arabiensis were selected. Two 
barrier screens, set between houses and either mosquito breeding sites 
or animal enclosures, were rotated randomly though the households for 
a period of 40 nights during the rainy season of 2015. Barriers measuring 
2 meters high and 5 meters long were constructed from polyester shade 
netting attached to poles, with a ‘roof’ to create ‘eaves’. Mosquitoes 
were collected by mouth aspiration from each side of the barrier hourly 
from 18:00 to 06:00, recording the height of collection. More than 75% 
of anophelines caught were morphologically identified as An. gambiae 
s.l., similar to the species composition indoors. Molecular identities will 
determine whether these are indeed the vector species An. arabiensis. 
Blood feeding rates were higher than that of indoor light trap catches. 
Human blood indices, infectivity and parity rates will be estimated. Whilst 
the majority of An. gambiae s.l. were collected between 22:00 and 
05:00, when most people were recorded to be indoors and protected by 
bednets, almost 20% were caught between 19:00 and 22:00. A larger 
study surveying more houses over time would indicate the extent of this 
outdoor exposure. This study demonstrated that barriers screens can be 
used in an area of low vector density to collect anophelines outdoors and 
that densities are comparable to that of indoor host-seeking collections. 
This tool could be used to quantify residual transmission, estimations of 
which are essential in an area where elimination employs only indoor 
vector interventions.

1398
MALARIA TRANSMISSION IN TWO DIFFERENT RURAL 
ECOLOGICAL SETTINGS IN MALI

Mamadou B. Coulibaly1, Moussa Kieta1, Sidy Doumbia1, 
Nafomon Sogoba1, Seydou Doumbia1, Sekou F. Traore1, Donald J. 
Krogstad2

1University of Science, Technologies and Techniques, Bamako, Mali, 
2Tulane University, New Orleans, LA, United States

Malaria transmission varies widely across divergent ecological settings. 
Here we compare entomological parameters for malaria transmission 
between two ecologically divergent zones in Mali: 1] one with distinct 
rainfall-based (seasonal) transmission (Dangassa) and 2] another with 
virtually year-round transmission (Koïla Bamana) because of irrigation 
to grow rice in the inner delta region of the Niger River. Standard 
control measures are used at both sites with the difference that 
their implementation and effectiveness have been monitored by the 
Millennium Villages Project (MVP) in Koïla Bamana, whereas in Dangassa, 
the only control measures are those provided by the government. 
Five entomological surveys were performed at each of the study sites 

simultaneously to collect mosquitoes using pyrethrum spray catches 
(PSCs) and human landing catches after obtaining ethical approvals. 
Anopheles gambiae s.l. was the major vector found in both localities 
and represented 99% (N=5466) of the mosquitoes collected. Overall, the 
mean density of mosquitoes per house from the PSCs (mean=15.0, 95% 
CI [14.4-15.6]) was higher in the rice growing area of Koïla Bamana than 
in the seasonal transmission setting of Dangassa (mean=5.9, 95% CI [5.5-
6.3]). In contrast, the human blood index (HBI=percent of mosquito blood 
meals from human subjects) and the monthly entomological inoculation 
rate (EIR) were 6.2 (80.0% vs 13.6%) and 3.7 (1.43 vs 0.39) times 
higher, respectively, in Dangassa than Koïla. The higher An. gambiae s.l. 
densities in the rice growing area of Koila Bamana and the higher HBIs 
and EIRs in Dangassa may have resulted from a combination of: 1] intense 
implementation and monitoring of vector control measures by the MVP in 
Koila Bamana and 2] longer vector survival and less intense vector control 
in Dangassa.

1399
CHANGING VECTOR POPULATION DYNAMICS WITH AN 
EMERGING POPULATION OF ANOPHELES FUNESTUS IN A 
SETTING OF HIGH MALARIA CONTROL INTERVENTIONS IN 
THE GAMBIA

Musa Jawara1, Dr Julia Mwesigwa1, Mathurin Daitta1, Majidah 
Hamid Adiamoh1, Muna Affara1, Archibald Worwui1, Gian Luca Di 
Tanna2, Dr Jane Achan1, Prof Umberto D’Alessandro1

1Medical Research Council Unit, The Gambia, Banjul, Gambia, 2London 
School of Hygiene & Tropical Medicine, London, United Kingdom

The scale-up of key malaria control interventions like indoor residual 
spraying, use of insecticide treated bed nets and provision of artemisinin-
based combination therapy has greatly reduced the burden of malaria in 
The Gambia. There is limited data on how these interventions have altered 
the ecology of major vectors in the country. Entomological sampling 
was conducted in the setting of an ongoing longitudinal cohort study in 
twelve villages across the country. In each village, fourteen houses were 
selected and indoor and outdoor mosquito collections were done using 
human landing catches and CDC light traps. Mosquito species were 
identified using morphological characteristics and by PCR. During the 
2013 transmission seasons (June to December); a total of 12,815 adult 
Anopheles mosquitoes were collected. Anopheles gambiae s.l.complex 
was the predominant species (81.2%) in most villages. Significant 
densities of An.funestus species were identified for the first time in the 
country but only limited to the Central River region. There was significant 
heterogeneity in vector abundance between regions. Villages in central 
river region and the West coast had the highest mosquito densities despite 
having lower malaria parasite prevalence, whereas villages in the upper 
river region with higher malaria parasite prevalence had significantly 
lower vector densities. The peak vector density was in September and the 
peak biting time was at dawn (5:00 am). Significant outdoor feeding and 
resting behaviour was also observed. The overall sporozoite rate was 0.1 
with the highest rates observed in the west coast (0.8) and upper river 
region (0.6). Mosquito survival (98% parity) and EIR (21 infective bites per 
person per year) were highest in the upper river region. In conclusion these 
observed changes in key entomological indices especially the emergence 
of An. fenestus species in this region have important implications for 
the epidemiology and control of malaria in The Gambia. Additional 
vector control strategies utilising both indoor and outdoor tools may be 
beneficial.



428

astmh.org

1400
A DIFFERENT ANGLE OF AEDES AEGYPTI PUPAL 
PRODUCTIVITY: SOCIAL AND BIOLOGICAL FACTORS IN TWO 
DENGUE HYPER-ENDEMIC CITIES

Diana R. Higuera-Mendieta, Juliana Quintero
Fundación Santa Fe de Bogotá, Bogotá, Colombia

Behaviors, beliefs and ecologic conditions in a community are of particular 
importance to dengue control given Aedes aegypti anthropophilic 
behavior. Since the reduction of household breeding sites is a key 
control measure available for dengue vector control, the objective of 
this study was to determine the social and ecologic factors related to 
pupal productivity in households of two hyperendemic cities in Colombia 
(Armenia and Arauca). 4000 households were randomly selected using 
cluster sampling with replacement after three attempts to contact. In 
each household a survey including knowledge, attitudes and practices 
about dengue; a characterization of all the potential breeding sites and 
subsequently counting of pupae was performed. Two statistical models 
were designed: a logistic model between absence/presence of pupae in 
a household and social and behavioural factors, and a negative binomial 
model for the counts of pupae per breeding site and the ecologic and 
behavioural factors. Risk factors in Armenia were the location of the 
household in areas of less altitude and more temperature (OR 6.2 p 0.02), 
having seen larvae in the household (OR 4.4 p 0.001), and not knowing 
about vector oviposition places (OR 1.8 p 0.001) was related with presence 
of pupae. Containers in which no frequency of emptying was reported or 
were filled with rain water were associated with a higher number pupae 
but those not having sediments, having the nearest tree further than 
180 cm and a capacity of <20 liters, decrease significantly the number of 
pupae. In Arauca, hearing about dengue from parents and friends (OR 2.6 
p0.03), report water storage for cooking or cleaning the house (OR 3.2 
p0.001) and have washing machine (OR 1.5 p0.001) was associated with 
household positivity. Containers emptied 4 days or longer, not reporting 
this information and having less than half of the container filled with 
water was associated with a higher number of pupae. The related factors 
to pupal positivity and productivity within households are dependent on 
each environment and attention should be focused on the convergence of 
biological and social forces that drive productivity.

1401
SPACE-TIME CLUSTER ANALYSIS OF DENGUE FEVER 
OCURRENCE AND VECTOR DETECTION BY MOSQUITRAP IN 
SINCELEJO-COLOMBIA

Erwin Camacho Burgos, Merab Manjarrez, Juan Mercado, Pedro 
Blanco
Investigaciones Biomédicas - Universidad de Sucre, Sincelejo, Colombia

Dengue is the most common arthropod-borne viral disease in tropical and 
subtropical areas of the world and one of the most important in terms 
of morbidity, mortality and economic impact. In Colombia, the disease is 
considered a major public health problem. The main strategy to control the 
disease worldwide remain in the vector control and surveillance however, 
low correlation have been described between the infestation levels from 
different surveillance methods and the risk of dengue transmission. In 
the present study we describe a space-time cluster analysis of the dengue 
occurrence and the vector abundance in the city of Sincelejo-Colombia, 
in addition to infection rate estimations with dengue virus (DENV) in the 
mosquitoes. From May to August 2014, dengue vector Aedes aegypti 
was captured bi-weekly by MosquiTRAPs in seven districts of Sincelejo 
urban area. Captured mosquitoes were used for DENV detection and 
typing by RT-PCR. Space-time scans with SaTScan software, were used for 
detection of dengue cases and vector abundance clusters. Intersections 
were detected with Dengue cases and vector clusters, suggesting specific 
risk areas within district 5 of the city. District 5 captured mosquitoes 
represented 20.76% of the total amount of vectors, which is the highest 

percentage compare to the other districts. The general minimum infection 
rate was 24.4 per 1000 mosquitoes, but the highest value was estimated 
in district 5 with 32.1 per 1000 mosquitoes. All four serotypes were 
detected with DENV-3 (63%) as the most frequent. The simultaneous 
circulation of DENV serotypes and the high vector abundance within a 
specific zone suggest that this could potentially be a hotspot for dengue 
transmission in the city.

1402
SPATIO-TEMPORAL MECHANISMS OF COEXISTENCE IN 
URBAN MOSQUITOES

Megan E. Saunders1, Shannon LaDeau2, Paul T. Leisnham1

1University of Maryland, College Park, College Park, MD, United States, 
2Cary Institute of Ecosystem Studies, Millbrook, NY, United States

Competitive asymmetry is the expected outcome of interspecific 
competition among mosquito species that utilize water-filled containers. 
But inconsistent with the expectations of competitive exclusion, mosquito 
species often co-occur with superior competitors within the same 
individual container in urban areas. Understanding the mechanisms 
behind species coexistence can provide insight into processes governing 
vector distributions and guide public health management efforts. Several 
important vector species, including Culex pipiens, Cx. restuans, and 
the competitively superior invasive Aedes albopictus, coexist across 
neighborhoods that vary in socio-economic status (SES) in southwest 
Baltimore, Maryland. We tested predictions that temporal and spatial 
habitat segregation fosters coexistence of these species. Oviposition cups 
were deployed every three weeks in four neighborhoods of differing SES 
in Baltimore between May and November of 2014. Ae. albopictus, Cx. 
restuans, and Cx. pipiens constituted 80.4%, 10.9%, and 7.9% of the 
61,534 total mosquito larvae collected, respectively. Coexistence of two 
or more species was seen in 19.9% (n=627) of ovicups. Abundances of 
both Ae. albopictus and Cx. pipiens peaked in late summer, whereas 
Cx. restuans abundances peaked in early summer. Aedes albopictus 
abundances in the highest SES neighborhood were approximately half that 
of the other three neighborhoods, while Cx. pipiens abundances varied 
among neighborhoods. Culex restuans abundances in the two highest 
SES neighborhoods were twice that of the two lower SES neighborhoods. 
These results suggest that both spatial and temporal habitat segregation 
may foster coexistence of Culex species with Ae. albopictus in southwest 
Baltimore, but the mechanism of coexistence (spatial vs. temporal) varies 
between species, even though they are ecologically similar. SES may affect 
abundances of all species through changes in larval habitat types. The 
coexistence of Ae. albopictus with at least one Culex species likely have 
real implications for disease risk and transmission due to differences in 
adult biting behaviors.

1403
EFFECT ON AEDES AEGYPTI FEEDING BEHAVIOR FOLLOWING 
PRE-EXPOSURE TO DEET

Victor A. Sugiharto1, John P. Grieco2, Michael J. Turell3, Edgar D. 
Rowton4, Michelle G. Colacicco-Mayhugh5, Cara H. Olsen1, V. Ann 
Stewart1, Nicole L. Achee2

1Uniformed Services University of the Health Sciences, Bethesda, MD, 
United States, 2Department of Biological Sciences, Eck Institute for 
Global Health, University of Notre Dame, Notre Dame, IN, United States, 
3Department of Vector Assessment, Virology Division, U.S. Army Medical 
Research Institute for Infectious Diseases, Fort Detrick, MD, United States, 
4Division of Entomology, Walter Reed Army Institute of Research, Silver 
Spring, MD, United States, 5Preventive Health Services Department, 
Medical Education and Training Campus, Fort Sam Houston, TX, United 
States

DEET is the most widely used topical insect repellent in the world. 
Substantial evidence has documented DEET to provide effective protection 
against mosquito bites. Despite its substantial use, the exact mechanism 



429

astmh.org

of action of DEET has yet to be fully elucidated. Moreover, reports from 
experimental studies indicate that mosquitoes can become less responsive 
to the chemical, thereby being less repelled. Either a genetic change or 
direct learning/habituation could be responsible for this altered sensitivity. 
As such, it is important to determine if previous exposure to DEET can alter 
mosquitoes’ subsequent attempts at blood-feeding behavior. Here we pre-
exposed cohorts of Aedes aegypti mosquitoes to various concentrations 
of DEET (0.10%, 0.12%, 0.14%, and 0.16%) or to ethanol as a control 
for a standard time period. The mosquitoes were then provided a blood 
meal source either immediately following exposure or after defined 
holding periods (one, three, six, and 24 hours post DEET exposure). The 
landing and probing rates were recorded every 30 seconds for the first 
five minutes and the engorgement level was assessed at the end of the 20 
minutes blood feeding time. Results indicate that the mosquitoes that had 
been pre-exposed to DEET displayed no difference in landing and probing 
rates compared to mosquitoes that were pre-exposed to ethanol. However, 
0.16% DEET caused test mosquitoes to imbibe significantly (van Elteren’s 
test P-value < 0.05) less blood as compared to the control population. 
This effect was observed in mosquito cohorts held for one, three, and 
six hours after exposure but disappeared when the test mosquitoes 
were allowed to blood feed at 24 hours post DEET exposure. Findings 
from this study indicate that DEET exposure can alter the ability of Ae. 
aegypti mosquitoes to imbibe blood to engorgement up to six hours post 
exposure. As the landing and probing rates were not affected, this result 
suggests that there is a possibility of short term increased vector capacity 
following DEET exposure that needs to be further evaluated.

1404
DOG HEARTWORM (DIROFILARIA IMMITIS) EXTRINSIC 
INCUBATION, MOSQUITO ECOLOGY, AND PUBLIC 
KNOWLEDGE: OPPORTUNITIES FOR IMPROVED MESSAGING 
AND RISK MANAGEMENT

Nicholas Ledesma1, Phillip E. Kaufman2, Rui-De Xue3, Laura C. 
Harrington1

1Cornell University, Ithaca, NY, United States, 2University of Florida, 
Gainesville, FL, United States, 3Anastasia Mosquito Control District, St. 
Augustine, FL, United States

We present Dirofilaria immitis in a broad context of its extrinsic 
incubation period, vector ecology, and community impact. Aedes 
aegypti were infected with D. immitis to monitor extrinsic incubation 
period under temperature fluctuation near and above the D. immitis 
development threshold, 14°C. Infected mosquitoes were kept at 19 ± 9°C, 
22 ± 4°C, 26 ± 4°C, and compared with constant temperature controls. 
D. immitis stages were identified under dissection and L3 development 
was compared between treatments. The ability of the standard Heartworm 
Development Unit (HDU) model to predict L3 development was tested 
against our novel hourly temperature model. L3 development differed 
between fluctuating and constant temperature treatments. HDU models 
underestimated L3 stage development at temperatures fluctuating 
around 14°C; hourly temperature models more accurately predicted L3 
development. We then performed a community-level study to analyze 
vector species, infection rate, and residents’ knowledge, attitudes, 
and practices in two counties of historical high and low D. immitis 
prevalence. Questionnaires regarding mosquito-borne disease and 
heartworm prevention were administered to consenting adults (n=100), 
and their yards were surveyed for mosquito breeding sites and larvae. 
Adult mosquitoes were collected in both communities for the duration 
of the study. Mosquito larvae and adults were identified, and D. immitis 
prevalence in adult mosquitoes was determined by PCR. Many residents 
(59.4%) were unaware that mosquitoes transmit D. immitis; most owners 
(71.2%) administered heartworm preventive to their pets; and most non-
compliant owners were unaware of the risk or decided that preventive was 
unnecessary. Mosquito species diversity was used to determine the role 
of key vector species in each community. We propose an updated model 
for spatiotemporal determination of dog heartworm risk, and describe a 

comprehensive approach to evaluate D. immitis vector and transmission 
dynamics in residential habitats. We use residents’ responses to identify 
areas for improved messaging by public health officials and veterinarians.

1405
DISTRIBUTION AND SPECIES COMPOSITION OF THE 
ANOPHELES CRUCIANS COMPLEX IN SOUTH GEORGIA, USA

Eric W. Chambers, Richard West, Corey D. Anderson, Mark S. 
Blackmore
Valdosta State University, Valdosta, GA, United States

Anopheles crucians Wiedmann (sensu lato) is an anopheline species 
complex that is distributed broadly across North America, Central America, 
and the Caribbean. It is a potential vector of Plasmodium falciparum 
and Plasmodium vivax, as well as a potential vector of several arboviruses 
including EEE, VEE, SLE, WNV, and Tensaw virus. It has also been 
implicated as a vector of Dirofilaria immitis, a filariod nematode that is a 
serious veterinary health problem among canines. Although the members 
of this species complex are morphologically indistinguishable as adults, 
it is possible to assign individuals at the species level within the complex 
using a previously described polymerase chain reaction (PCR) assay based 
on amplification of the internal transcribed spacer 2 region (ITS2). An 
understanding of species composition and distribution could be critical 
in elucidating the role that this complex may play as a disease vector 
as it is possible that each member of this complex may exhibit unique 
ecological and behavioral traits. Here we describe our initial efforts to 
determine the distribution and composition of the An. crucians complex 
within a community in the Southeastern United States. We employed 
PCR amplification of the rDNA ITS2 sequence to differentiate over 200 
individuals from the An. crucians complex collected from 10 different 
sample locations in Lowndes county GA, USA. We observed individuals 
of this complex in sympatry in five of ten locations throughout the county 
with several of these locations exhibiting three of the species (A, C, D) 
in sympatry. Spatial and temporal distributions of members within this 
complex were explored. This work represents a first step in understanding 
An. crucians ecology in the state of Georgia. An understanding of species 
distribution and vector competence within the An. crucians complex 
could allow for the development of improved vector control strategies.

1406
DENGUE VACCINE INITIATIVE PROJECT: BURDEN OF DENGUE 
FEVER IN CHILDREN AND ADULTS OF PIEDECUESTA - 
SANTANDER, COLOMBIA

Mabel Carabali1, Jacqueline K. Lim1, Diana Palencia2, Kang Sung 
Lee1, Jung Seok Lee1, Anyela Lozano2, Victor M. Herrera2, Elsa 
Rojas2, Luis Angel Villar2

1International Vaccine Institute, Seoul, Republic of Korea, 2Clinical 
Epidemiology Unit, Universidad Industrial de Santander, Bucaramanga, 
Colombia

Dengue infection is a major public health problem in Colombia, likely to 
be interested in early adoption of dengue vaccines. The largest dengue 
outbreaks in the past decade were in 2010 and 2013 with incidences of 
587.7 and 473.2 cases per 100,000 inhabitants, respectively. Santander 
is a state in the northeastern Colombia, with significantly high incidence 
reported in 2013 as 979 cases per 100,000 inhabitants. In preparation 
for the upcoming dengue vaccine introduction, Dengue Vaccine 
Initiative (DVI) and the Universidad Industrial de Santander conduct the 
passive facility-based surveillance with a cost-of-illness (COI) survey to 
determine the true burden of dengue fever in Piedecuesta, Santander in 
Colombia. The passive fever surveillance was launched in August 2014 
in the public hospital and the private clinic of Piedecuesta. From febrile 
patients between 1-55 years-of-age from the Piedecuesta area, acute and 
convalescent blood samples were collected 10-21 days apart. All subjects 
were tested using a rapid test (NS1/IGM/IgG) and IgM/IgG Capture ELISA. 
Subjects with dengue positive results on any of the tests were further 
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tested with RT-PCR. Since the launch, there were 407 subjects enrolled as 
of February 2015, from which 175 (43%) were found to be positive on the 
rapid test for dengue. About half (53%) of the subjects were female and 
60% were under 24 years-of-age. From the sub-sample with complete 
lab-results (n=255) up to February, we have 130 (51%) subjects confirmed 
with dengue, including 66 (51%) primary and 64 (49%) secondary 
infections. Among the 130 cases with dengue confirmation, 93 (71.5%) 
were clinically diagnosed with dengue, 21 (16.2%) with severe dengue 
(DHF), and the rest with undifferentiated fever. Among 175 patients with 
NS-1 positive results, 99 patients agreed to participate in our COI survey. 
Once the needed sample size of 150 cases is reached, data analysis will 
begin and more data will be available for presentation by October, 2015. 
The data generated on dengue disease burden in Colombia would aid 
the policy makers for their decision making for upcoming dengue vaccine 
introduction in the country.

1407
STUDY OF ANTI-ENVELOPE ANTIBODIES IN POLYCLONAL 
SERA AFTER PRIMARY DENGUE VIRUS INFECTION

Chih-Yun Lai1, Wen-Yang Tsai1, Allison Imrie2, Wei-Kung Wang1

1JABSOM, University of Hawaii at Manoa, Honolulu, HI, United States, 
2School of Pathology and Laboratory Medicine, University of Western 
Australia, Perth, Australia

The four serotypes of dengue virus (DENV) cause the most important and 
rapidly emerging arboviral diseases in humans. The envelope (E) protein 
is the major target of neutralizing antibodies (Abs). Previously, we and 
others reported that a significant proportion of anti-E Abs after primary 
DENV infection are cross-reactive to other flaviviruses, known as flavivirus 
group-reactive (GR), and recognize the highly conserved fusion loop 
residues of E protein. However, the characteristics of type-specific (TS) 
anti-E Abs, which is believed to account for the monotypic neutralization 
activity after primary infection, remain largely unknown. In this study, we 
investigated anti-E Abs in 10 individuals who experienced primary DENV1 
infection during the 2001 outbreak in Hawaii. Depletion of cross-reactive 
Abs including complex-reactive (CR) and GR Abs did not affect the DENV1 
neutralizing activities, whereas depletion of DENV1 TS Abs greatly reduced 
the DENV1 neutralization activities. Based on the endpoint titers to virion-
ELISA after depletion, TS Abs were found to constitute 16% to 41 % of 
anti-E Abs and account for the TS neutralizing activity after primary DENV 
infection. In addition, the requirement of virions rather than solubilized E 
protein alone to deplete the neutralizing activities suggests the importance 
of neutralizing epitopes present on virions, which is in agreement with 
recent reports of potent TS neutralizing Abs recognizing quaternary 
epitopes on virions. These findings add to our understanding of antibody 
responses after primary DENV infection and have implications for dengue 
vaccine development.

1408
EVALUATION OF HUMORAL AND INNATE RESPONSES 
FOLLOWING A LIVE ATTENUATED DENGUE VACCINE IN 
FLAVIVIRUS-EXPERIENCED VOLUNTEERS

Sean A. Diehl1, Kristen K. Pierce1, Erick Maclean1, Tess Solomon1, 
Benjamin D. McElvany1, Ellen A. Fraser1, Marya P. Carmolli1, 
Adrienne P. Jarvis1, Gillian Naro1, Catherine J. Larsson1, Cassandra 
Ventrone1, Cecelia Tibery2, Dorothy Dickson1, Janece Lovchik2, 
Matthew Jo2, Tama Grier2, Beulah Sabundayo2, Stephen S. 
Whitehead3, Anna P. Durbin2, Beth D. Kirkpatrick1

1University of Vermont, Burlington, VT, United States, 2Johns Hopkins 
School of Public Health, Baltimore, MD, United States, 3National Institute 
of Allergy and Infectious Diseases, Bethesda, MD, United States

The four mosquito-borne dengue viruses (DENV1-4) collectively cause 
nearly 100 million symptomatic dengue infections annually worldwide. 
Current dengue vaccine development is focused on tetravalent candidates 
that elicit a balanced immune response against all four serotypes since all 

cause disease but with unpredictable circulation patterns. In the United 
States, live attenuated tetravalent dengue vaccine (LATV) candidates 
with 3’ UTR deletions developed at NIAID have been tested primarily in 
flavivirus-naïve (FV-) individuals. Since areas endemic for dengue and 
other flaviviruses are of importance for LATV use, we evaluated the 
safety and immunogenicity of a candidate, TV003, in healthy flavivirus-
experienced (FV+) individuals. Neutralizing antibody responses to three 
of four DENV serotypes after a single dose of TV003 were significantly 
higher in FV+ subjects compared to FV- subjects. Interestingly, post-
TV003 titers in individuals presenting as FV+ due to yellow fever (YF) 
vaccination were similar or greater to those in subjects who were FV+ due 
to prior vaccination with monovalent live attenuated dengue candidates 
or through prior apparent natural exposure. In both groups, a second 
dose of LATV within 6 months did not boost neutralizing antibody titers. 
These results are consistent with a cross-flavivirus anamnestic memory 
akin to what has been described for Japanese encephalitis virus and 
YF vaccinations. The basis for anamnestic flavivirus memory is not well 
understood. We hypothesize that the early plasmablast response to 
TV003 may differ in both kinetics and magnitude in FV+ compared to FV- 
subjects. Since early innate immunity plays a key role in establishing robust 
humoral responses to vaccination, we monitored blood cell differentials 
in FV+ and FV- subjects after a single dose of TV003. While neutrophils 
dropped after TV003 in FV- subjects, these cells remained stable after 
TV003 administration to FV+ subjects. Both phenotypes tracked with a 
select subset of serum cytokines. These results introduce new parameters 
that can be used to monitor LATV immunogenicity in addition to serum 
neutralizing antibodies.

1409
EBOLA VIRUS DISEASE PREPAREDNESS AND RESPONSE 
STRATEGIES IN ETHIOPIA AND LESSONS LEARNED FROM 
WEST AFRICAN COUNTRIES

Netsanet H. Dadi1, Mesfin T. Manyazewal2
1Menilik II Referral Hospital, Addis Ababa, Ethiopia, 2Ethiopian Public 
Health Institute, Addis Ababa, Ethiopia

Shocking the world Ebola virus disease has claimed more than 10,000 
lives during the current epidemic in West Africa making it the deadliest 
outbreak since Ebola was discovered in 1976. Evidently it has a global 
repercussion and response to contain spread of the epidemic .On 8 August 
the World Health Organization declared Ebola outbreak as a public health 
emergency of global Concern. The Ebola outbreak in West Africa is 
unprecedented in terms of its geographical scope. It began in Guinea in 
early 2014 and quickly spread to the neighboring countries. Inadequate 
health infrastructure and overall fragile health system has fuelled rapid 
spread of the outbreak in West Africa. The severity of the outbreak is 
exacerbated by lack of understanding about the disease by communities 
and lack of experience among health-care workers .Lack of adequate 
treatment facilities, rumor, fear and stigma has in turn led families to keep 
sick patients at home, risking further spread of the virus. Resistance to 
proposed response measures as well as traditional burial practices further 
aggravated high transmission of the outbreak with devastating economic 
and livelihood implications. Ethiopia by the virtue of its geographic 
position and being political capital of Africa and being a major transport 
hub in the east Africa region is very prone to the deadly virus due to 
importation from Ebola riddled countries. Hence it has swiftly enhanced 
its domestic preparedness to respond in a predictable manner in the event 
of Ebola outbreak .It has employed state of the art screening measures 
at main entry ports and has also been engaged in fighting the outbreak 
at its source by sending medical teams to Ebola-stricken nations. This 
paper reviews the current Ebola preparedness and response strategies in 
Ethiopia, challenges and crucial lessons learnt from West African countries 
and map out the strategies that are in place for improvement preventing 
future outbreaks.
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1410
EXPRESSION OF NKG2D AND DNAM-1 LIGANDS DURING 
DENGUE INFECTION IN VITRO

Davis A. Beltran1, Arcelys Pitti1, Simona Zompi2, Yamilka Diaz1, 
Eva Harris3, Lewis Lanier2, Sandra López-Vergès1

1Gorgas Memorial for Health Studies, Panama City, Panama, 2University of 
California San Francisco, San Francisco, CA, United States, 3University of 
California Berkeley, Berkeley, CA, United States

The first response against dengue virus (DENV) infection is regularly 
mediated by the innate immune response. Natural Killer (NK) cells are an 
important cell population that could be implicated in the response during 
the early stage of DENV infection, controlling DENV replication, resulting 
as a mild manifestation of the disease. NK cells usually recognize the 
surface of infected cells coated by antibodies using its CD16 receptor, and 
therefore capable of performing antibody dependant cytotoxicity (ADCC). 
However in vitro experiments suggest that they are also capable of direct 
recognition of DENV-infected cells in the absence of antibodies. Ligands 
of NK cells activating receptors such as NKG2D receptor could be induced 
during early establishment of DENV infection. A role of NKG2D and its 
ligands in DENV immune response is supported by genetic studies that 
showed the association of some alleles of MICB and MICA, two NKG2D 
ligands, and dengue disease severity. To verify if the ligands of some NK 
activating receptors, like NKG2D and DNAM-1, were altered by DENV 
infection, we performed in vitro experiments in which immature dendritic 
cells derived from peripheral blood monocytes from healthy volunteer 
donors were infected with a DENV-2 isolate from Panama. Expression 
of mRNA of NKG2D and DNAM-1 ligands was assessed by qPCR in non 
infected cells versus infected cells at 24 hours and 48 hours post infection. 
All currently described NKG2D (ULBP 1-6, MICA and MICB) and DNAM-
1 (PVR and Nectin2) ligands were included in our analysis. Expression 
of surface protein ligands was evaluated by flow cytometry. Preliminary 
assays of Lamp1 expression as a marker of degranulation and intracellular 
IFNɣ production were also evaluated. Our preliminary results suggest that 
NKG2D and DINAM-1 ligands are induced during DENV infection in vitro, 
the mechanisms of induction are yet to be identified and that this could 
allow for recognition of infected cells by NK cells.

1411
ASSESSMENT OF THE AGE-SPECIFIC BURDEN OF DENGUE IN 
MIRPUR, DHAKA: A CROSS SECTIONAL STUDY

Marya P. Carmolli1, Rashidul Haque2, Mohammad Shafiul Alam2, 
Mohammad Golam Kibria2, Dorothy M. Dickson1, Elizabeth R. 
Colgate1, Caroline E. Lyon1, Sean Diehl1, Firdausi Qadri2, Kristen K. 
Pierce1, Beth D. Kirkpatrick1

1University of Vermont, Burlington, VT, United States, 2International Centre 
for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh

Dengue is the most significant mosquito born virus world-wide, with over 
two billion persons at risk for infection. In the summer of 2000, the first 
outbreak of 5000 cases dengue fever (serotype 3) occurred in Dhaka, 
Bangladesh. Since this outbreak, dengue fever has had a continued 
presence throughout Bangladesh. While previous studies have found 
that seroprevalence of dengue in Dhaka is currently approximately 80% 
in adults, the details of circulating serotypes and age at infection remain 
unknown. These data are necessary to assess the need and strategy for 
the introduction of dengue vaccines in Bangladesh, in particular into the 
extremely densely populated city of Dhaka (12 million persons). Specifically, 
this study determines the age-specific seroprevalence of dengue, the 
currently circulating serotypes, and quantitative neutralizing antibody titers 
in Mirpur, a densely-populated area of Dhaka. A cross sectional design 
is employed enrolling 700 individuals in four separate age categories: 6 
month to 4 years, 4-10, 11-17, and 18-60 years. Individuals are randomly 
selected from household census and information on dengue risk exposure 
is obtained through a structured questionnaire. Dengue prevalence, 
serotype and antibody titer will be determined. Dengue seroprevalence 

is determined by IgG/IgM antibody testing; serotype and antibody level is 
determined by Plaque Reducing Neutralizing Antibody Titer (PRNT) assay. 
Differences in antibody titer among circulating serotypes and age strata 
will also be analyzed by analysis of variance methods according to the 
data distribution. Knowledge of which dengue serotypes are circulating in 
Dhaka, confirmation of previous exposure by age and intensity of infection 
will help determine burden of disease and guide safe introduction of a 
tetravalent live attenuated dengue vaccine in this population.

1412
NS1 CAPTURE ELISA WITH A SERUM HEAT DENATURATION 
STEP TO IMPROVE TEST SENSITIVITY IN PERSONS WITH 
SECONDARY DENGUE VIRUS INFECTION 

Tesfaye Gelanew, Elba Caraballo, B. Katie Poole-Smith, Elizabeth 
Hunsperger
Centers For Disease Control and Prevention, San Juan, PR, United States

 There is no licensed effective vaccine or anti-viral drug against dengue, 
and early diagnosis is important means to improve patient care as well as 
improve public health surveillance. The detection of dengue virus (DENV) 
non-structural protein 1 (NS1) in serum is widely used for the diagnosis 
of suspected dengue, worldwide. One of the limitations of the NS1 test 
is the reduced sensitivity in secondary DENV infections. Immune complex 
formation between DENV NS1 antigen and anti-DENV NS1 IgG antibodies 
is thought to be the cause for the decreased sensitivity of commercially 
available NS1 antigen capture enzyme-linked immunosorbent assays 
(ELISAs) observed in secondary DENV infections. Heat treatment of 
the serum sample could release complexed NS1 antigen by irreversible 
denaturation of antibodies and may improve the sensitivity of NS1 
detection assays. However, this requires an assay that captures and detects 
heat-denatured NS1antigen. We have developed a NS1 capture ELISA 
using two serotype-cross-reactive, anti-NS1 monoclonal antibodies (MAbs) 
that bind specifically and efficiently to the heat-denatured DENV NS1. 
The performance of this assay was evaluated in a small panel of serum 
samples from patients with secondary DENV infection (n=15) and dengue 
negative cases (n=20), with and without heat treatment. Notably, heat 
treatment increased the optical density (OD) at least three-fold in dengue-
positive serum samples and there was no increased OD in dengue-negative 
serum samples. Additionally, a considerable higher OD value was observed 
following heat treatment of artificially formed NS1-rabbit anti-DENV NS1 
immune complexes compared to untreated ones. These findings suggest 
that our NS1 capture ELISA can be used to improve dengue diagnosis 
especially in patients with secondary DENV infections. Further evaluation 
of this assay in large panel of clinical samples is currently undergoing.

1413
DENGUE COHORT STUDY, ARARAQUARA, BRAZIL, 2015, 
BASELINE SEROPREVALENCE

Expedito J. Luna1, Gerusa M. Figueiredo1, Jose E. Levi1, Walter M. 
Figueiredo2, Angela A. Costa2, Sergio R. Campos1, Alvina C. Felix1, 
Ana C. Souza1, Nathalia C. Souza1, Maria R. Cardoso1, Claudio S. 
Pannuti1
1Universidade de Sao Paulo, Sao Paulo, Brazil, 2Universidade de Sao Paulo, 
Araraquara, Brazil

The number of reported cases does not fully represent the dengue 
burden. Access to health care, misdiagnosis and underreporting are 
factors that may influence dengue cases reporting. More accurate data 
on incidence are needed to support the evaluation of novel control 
strategies. A cohort study to assess the incidence of dengue among 
children and adolescents, from 2 to 16 years of age, in a low endemic 
setting has started in August, 2014. Data on the baseline seroprevalence 
will be addressed here. A random sample of children and adolescents was 
selected from the population of Araraquara, a city in Central-Western São 
Paulo State. Home visits were made to the families of selected children, 
to present the study and invite them to participate. The ones who agreed 
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to participate signed an Informed Consent Form. An interview on socio-
demographic characteristics was carried out and blood samples from the 
selected children were drawn for dengue baseline serology. Dengue IgG 
antibodies were tested by enzyme-linked immunosorbant assay (ELISA). 
Families are being contacted weekly for fever surveillance. Fever cases 
are submitted to dengue diagnosis tests. 3,514 children and adolescents 
agreed to participate in the study. 50.5 % are girls. Their mean age is 7.9 
years of age. The distribution according to age groups is 27.6% from 2 
to 4 years of age; 36.7% from 5 to 9; 22.7% from 10 to 13; and 12.9% 
from 14 to 16. The baseline prevalence of IgG antibodies was 15.2%. 
There was no difference in prevalence according to gender. Regarding 
age groups, there was no difference in prevalence among the younger 
groups (from 2 to 13 years of age). Prevalence in the age group 14 - 16 
was higher (18.6%), when compared to the younger group (p = 0.047). 
Despite the observed dengue transmission since 2000 in Araraquara, the 
seroprevalence among children and adolescents remains low. Surprisingly 
there was no increase in prevalence from 2 to 13 years of age, as observed 
in hyperendemic settings in Brazil. The state of São Paulo is facing its 
largest dengue epidemic ever in the 2015 transmission season. The follow 
up of the cohort will allow the assessment of incidence, as well as changes 
in prevalence.

1414
SPATIAL-TEMPORAL PATTERNS OF DENGUE AND 
CHIKUNGUNYA TRANSMISSION IN APARTADO, ANTIOQUIA, 
COLOMBIA. A PILOT CLUSTER STUDY

Catalina Alfonso-Parra, Berta N. Restrepo Jaramillo, Wilber 
Gomez, Leidy D. Piedrahita
Instituto Colombiano de Medicina Tropical, Sabaneta, Colombia

Dengue and Chikungunya are two important arboviruses in tropical 
and subtropical urban and semi-urban areas. Of these arboviral threats, 
dengue is considered the most important, affecting an estimated 390 
million people per year, with 500,000 episodes of severe dengue and 
>20,000 dengue related deaths. In Antioquia, department of Colombia, 
26,027 cases of dengue were reported in 2010, 300 of which resulted 
in hemorrhagic fever. Chikungunya is now a threat in the Americas_as 
of January 2015, >1,135,000 suspected cases have been recorded in the 
Caribbean, Latin America and the United States. In Colombia, 249,013 
cases have been confirmed since September 2014. Transmission of the 
dengue and chikungunya viruses is determined by factors related to their 
hosts, virus biology, their vectors (Aedes aegypti and Ae. albopictus) 
and the environment. With no effective vaccine and no treatment for 
dengue or chikungunya, control of these diseases is focused on suppresing 
their mosquito vector populations through environmental managment 
strategies and insecticide use. Examining patterns of viral transmission, 
and the factors that cause those patterns, will improve disease prevention 
and surveillance, ultimately reducing the burden of human infection. To 
gain insight into the patterns of dengue and chikungunya infection and 
the behavior of their vectors, we are conducting a pilot study of viral 
transmission in neighborhood clusters in Apartado, Antioquia, Colombia, a 
population endemic for dengue. This clustering method allows for the fine 
resolution of viral transmission dynamics within small geographic spaces 
during a short temporal scale. Data on human and mosquito infection, 
mosquito density and biometrics will be shown. These results will 
contribute to our knowledge of spatial-temporal patterns of dengue and 
chikungunya transmission, as well as the demographic and entomologic 
factors important for the spread of the virus. Our goal is to aid the local 
government in planning and applying strategies for vector and disease 
control.

1415
ESTIMATING THE SUPPLY AND DEMAND OF A BUTANTAN 
DENGUE VACCINE USING DIFFERENT INTRODUCTION 
STRATEGIES IN BRAZIL

Cristina R. Garcia1, Marta Wilson-Barthes1, Giovanini E. Coelho2, 
Carla Domingues3, Dagna Constenla4

1Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States, 2National Dengue Control Program, Ministry of Health, Brasilia, 
Brazil, 3National Immunization Program, Ministry of Health, Brasilia, Brazil, 
4Johns Hopkins Bloomberg School of Public Health and Dengue Vaccine 
Initiative, Baltimore, MD, United States

We modeled the vaccine demand, total implementation costs, and 
economic impact of Butantan’s one-dose tetravalent dengue vaccine in 
Brazil for different introduction strategies in Brazil, using an integrated 
model approach. Input parameters on vaccine pricing, production capacity, 
introduction strategies, and related costs were derived from local Brazilian 
stakeholders. Country-specific epidemiological data were obtained from 
disease reporting systems. Thirty-year population projections were made 
with Brazil adopting by 2019. Brazil’s highest dengue burden is among 
adults 19-46 years, and strategies targeting adults and children were 
modeled based on existing immunization age groups. Initial strategies 
targeting all ages or ≥18 year olds exceeded capacity and were considered 
not feasible. The demand for strategies targeting children ≤18 years was 
within capacity, but for adults 18-59 years, demand exceeded capacity 
by year 2024 except when stratifying by ages 19-31 (93.4M) and 31-
46 (96.2M). At $5 per dose, the average annual cost of introduction 
ranged from $21.1-405.8M in the first 10 years to $52.6-810.4M in the 
last 10 years. The most affordable scenario was children aged 1-2 years, 
but this scenario had little disease burden impact (34% case reduction 
in last 10 years). Stakeholders prioritized vaccinating ages 7-60 years in 
the first 3 years followed by routine immunization in ages 2-6 years, but 
the expected capacity can only meet 76% of the demand over the first 
3 years. Focusing on ages 2-46 years and staggering introduction over 
the first 5 years was feasible and had the greatest impact on reducing 
cases (90%) and deaths (79%) and on treatment cost savings (84%). 
Vaccinating adults followed by children yields the greatest vaccine impact. 
Vaccine price, introduction strategies, age, and production capacity are 
major drivers of the demand and require consideration when deciding 
vaccine introduction. Dengue vaccine has the potential to reduce cases 
and associated costs substantially based on various introduction scenarios.

1416
TRANSPLANTATION OF A COMPLEX QUATERNARY 
ANTIBODY EPITOPE FROM DENV3 INTO DENV4 REVEALS 
DETERMINANTS OF SEROTYPE-SPECIFIC NEUTRALIZATION 
AND DETAILS OF THE HUMORAL RESPONSE TO DENGUE 
INFECTION IN NON-HUMAN PRIMATES

Douglas G. Widman1, Scott R. Royal1, Jesica A. Swanstrom1, 
Boyd L. Yount1, Petraleigh Pantoja2, Idia V. Rodriguez2, Aravinda 
M. de Silva1, Carlos A. Sariol2, William B. Messer3, Ralph S. Baric1

1University of North Carolina Chapel Hill, Chapel Hill, NC, United States, 
2University of Puerto Rico, San Juan, PR, United States, 3Oregon Health 
and Science University, Portland, OR, United States

Despite an incidence of nearly 400 million infections per year, no 
approved therapeutics or vaccines exist to treat or prevent dengue 
virus (DENV) infection. Vaccination against DENV is complicated by the 
existence of 4 serotypes. Infection with one serotype does not confer 
immunity against heterologous serotypes. In fact, people exposed to 
secondary infections have an increased risk of severe disease thought 
to be a result of antibody-dependent enhancement of infection and 
aberrant cellular immune responses to the initial infecting serotype. As 
such, vaccination must induce a balanced protective response to all 4 
serotypes simultaneously. To date this has been a challenge leading live-
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attenuated tetravalent vaccine candidates have struggled with, indicating 
that new vaccine strategies may be needed. We recently reported on 
the discovery of a potent DENV3 human mAb (5J7) that recognizes a 
complex quaternary epitope present on the DENV3 virion. Using reverse 
genetics and structure-guided modeling, we have transplanted increasingly 
larger regions of the DENV3 mAb footprint into DENV4, to generate 3 
recombinant DENV (from smallest transplant to largest: DENV4 M12, 
M14, and M16). These 3 rDENV4 were viable and demonstrated slight 
to moderate attenuation in cell culture systems. Importantly, the DENV3 
mAb 5J7 bound and neutralized both DENV4 M14 and M16, indicating 
successful transplantation of the DENV3 epitope. Immune sera from 
people exposed to primary DENV4 and DENV3 neutralized DENV4 M14 
and M16, demonstrating bivalent neutralization sensitivity of these viruses. 
Neutralization sensitivity was specific as DENV1 and DENV2 antisera did 
not neutralize rDENV4 M14 and M16. Inoculation of Rhesus macaques 
with DENV4 M14 or M16 resulted in detectible serum viremia in 3 of 4 
animals receiving M14 and 1 of 4 animals receiving M16, and detectible 
DENV-specific IgM and IgG in a subset of animals. Taken together these 
results provide a more complete understanding of the development of 
complex antibody responses following DENV infection and have the 
potential to inform future vaccine design.

1417
GENERATING SUPPLY AND DEMAND ESTIMATES TO INFORM 
DENGUE VACCINE INTRODUCTION IN MEXICO, HONDURAS 
AND EL SALVADOR: A STRATEGIC DEMAND FORECAST

Grace A. Morgan1, Jorge Martin del Campo1, Ali Greenberg1, 
Cristina Garcia1, Marta Wilson-Barthes1, Dagna Constenla2

1Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States, 2Johns Hopkins Bloomberg School of Public Health and Dengue 
Vaccine Initiative, Baltimore, MD, United States

Mexico, Honduras and El Salvador have recently reported growing 
incidence and mortality attributed to dengue hemorrhagic fever in the 
Americas. The growing burden of dengue in these countries has drawn 
attention to the need for an equitable dengue vaccine introduction. 
Currently, there are no studies that quantify the demand and supply of 
the dengue vaccine to inform the value of dengue vaccine introduction in 
Mexico, Honduras or El Salvador. Dengue strategic demand forecasts are 
a valuable decision-making tool that can evaluate the temporal demand 
of dengue vaccination, estimate the purchase costs of vaccination, 
and approximate the funding requirements for the vaccine according 
to different introduction scenarios. This study aims to generate new 
evidence on the potential demand and supply of two dengue vaccine 
candidates in Mexico, Honduras and El Salvador. We adopted an existing 
strategic demand forecast model to assess the potential demand of 
the vaccine candidates and estimate the purchase costs and disease 
impact of this demand in the three countries. Early results from extensive 
stakeholder consultations, including local government policymakers, 
program managers and vaccine researchers, indicate that, for a number 
of different scenarios, average national annual demand could be up 
to 105 million doses (entire endemic area) over 5 years. These levels 
of demand could result in substantial annual revenues over the same 
period. Higher vaccine demand requires increased capacity. Results rest 
on price, supply constraints, and timing of licensure. Governments in the 
three countries can increase their vaccine uptake by strengthening their 
national regulatory systems, expanding their healthcare infrastructure and 
programs to reach high-risk populations, and negotiating vaccine prices. 
Dengue strategic demand forecasts can aid overall strategic planning for 
vaccine introduction in the three countries.

1418
COST OF DENGUE VACCINE INTRODUCTION IN THE 
AMERICAS

Jorge Martin del Campo, Grace Morgan, Marta Wilson-Barthe, 
Cristina Garcia, Dagna Constenla
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States

Planning for introduction of a novel vaccine relies heavily on financial 
considerations related to vaccine price, cost of production, and vaccine 
funding. Seven Latin American countries - Argentina, Brazil, Colombia, 
Ecuador, Mexico, Nicaragua and Venezuela - were selected to estimate 
the implementation cost of the Sanofi Pasteur three dose dengue vaccine 
and the potential financial impact at the national level. An economic 
supply and demand model was used to assess vaccine impact over a 30 
year forecast. Country-specific data on age stratified case rates, treatment 
costs, vaccine coverage, and immunization costs was collected through 
national disease reporting systems and stakeholder interviews. Three 
survey versions were developed to align model inputs with stakeholder 
expertise. A variance range was applied to model parameters to account 
for differences across scenarios. Costs ranged from US$5-$15 per dose 
with the initial introduction strategy targeting children 2-14 year olds 
based on trends in disease burden. Results demonstrate that at highest 
potential price per dose, total cost of introduction to most countries was 
less than US$ 20M in the first three years. Highest cost was seen in Brazil 
and Mexico for the same time frame (US$1B; US$500M). At the lowest 
price per dose of US$5 over 3 years, highest introduction cost was for 
Brazil (US$419M) and less than US$ 2M for remaining countries. Vaccine 
purchasing costs had the highest financial impact in larger countries, 
estimated between US$460-$1370 for Brazil in the first five years and 
US$290-$870 in Mexico. Vaccine price represented the greatest portion 
of total production costs, with a difference of US$1.3 B between a US$5 
per dose and US$15 per dose in the first three years in select countries. 
Understanding the financial requirements of a novel vaccine and the 
economic impact will service in accelerating uptake and increasing future 
health impact.

1419
CONSENSUS-BUILDING TO SUPPORT NOVEL VACCINE 
INTRODUCTION: METHODS AND LESSONS LEARNED FROM 
A STRATEGIC DEMAND FORECAST OF A DENGUE VACCINE 
IN BRAZIL 

Marta Wilson-Barthes1, Cristina Garcia1, Giovanini Coehlo2, 
Dagna Constenla3

1Bloomberg School of Public Health, Johns Hopkins University, Baltimore, 
MD, United States, 2National Dengue Control Program, Federal Ministry of 
Health, Brasilia, Brazil, 3International Vaccine Access Center, Johns Hopkins 
University, Dengue Vaccine Initiative, Baltimore, MD, United States

We present methods used to model vaccine demand of a one-dose 
tetravalent dengue vaccine in Brazil. Understanding the potential 
demand and associated impact of this vaccine will inform introduction 
decisions and strategies. Public sector demand estimates were based on 
demographic, epidemiologic, and vaccine uptake assumptions derived 
from local stakeholder surveys, disease reporting systems and national and 
state-level census data. Using a combination of the above sources along 
with multi-level vetting and validation of model parameters, consensus 
was reached on a number of model parameters, including state-level 
age distribution of cases, vaccine coverage, and appropriate proxy 
vaccines. Consensus depended heavily on the strength of stakeholder 
survey questions and prioritization of stakeholder interests. Other 
factors that contributed to consensus agreement were early stakeholder 
involvement during data collection and participation of stakeholders with 
multidisciplinary backgrounds to reduce stakeholder bias. Disagreement 
remained on parameters related to target population and vaccine price. 
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Immunization program experts supported vaccine introduction through 
routine immunization in 1-2 year olds while vaccine manufacturers 
supported initial introduction in adults 15-49, the population considered 
high risk in Brazil. Disagreement remained regarding the public sector 
vaccine price and their willingness to pay. Where consensus was not 
reached, parameters were varied over multiple model iterations. Estimates 
of dengue vaccine demand are driven largely by supply constraints, 
vaccine price, timing of licensure, vaccine uptake after introduction, and 
population at highest risk for infection. Consensus was the result of a 
collaborative effort between investigators, internal staff, and participating 
stakeholders. Ongoing validation between parties was necessary to ensure 
plausibility of introduction strategies at every stage of analyses. Creating 
consensus around model parameters is critical for an impact study with a 
high level of unknown parameters and informs decision-making processes.

1420
CASE REPORT: ACUTE MYOCARDITIS CAUSE DEATH IN 
DENGUE PATIENT

Jean N. Hernandez
University of Puerto Rico, San Juan, PR, United States

Dengue is a mosquito borne viral disease affecting 50-100 million 
people yearly. Despite global efforts neither an effective vaccine nor 
drug treatment are available. Infection with any of the four dengue virus 
serotypes 1-4 can cause outcomes that range from asymptomatic or mild 
disease to fatal dengue hemorrhagic fever/dengue shock syndrome. Typical 
signs and symptoms associated with most symptomatic infections include 
fever, headache, malaise, and body aches depending of the dengue 
serotype and the host immunological response. Severe manifestations are 
usually associated with subsequent infections and very rarely with first 
dengue infection. A 32 years old female was admitted to the clinic with 
fever, headache, body aches and malaise. No travel history, prior disease 
and no previous history of cardiac disease reported. The patient was 
previously treated at two outpatient health centers with medications to 
ameliorate fever and headache. She was admitted to the emergency room 
with hypotension, headache which increase by the hours, and immediately 
transferred to the Intensive Care Unit. Hypotension 80/60 mmHg of 
BP, cardiac frequency 120/min and breathing 32/min. Broad spectrum 
antibiotic treatment, antimalarial drugs and inotropics was administered 
inmediately. Results revealed Ig M positive reaction for dengue, hematocrit 
41%, and platelets 35,000/ml. An abdominal ultrasound revealed evidence 
of cholecystitis and free liquid in the Douglas compartment, Leptospira test 
negative and smear for malaria negative. A cardiac ultrasound evidenced 
myocarditis and 25% of flow ejection. The patient clinical evolution was 
decreasing and in 36 hours after her admission to the clinic died, with 
multi organic dysfunction.The final diagnosis was myocarditis, pericardical 
effusion, and dengue shock syndrome, as the main cause of death. This is 
the first case of myocarditis due to acute dengue infection reported. It is 
important to educate individuals about the treatment and monitoring of 
vector borne virus disease and is convenient to perform the treatment in 
the same health facilit.

1421
PHYLOGENETIC ANALYSIS OF THE FOUR DENGUE VIRUS 
SEROTYPES THAT HAVE CIRCULATED IN PANAMÁ FROM 
1993 TO 2014

Yamilka Y. Díaz1, Jean Paul Carrera1, Leticia Franco2, Robert Tesh3, 
Sandra Lopez-Verges1

1Gorgas Memorial Laboratory, Panama, Panama, 2Instituto de Salud Carlos 
III, Spain, Spain, 3University of Texas Medical Branch, Galveston, TX, United 
States

After 50 years of absence, Dengue virus (DENV) reemerged in Panama 
in 1993. Until 2014, a total of 55,970 Dengue cases with a case severity 
rate of Dengue Hemorrhagic fever (DHF) of 0.3% and of 48 deaths were 
reported. There is no information about the dynamic of the introduction, 

circulation and phylogenetic of the four serotypes of DENV in Panama. 
Since its reemergence, Dengue is endemic and all of the serotypes 
have circulated, with DENV-4 been reported only in 1999-2001. The 
reintroduction and replacement of serotypes has been associated with 
outbreaks. DENV-2 reemergence was responsible of the 1993 outbreak; 
during 1995 outbreak DENV-1 and DENV-2 co-circulated; in 2011 DENV-
1 and 3 co-circulated and the reintroduction of DENV-2 was associated 
with an increase of the cases and the severity of the disease. Since then, 
DENV-2 is the main serotype in the country with the 90% of the PCR 
detected cases, and was also responsible of the 2013-2014 outbreak. 
Here we present the phylogenetic analysis of representative strains of each 
region of Panama from 1993 to 2014 of all four serotype of DENV and 
analyze the relationship with strains circulating in neighbor countries. We 
sequenced the coding region of the E envelope protein of at least two 
isolates by year of circulation for each serotype: 83 isolates for DENV-1; 
38 for DENV-2; 15 for Denv-3 and 6 for DENV-4. Preliminary results show 
that the isolates of DENV-1 belonged to American/African genotype, 
DENV-2 to Southeast Asian/American genotype and DENV-3 to genotype 
III, DENV-4 isolates are still under analysis. Our data also show that 
the reintroduction of some of the serotypes included the circulation of 
different clades, related with clades circulating in neighbor countries. This 
suggests that because our geographic position, Panama could be a bridge 
between strains circulating in the North, South American and Caribbean 
regions. Future studies will evaluated the phylogeography dynamic of the 
Panamanian Dengue strains in the rest of the American continent to allow 
a better comprehension of the exchange and movements of DENV across 
the continent.

1422
FINDINGS FROM AN ACUTE FEBRILE ILLNESS ENHANCED 
SURVEILLANCE STUDY IN PUERTO RICO

Luisa I. Alvarado1, Aidsa Rivera2, Olga D. Lorenzi2, Gladys 
González2, Doris Andújar-Pérez1, Tyler Sharp2, Janice Pérez-Padilla2, 
Jorge Muñoz2, Elizabeth Hunsperger2, Steve Oberste2, William A. 
Nix2, Elizabeth Henderson2, Renee Galloway2, Mindy Glass Elrod2, 
Demetrius Mathis2, Carlos García-Gubern1, William Santiago1, 
Jesús Cruz-Correa1, Domingo Ortiz3, Gerson Jiménez3, Robert 
Munsosa3, Harold S. Margolis2, Kay M. Tomashek2

1Ponce School of Medicine of the Ponce Health Sciences University/Saint 
Luke’s Episcopal Hospital, Ponce, Puerto Rico, 2Dengue Branch, Division 
of Vector-Borne Diseases, Centers for Disease Control and Prevention, San 
Juan, Puerto Rico, 3Saint Luke’s Episcopal Hospital Guayama, Guayama, 
Puerto Rico

Dengue has been endemic in Puerto Rico for four decades, but little is 
known about other acute febrile illnesses (AFI) on the differential diagnosis 
of dengue. The Sentinel Enhanced Dengue Surveillance System (SEDSS) 
was implemented in two hospitals in southern Puerto Rico. Patients with 
fever or history of fever for <7 days were enrolled and followed through 
their illness. Blood, urine, nasopharyngeal, and oropharyngeal specimens 
were collected at enrollment and tested by RT-PCR and immunodiagnostic 
methods as appropriate for dengue viruses 1-4 (DENV); Influenza virus 
A and B; ten other respiratory viruses (ORV) including adenovirus, 
respiratory syncytial virus, metapneumovirus and parainfluenza viruses 
1 & 3; enteroviruses; Leptospira spp., Burkholderia pseudomallei, 
and chikungunya virus (CHIKV). Of 31,525 AFI patients presenting from 
May 7, 2012 through September 30, 2014, 7,491 (24%) were enrolled. 
Of these, 26% were hospitalized, 50% were female, and the median 
age was 14 years (range: 0-103 years). An etiologic agent was identified 
in 46% (3,510), including DENV (13%), Influenza A or B (12%), ORV 
(10%), CHIKV (9%), enteroviruses (0.8%), Leptospira spp. (0.1%), and 
B. pseudomallei (<0.1%). In addition, 83 co-infections were confirmed 
by PCR, more than forty percent (42%) included DENV. Most (92%) of 
the 718 DENV PCR positive cases were DENV-1. Dengue patients were 
slightly older than other enrolled patients (median age: 15 versus 14 
years, respectively), but younger than influenza patients (median age: 
17 years). Dengue patients were more likely to be admitted than other 
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enrolled patients (OR = 2.89, 95% CI: 2.54-3.33) and influenza patients 
(OR = 3.57, 95% CI: 2.88-4.43). Almost half of all cases had a pathogen 
detected and most were caused by either a DENV, a respiratory virus 
(Influenza or ORV), or an enterovirus. Leptospirosis and melioidosis cases 
were sporadic and focal; study of these diseases may require study sites 
in high risk areas. Reasons for why dengue cases were more likely to be 
hospitalized will be studied further. We expect to use the SEDSS platform 
to conduct clinical research and evaluate current management practices.

1423
HIGH BURDEN OF DENGUE FEVER IN SOUTHERN COASTAL 
ECUADOR: EPIDEMIOLOGY FROM A PROSPECTIVE STUDY IN 
MACHALA IN 2014

Anna M. Stewart Ibarra1, Christine A. King2, Arturo 
Barbachano-Guerro2, Efraín Beltrán-Ayala3, Mercy J. Borbor-
Cordova4, Washington B. Cárdenas5, Cinthya K. Cueva1, Renato 
León6, Julia L. Finkelstein7, Christina D. Lupone1, Saurabh Mehta7, 
Sadie J. Ryan8, Mercy Silva3, Timothy P. Endy1

1SUNY Upstate Medical University, Center for Global Health and 
Translational Science, Syracuse, NY, United States, 2SUNY Upstate Medical 
University, Center for Global Health and Translational Science, Department 
of Microbiology and Immunology, Syracuse, NY, United States, 3Ministry 
of Health, Machala, Ecuador, 4Facultad de Ingeniería Marítima, Ciencias 
Biológicas, Oceánicas y Recursos Naturales, Escuela Superior Politécnica del 
Litoral, Guayaquil, Ecuador, 5Laboratorio de Biomedicina, Escuela Superior 
Politécnica del Litoral, Guayaquil, Ecuador, 6Laboratorio de Entomología 
Médica and Medicina Tropical, Universidad San Francisco de Quito, Quito, 
Ecuador, 7Division of Nutritional Sciences, Cornell University, Ithaca, NY, 
United States, 8Department of Geography and Emerging Pathogens 
Institute, University of Florida, Gainesville, FL, United States

Comprehensive epidemiological studies that integrate passive and active 
surveillance of the dengue virus and vector are needed to inform the 
development of effective local control programs and novel interventions, 
including testing and licensure of new vaccines. Here we report the 
findings from the first year of a prospective study of dengue transmission 
conducted in Machala, Ecuador, a key surveillance site located near the 
Ecuador-Peru border. Individuals who presented with suspected dengue 
fever (index cases) at four sentinel clinics and the central hospital of 
the Ministry of Health were recruited into the study (n=204, mean age 
21y, 48% female). Index cases with acute dengue infection (NS1 rapid 
strip positive) triggered an investigation of dengue cases in the index 
household and four neighboring households (n=329, 9-10 people per 
cluster, mean age 35y, 64% female). The primary endpoint was acute 
dengue infection, indicated by positive NS1 rapid strip, NS1 ELISA, or 
RT-PCR; secondary endpoints were recent secondary (IgG ELISA positive) 
and primary (IgM ELISA positive) dengue infections. Cases were deemed 
febrile if ear temperatures were >37°C. Dengue transmission peaked in 
mid-May following the onset of the hot, rainy season and an increase in 
adult female Ae. aegypti densities; the weekly incidence of acute cluster 
and index cases was significantly correlated (p<0.05). Children 10 to 
14 years of age had the highest burden of dengue. In index cases, the 
prevalence of afebrile and febrile acute dengue infections was 11.1% and 
20.2%; recent secondary and primary infections were detected in 46.1% 
and 57.2% of cases. In cluster cases, the prevalence of afebrile and febrile 
acute dengue infections was 11.8% and 4.4%, with recent secondary 
and primary infections detected in 37.9% and 25.2% of cases. DENV-2 
was the dominant serotype, although all four serotypes (DENV1-4) were 
detected. Findings indicate that there is a high burden of symptomatic 
and inapparent dengue infections in this region, highlighting the need for 
improved surveillance and disease control interventions.

1424
PERSISTENT SYMPTOMS OF DENGUE: SYSTEMATIC REVIEW 
AND ESTIMATES OF THE INCREMENTAL ECONOMIC BURDEN 
IN MEXICO

D. Carolina Tiga1, Eduardo A. Undurraga2, José Ramos-
Castañeda1, Ruth Martinez-Vega3, Yara A. Halasa2, Donald S. 
Shepard2

1Instituto Nacional de Salud Publica, Cuernavaca, Mexico, 2Brandeis 
University, Waltham, MA, United States, 3Universidad Industrial de 
Santander, Bucaramanga, Colombia

Dengue imposes a substantial disease burden to health systems in most 
tropical and subtropical countries worldwide. Symptomatic dengue 
infections are considered as mainly acute illnesses with three phases: a 
1-7 day febrile phase, a critical phase affecting a small share of patients 
with possible hemorrhagic manifestations, and a 2-3 day recovery phase 
leading to a quick improvement of symptoms. But some dengue patients 
present persistent symptoms including profound fatigue, depression, and 
weight loss, a possibility acknowledged by WHO since 1997. If persistent 
symptoms affect a non-negligible share of the population, previous studies 
probably underestimate the burden of dengue. We performed a systematic 
review of literature of primary studies in English, Spanish, and Portuguese, 
in PubMed, Web of Science, LILACS, and SciELO since 1980. We identified 
a total of 31 articles, 11 of which (from Brazil, Cuba, Peru, and Singapore) 
satisfied our criteria (full-text available, empirical data, scientifically 
valid approach, and external validity). Persistent symptoms were usually 
associated with female and older age, and additional medical expenses. 
We found a significant relation between the share of patients (s) reporting 
persistent symptoms that may result in work loss (fatigue, asthenia, or 
difficulty working) and time (in months, t): s=exp(3.12-.38*ln(t)), p=.03, 
r2=.24. Using these predicted values, we updated recent estimates of the 
economic burden of dengue in Mexico, addressing uncertainty in the loss 
of productivity and additional expenses using Monte Carlo simulations. 
Our estimates suggest that persistent symptoms represent about US$38.2 
(US$19.3-US$57.0) million annually in additional costs (US$0.35 per 
capita), or a 23% increase over previous estimates of economic burden in 
Mexico (US$170 million, US$1.56 per capita). While there is uncertainty in 
our estimates due to limited data, our results show a substantial neglected 
economic burden of dengue due to persistent symptoms. Given the 
breadth of the literature by continent and demographics, similar patterns 
likely extend to other dengue endemic countries.

1425
MIR-34A IS AN ANTI-FLAVIVIRAL MICRORNA THAT 
ENHANCES THE INNATE IMMUNE RESPONSE THROUGH 
REPRESSION OF THE WNT PATHWAY

Jessica L. Smith, Alec J. Hirsch
Oregon Health and Sciences University, Portland, OR, United States

MicroRNAs (miRNAs) are small, noncoding RNAs that modulate gene 
expression post-transcriptionally and have been demonstrated to regulate 
a broad range of cellular processes. Our research is focused on identifying 
pro- and anti-flaviviral miRNAs as a means of elucidating cellular pathways 
that support or limit viral replication. To this end, we have screened a 
library of known human miRNA mimics for their effect on replication of 
three flaviviruses--dengue (DENV), West Nile virus (WNV), and Japanese 
encephalitis virus (JEV)--using a high throughput immunofluorescence 
screen. Of more than 1200 miRNA mimics screened, 61, 117, and 217 
miRNA mimics were found to significantly inhibit infection of DENV, WNV, 
and JEV, respectively, with 23 blocking replication of 2 or more viruses. 
Members of the miR-34 family--miRNAs that have been extensively 
characterized for their inhibitory effects on the Wnt/β-catenin signaling 
pathway--demonstrated strong anti-flaviviral effects. Previous research 
has suggested that crosstalk occurs between the Wnt signaling and type 
I interferon (IFN) pathways. Therefore, we investigated the role of type I 
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IFN induction in the inhibitory effect of miR-34a and confirmed that miR-
34a enhances the activation of IRF3 phosphorylation and translocation 
to the nucleus, induction of IFN-responsive genes, and release of type I 
IFNs from transfected cells. Importantly, enhancement of innate immune 
signaling by miR-34a does not occur in the absence of a stimulus, such 
as viral infection. This characteristic, along with the extensive in vivo 
characterization that has already been performed on miR-34a mimics 
as anti-cancer agents, makes this miRNA an attractive candidate for 
investigation as an in vivo antiviral treatment. Current research is focused 
on investigating the effect of miR-34a against WNV infection a mouse 
model. These findings highlight the opportunities for using miRNAs to 
discover novel cellular pathways and factors involved in supporting or 
limiting virus replication.

1426
RECRUITMENT AND CHARACTERIZATION OF A LOCAL 
DENGUE IMMUNE COHORT IN PORTLAND, OR

Adam Brady, Justine E. Sunshine, Sarah Gabriel, William Messer
Oregon Health & Sciences University, Portland, OR, United States

Dengue virus (DENV) is the most important arthropod-borne virus affecting 
humans worldwide. The specific correlates and determinants of natural 
long-term DENV immunity are not known, without which designing 
and evaluating candidate DENV vaccines must proceed in the absence 
of reliable targets and endpoints. Large cohorts of naturally dengue 
immune individuals are vital resources for defining the critical correlates 
of dengue immunity. While investigators have recruited international 
DENV immune cohorts to study natural DENV immunity, local DENV 
immune cohorts offer several advantages over internationally based 
cohorts, including: 1) recruited individuals are unlikely to be confounded 
by repeat infection, with only long-term immunity present, 2) adult 
recruits can provide large volume serum and cell samples serially can be 
taken and processed locally and contemporaneously, 3) given time, a 
local cohort is expected to include donors with diverse DENV exposures 
that vary over time, geography, and DENV serotype. Here we present the 
design, execution and initial characterization of a DENV immune cohort 
based at Oregon Health & Sciences University in Portland, OR. We use 
previously validated recruitment approaches including traditional media, 
social media, email and direct physician contact to identify and recruit 
DENV immune individuals from local college student populations, cultural 
centers, and medical clinics expected to serve populations enriched 
for DENV exposure. Additionally, we focused recruitment efforts in the 
Portland VA Medical Center, which has a patient population expected to 
be enriched for very remote DENV exposure. From this cohort we expect 
to subsequently develop a baseline understanding of the correlates of 
long-term DENV immunity, specifically rates of neutralizing antibody decay 
and persistence of DENV immune cells. This cohort will provide new high-
value immune sera and cells for both dissecting components of protective 
DENV immunity and validating targets and correlates of long-term DENV 
immunity.

1427
TOWARDS REFINING THE GLOBAL DENGUE MAP: 
SEROPREVALENCE VS. CASE DATA

Isabel Rodríguez Barraquer, Derek A. Cummings
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States

Good understanding of the transmission dynamics of infectious diseases 
is important to design effective control strategies. In particular, good 
estimates of the force of infection (the per capita hazard of infection), and 
of the basic reproductive number (R0) are critical because they give insight 
into the level of control that is required to reduce incidence and eventually 
block transmission. Given that population based serological studies (the 
gold standard) are very scarce, recent efforts to generate a global dengue 
map have been based on crude case counts and occurrence (presence/

absence) data. However, inference from case counts is often misleading 
due to the poor correlation that exists between infection and symptomatic 
disease, and to differences that exist between and within surveillance 
systems. Here, we build on existing frameworks to estimate yearly 
forces of infection and R0 from age-specific incidence data and census 
data. We then use publicly available data to produce detailed updated 
maps of the transmission hazard and R0 of dengue in Thailand, Brazil, 
Mexico and Colombia. Preliminary analyses show very good agreement 
between our estimates and those obtained from age-stratified serological 
surveys from a range of settings. These include historically hyperendemic 
settings (Rayong, Thailand) and settings where dengue more recently re-
emerged (Recife, Brazil; and Piedecuesta, Colombia). Furthermore, when 
applied to data from re-emergent settings, model estimates correctly the 
date of re-emergence. Additional analyses will include comparisons to 
additional serological data and to previously published estimates. Good 
characterization of dengue epidemiology will be fundamental to design 
optimal vaccination strategies and control interventions. This framework 
provides an opportunity to reconstruct recent dengue trends at a local 
scale and to refine the global dengue map using data that is readily 
available from multiple surveillance systems.

1428
DENGUE INFANT COHORT STUDY IN BRAZIL

Renata Saraiva Pedro, Vania Girianella, Mayumi Wakimoto, 
Stephanit Penetra, Luana Santana Damasceno, Liege Carvalho, 
Denise Cotrim, Jennifer Braathen Salgueiro, Patricia Brasil
Fundacao Oswaldo Cruz, Rio de Janeiro, Brazil

Dengue disease is the most prevalent arthropod-borne viral disease in 
humans and is a global and national public health concern in Brazil. 
Prospective studies are important to estimate incidence and to guide 
control measures. The aim of this study was to estimate the prevalence 
of dengue in pregnant women and the incidence in infants from a 
community in Rio de Janeiro (RJ). Prospective study of 0-2 years-old 
children who live in Manguinhos, an urban slum community in RJ, going 
on since May 2012. Pregnant women at third semester followed by the 
local Family Health Program were recruited. Epidemiological, clinical data 
and blood samples were obtained for dengue serological survey. The 
infants had programmed pediatric visits for evaluation of fever history and 
blood collection for serological tests (IgM). Mothers were instructed to 
contact the study staff, in case of infant´s fever. Active febrile surveillance 
was made by telephone calls, facebook and home visits. Pediatric visit is 
scheduled within 7 days after the onset of fever. The study was approved 
by the local Ethical Board No. 308/2011 CAAE: 0048.0.009.031-11. In two 
years, 502 pregnant women were included in the study with median age 
of 25 years-old (15 to 44). 90.5% tested positive for dengue IgG. There 
were 8 stillbirths, resulting in a total of 494 newborns eligible for follow-
up. Until March 2015, 25.5% were lost for follow-up, most of them 
due to address change. From 374 infants on followed-up, 33.3% were 
infected by DENV in the 1st year of life. The high prevalence of positive 
IgG in young women is expected in hiperendemic areas as RJ where DENV 
circulates since 1986. The high incidence of dengue observed in infants in 
the 1st year of life raises the question about the protection to dengue by 
the maternal transmission of neutralizing antibodies. However, it can also 
be a result of the recent introduction of DENV-4 in Rio. The maintenance 
of this cohort is important to confirm our preliminary results and to 
determine the ideal age of life for vaccine trials. It also enables the study of 
environmental and individual factors associated to dengue infection.
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1429
DYNAMIC EXPANSION FACTORS ENABLE REAL-TIME USE OF 
SURVEILLANCE DATA

Krzysztof Sakrejda1, Nick Reich1, Stephen Lauer1, Derek 
Cummings2, Paphanij Suangtho3, Soawapak Hinjoy3, Sopon 
Iamsirithaworn4, Suthanun Suthachana5, Hannah Clapham2, Justin 
Lessler2

1University of Massachusetts, Amherst, MA, United States, 2Johns Hopkins 
University, Baltimore, MD, United States, 3Bureau of Epidemiology, 
Bangkok, Thailand, 4Office of Disease Prevention and Control I, Bangkok, 
Thailand, 5Communicable Disease Section, Nonthaburi, Thailand

Surveillance systems generate data on disease incidence at a delay but 
public health decisions require current data. Recent work has focused 
on reducing reporting delays by converting to electronic records and 
centralized databases. For large systems these changes are expensive 
and time consuming, and there will always be some delays as records are 
reviewed for quality and updated based on laboratory tests. We propose 
a method to adjust case counts for under-reporting resulting from delays 
in the surveillance process. Our approach estimates dynamic expansion 
factors from statistical models of the surveillance system based on either 
individual case data or aggregated counts. We demonstrate the large-scale 
application of these methods using data from the Thai passive notifiable 
disease surveillance system (R506) for the years 2013-2015. To generate 
dynamic expansion factors we construct a country-wide contaminated 
Weibull model of reporting times with time-specific and province-specific 
parameters. We will present results from the 2015 dengue season and 
characterize the ability of dynamic expansion factors to accurately predict 
finalized case counts. Key lessons from this exercise are that 1) dynamic 
expansion factors increase the utility of reported surveillance data; 2) 
in a system with multiple reporting units creating accurate dynamic 
expansion factors requires characterizing surveillance process variation 
among units and over time; and 3) a model-based characterization of the 
reporting system can be an important resource for the management of the 
surveillance system. Future work will focus on integrating reporting and 
population dynamics into joint forecasts.

1430
ANTIGENIC IMPACT OF GENOTYPIC VARIATION WITHIN THE 
DENGUE 1 ENVELOPE PROTEIN

Jessica A. Plante, Mary A. Bone, Scott R. Royal, Jesica A. 
Swanstrom, Boyd L. Yount, Ralph S. Baric
University of North Carolina, Chapel Hill, NC, United States

Dengue virus is a mosquito-borne human pathogen with four serotypes, 
each consisting of multiple genotypes. These genotypes tend to be broadly 
associated with different geographical regions, but do co-circulate in some 
cases. Despite the immense effort being made toward the development 
of a vaccine capable of protecting against all four serotypes, relatively little 
has been done to investigate the importance of genotypic variation. To 
address this issue, a panel of dengue 1 viruses was generated consisting 
of a West Pac 74 backbone with envelope sequences derived from 
representative strains within the other dengue 1 genotypes swapped 
for that of West Pac 74. Replication kinetics were assessed in Vero 76, 
C6/36 and U937+DC-SIGN cells, and virulence was assessed in a type I/II 
interferon receptor knockout mouse model. A panel of human monoclonal 
antibodies and dengue immune sera was used to assess the impact of 
genotypic variation in a U937+DC-SIGN neutralization assay. Combined, 
these results indicate that the genotypic variation in the envelope protein 
had minimal impacts on viral replication. There, was, however, a noticeable 
impact on antigenicity, indicating that geographical differences in the 
prevailing genotype of dengue 1 may need to be taken into account when 
designing a vaccine or interpreting the results of clinical trials.

1431
MODELING POPULATION SUSCEPTIBILITY TO DENGUE 
INFECTION USING A “MEMORY” TERM

Nicholas G. Reich1, Krzysztof Sakrejda1, Hannah Clapham2, Derek 
Cummings2

1University of Massachusetts, Amherst, MA, United States, 2Johns Hopkins 
Bloomberg School of Public Health, Baltimore, MD, United States

Models for interacting multi-pathogen systems are challenging to analyze. 
Dengue, a viral pathogen estimated to cause 400 million infections 
each year worldwide, has four identifiable serotypes. Infection with one 
serotype is thought to confer permanent immunity to that serotype and 
temporary cross-protection against infection with other serotypes. A 
central challenge in modeling dengue fever is accurately estimating the 
(largely unobservable) population of individuals who are susceptible to 
infection. We propose a new approach to accounting for the susceptible 
population over time based on observed dengue case data. We use 
standardized weighted sums of prior case counts (a.k.a. ``memory terms’’, 
since they retain a memory of recent level of relevant infections) for all 
serotypes as an approximation to deviations from mean susceptibility. 
This method provides a simple way to include complex dynamics in 
otherwise standard statistical time-series models. We apply and evaluate 
this method in two contexts. First, we use memory terms to predict 
dengue hemorrhagic fever outbreaks in Thailand. Including the memory 
term in prediction models results in modest improvements in the average 
cross-validated prediction errors. Second, we use memory terms to draw 
inference about the existence and duration of cross-protection between 
dengue serotypes. Using simulated data, we demonstrate that our method 
can detect the presence of cross-protection in a wide array of four-strain 
disease settings with sensitivity ranging between 65% and 95%.

1432
ASSOCIATED FACTORS TO DENGUE INFECTION FROM A 
COHORT OF NAÏVE SUBJECTS IN AN ENDEMIC AREA

Ruth A. Martínez-Vega1, Irma Y. Amaya-Larios2, Fredi A. Díaz-
Quijano3, José Ramos-Castañeda2

1Universidad de Santander, Bucaramanga, Colombia, 2Instituto Nacional de 
Salud Pública, Cuernavaca, Mexico, 3Organización Latinoamericana para el 
Fomento de la Investigación en Salud, Bucaramanga, Colombia

Dengue is a public health problem in Mexico. The study of factors that 
contribute in dengue infection is important to optimize the promotion 
and prevention programs. However underreporting of cases and the 
asymptomatic infections makes it difficult. Objective: To determine 
associated factors to DENV infection in naïve subjects from two Mexican 
dengue endemic localities. Between August and November of 2014, 
we visited naïve subjects from a Mexican cohort enrolled between June 
and November 2011. We interviewed and took blood sample from 
subjects who accepted to participate in this follow-up. ELISA IgG indirect 
(Panbio) was performed to evaluate DENV infection during this period. 
Binomial regression was performed to evaluate associated factors to the 
seroconversion. An adjustment of standard errors was made considering 
the 125 houses as cluster units. 196 (79.4%) of 247 naïve subjects from 
original cohort agreed to participate. 90 were IgG positive (45.9%) 
and 1 was IgG indeterminate. Only 16 subjects remembered to have a 
dengue medical diagnosis (17.8%), and only 3 subjects were detected 
by the surveillance system. The associated factors were age (Prevalence 
Ratio 0.97; IC95% 0.95-0.99; p=0.016) and the occupation; compared 
with the students, the independent workers (PR 1.93 IC95% 1.46-
2.56, <0.001) and the subjects who stay at home the majority of time 
(housewife, unemployed, retired, and disabled) (PR 1.62; IC95% 1.01-
2.59, p=0.047) had more risk to get DENV infected; the employed workers 
were marginally associated (PR 1.41 IC95% 0.85-2.34, p=0.183). Also, 
the exposition to a cohabitant with a medical dengue diagnostic was 
marginally associated (PR 1.37 IC95% 0.98-1.93, p=0.07). Other variables 
like gender, education, locality, work/study out side the locality were not 
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associated. There was a high rate of DENV infection in these localities 
during 2.5 years of follow-up. The occupation factor could be related with 
the time that subjects spend in places where the infection is occurring 
(home or workplace).

1433
A HIGH-THROUGHPUT MICROASSAY FOR DETERMINING 
ANTIBODY RESPONSES TO 15 CLINICALLY IMPORTANT 
SPECIES OF FLAVIVIRUSES

Christine Pugh, Emily Cisney, Cyra Ranji, Stefan Fernandez, 
Robert G. Ulrich
U.S. Army Medical Research Institute for Infectious Diseases, Frederick, 
MD, United States

Flaviviruses, such as dengue virus (DENV) and West Nile virus (WNV), 
are arthropod-borne RNA viruses that are infectious disease risks to 
half of the human global population. Viruses within the Flaviviridae 
family share a similar genomic organization and replication strategy, 
yet are able to cause a wide range of clinical disease in humans, from 
undifferentiated febrile illness to the more severe forms, hemorrhagic 
fever and encephalitis. Serological assays for diagnosis and surveillance 
are generally directed towards one specific virus and disregard the 
potential for antibody cross reactivity between nearest neighbors. Here, 
we developed a comprehensive assay for flaviviruses that includes whole 
virus preparations and recombinant antigens from several clinically 
significant species. The antigens include capsid, pre-membrane/membrane, 
envelope, NS1, and NS3 proteins from 15 species that may co-circulate 
within the same geographic region. Using the microarrays, we examined 
serum IgG and IgM responses from humans infected with DENV serotypes 
1-4, WNV, and Japanese encephalitis virus in order to examine specificity 
and cross reactivity of antibody responses among the viral antigens. We 
further employed sera from dengue vaccine studies to demonstrate the 
utility of using multiple viral antigens for obtaining a detailed analysis of 
antibody responses to vaccines. The small test volume requirement (1-10 
microliters), multiplexing capacity, and high-throughput nature are all 
valuable features of this microassay. We propose that the data obtained 
from these flavivirus-focused protein microarray assays will provide a 
wealth of information into the human antibody response during natural 
infections and in response to vaccination.

1434
DENGUE VACCINE INITIATIVE: OVERVIEW OF THE FIELD 
OPERATION

Jacqueline K. Lim, Mabel Carabali, Kang Sung Lee, Sl-Ki Lim, 
Jung Seok Lee
International Vaccine Institute, Seoul, Republic of Korea

IVI within the Dengue Vaccine Initiative (DVI) consortium handles the 
field operation of the program. From 2011 to 2013, DVI conducted field 
studies in Colombia, Thailand, and Vietnam, likely early adopter countries 
of dengue vaccine. A complete package of the study including the 
passive fever surveillance, serological survey, cost-of-illness survey (COI), 
willingness to pay survey (WTP), and healthcare utilization survey (HUS) 
is conducted in Thailand and Colombia. In Vietnam, the COI and WTP 
surveys were conducted in 2011-2012. Since 2014, DVI has shifted the 
focus from the middle-income countries to the lower-income countries 
in Africa and Asia. The recent publication of the WHO Global Strategy 
for Dengue Prevention and Control in 2012-2020 emphasized the need 
for true burden of dengue by 2015. While there are documented disease 
transmission and vector presence, not much data from population-based 
studies are available, especially from Africa. Dengue may be considered 
for the GAVI vaccine investment strategy. Three countries, Burkina Faso, 
Gabon, and Kenya in Africa, as well as Vietnam and Cambodia, were 
selected for field studies. Most of these countries are GAVI-eligible with 
some documented disease transmission or outbreak history with existing 
infrastructure and local commitment for dengue research. In Vietnam, the 

study of the passive fever surveillance and the serosurvey are launched in 
Nha Trang in Aug. 2014 and data are forthcoming. In Burkina Faso, the set 
of DVI study including the passive fever surveillance with the COI survey 
embedded, HUS to complement the surveillance, and the serosurvey, 
was launched in Ouagadougou in Dec. 2014. In Gabon, the same set of 
study is launched in April of 2015 in Lambaréné. In Cambodia, launch of 
similar work package with the serosurvey in a community-based cohort 
design is planned in May, 2015. The similar work package is also in plan in 
Kenya. More information on the progress made in these sites of DVI field 
operation will be presented at the conference. By conducting DVI study in 
these sites, we hope to generate further evidence on burden of dengue 
for low-income countries.

1435
DETECTION OF DENGUE VIRUS IN EGG-HATCHED 
MOSQUITOES COLLECTED IN A CITY OF THE CENTRAL 
PORTION OF SÃO PAULO STATE, BRAZIL

Adriano Mondini1, Felipe Guioti2, Talita Motta Quiarim2, 
Eduardo Sterlino Bergo3, Walquer Vinicius Pereira2, Roberta Vieira 
Bronzoni4, Mauricio Lacerda Nogueira5

1UNESP - São Paulo State University, Araraquara , São Paulo, Brazil, 2UNESP 
- São Paulo State University, Araraquara, São Paulo, Brazil, 3SUCEN - SR06, 
Araraquara, São Paulo, Brazil, 4UFMT- Universidade Federal do Mato 
Grosso, Mato Grosso, Brazil, 5Faculdade de Medicina de São José do Rio 
Preto, São Paulo, Brazil

Dengue is a viral disease transmitted by Aedes mosquitos, which affects 
nearly 390 million people worldwide. It is endemic in more than 100 
countries and the infections result in 500,000 hospitalizations and 20,000 
deaths each year. Dengue is an arbovirus that belongs to Flaviviridae 
family, genus Flavivirus, and presents four antigenically distinct serotypes 
(DENV 1-4). Virus surveillance in mosquitoes is important to track the 
spread of a virus after its introduction. Ae. aegypti and Ae. albopictus 
mosquitoes were obtained from ovitrap collected eggs. Traps were 
installed monthly in Araraquara, São Paulo/Brazil, from February 2014 
to January 2015. Mosquitoes were grouped according to collection site, 
species and gender, and tested for the presence of four dengue serotypes 
using Hemi-Nested-Multiplex-RT-PCR. Field-collected eggs produced 8,667 
Aedes mosquitoes, which were grouped in 1,114 pools. The presence 
of DENV was detected in 26 pools among the 187 that were analyzed. 
There were 25 amplifications that indicate the presence of DENV-1, DENV-
2, DENV-3 and DENV-4 in pools of Ae. aegypti. Among them were 15 
male and 10 female pools. There was one pool of Ae. albopictus that 
was positive for DENV-1. Apparently, the four dengue serotypes are 
circulating in Araraquara. However, for complete confirmation of these 
results, our next step is viral isolation and nucleotide sequencing of the 
positive samples. But our results seem to be in accordance with the recent 
outbreaks in Brazil, caused by serotypes 1 and 4. The verification of vertical 
transmission in Araraquara seems to confirm a global trend and can be 
related with the maintenance of virus transmission in less favorable periods 
for the vectors and disease transmission. 
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1436
SPATIAL AND TEMPORAL HETEROGENEITY IN DENGUE 
SEROTYPE CIRCULATION AND DYNAMICS OF RISK ACROSS 
PERU

Karen M. Campbell1, Chris Lehnig1, Kristin Haldeman1, Cesar 
V. Munayco2, Eric S. Halsey3, V. Alberto Laguna4, Martin Yagui4, 
Paquita Garcia-Mendonza5, Jake Talley1, Mark Wilson1, Amy C. 
Morrison6, Thomas W. Scott6

1San Diego State University, San Diego, CA, United States, 2Uniformed 
Services University of the Health Sciences, Bethesda, MD, United States, 
3U.S. Naval Medical Research Unit - 6, Lima, Peru, 4Dirección General 
de Epidemiología, Lima, Peru, 5Instituto Nacional de Salud, Lima, Peru, 
6University of California Davis, Davis, CA, United States

Dengue is one of the most aggressively expanding mosquito-transmitted 
viruses approaching 400 million infections annually. Complex transmission 
dynamics pose challenges for predicting location, timing, and magnitude 
of risk or spatial scale of risk when an outbreak occurs; thus models are 
needed to guide prevention strategies and policy development locally 
and globally. Empirical data needed to guide model development and a 
better understanding of risk dynamics suffer from critical gaps. Weather 
regulates transmission-potential via its effects on vector dynamics, yet 
an empirical perspective clarifying how weather impacts transmission in 
diverse ecological settings is lacking. Four antigenically related but distinct 
virus serotypes co-circulate in hyperendemic regions causing (1) short-term 
heterologous immunity and long-term homologous immunity against 
re-infection; (2) wide range in clinical disease from asymptomatic to self-
limiting dengue fever to life-threatening dengue hemorrhagic fever- a 
spectrum that varies across serotypes/strains and with number, sequence, 
and relative timing of sequential infections from different serotypes; and 
(3) a general lack of serotype-specific information in surveillance data. This 
lack of data obstructs an understanding of spatial scales and networks 
of virus spread beyond community cohort studies. We developed a high-
resolution empirical profile of (1) the local weather-disease connection, 
(2) serotype-specific dengue disease, human susceptibility, and force of 
infection, and (3) serotype-specific transmission networks across Peru, a 
country with considerable ecological diversity. For 1990-2012, we tracked 
the introduction and spread of the 4 dengue serotypes across Peru, 
examining serotype-specific spatial dynamics amidst the role of weather 
in regulating transmission, heterogeneity in spatial networks, and factors 
that regulate cycles in serotype replacement spatially. Results provide new 
insights regarding the spatial scales and dynamics of risk that will enable 
more effective strategies for separate or integrated delivery of vector 
control and vaccines.

1437
POTENTIAL IMPACT OF DENGUE VACCINATION IN DENGUE 
ENDEMIC AREAS: INSIGHTS FROM TWO LARGE-SCALE 
EFFICACY TRIALS

Laurent Coudeville, Nicolas Baurin
Sanofi Pasteur, Lyon, France

With about 4 billion people living in endemic areas and 100 million 
apparent infections occurring each year, dengue is a major international 
public health concern. To date, no specific treatment is available for this 
disease but the Sanofi Pasteur vaccine candidate has in 2014 successfully 
demonstrated its protective efficacy against symptomatic dengue during 
the 25 month active phase of two Phase 3 efficacy trials performed in 
five Asian countries (Indonesia, Malaysia, Philippines, Thailand, Vietnam) 
and 5 Latin American countries (Brazil, Colombia, Honduras, Mexico, 
Puerto Rico), based on the observations obtained from a total of 31,144 
subjects. In order to best use this vaccine, it is important to evaluate its 
ability to reduce dengue burden in endemic areas and mathematical 
models of transmission can provide valuable insights on the matter. 
Results observed during the active phase 3 efficacy trials were used to 

fit an age-structured, host-vector and serotype-specific compartmental 
model previously developed. The estimation was performed using 
Approximate Bayesian Computation (ABC) method based on Sequential 
Monte Carlo. Several scenarios of cross-interactions between serotypes 
and vaccine efficacy were tested. We notably considered vaccine efficacy 
based on: 1) difference in efficacy between serotypes; 2) increase in 
efficacy after subsequent doses; 3) protection conferred to naïve and 
primed populations. The results obtained provide insight on the optimal 
age for vaccination for the 10 countries included in the two trials. We 
also considered the impact over time of different vaccination programs 
including routine and catch-up vaccination. In conclusion, the analysis 
performed on the basis of these two large vaccine efficacy trials suggests 
that the dengue vaccine candidate has the potential to significantly impact 
dengue burden in endemic countries.

1438
SEROLOGICAL AND VIROLOGICAL INVESTIGATION OF 
YELLOW FEVER OUTBREAK IN SOUTH OMO ZONE, ETHIOPIA 

Mesfin M. Tsegaye1, Abrham Lilay1, Million Wendabeku1, Negga 
Asamene1, Yonas Wuletaw1, Workenesh Ayele1, Gelila Demissie1, 
Almaz Abebe1, Berhane Beyene1, Israle Tareke2, Abyot Bekele1, 
Daddi Jimma1, Amadou Sall3
1Ethiopian Public Health Institute, Addis Ababa, Ethiopia, 2World Health 
Organization, Addis Ababa, Ethiopia, 3Pasteur Institute of Dakar, Dakar, 
Senegal

South Ari district of South Omo zone reported unknown illness with 
clinical presentations of fever, headache, nausea and bloody vomiting since 
December 2012. On the basis of clinical symptoms, a viral hemorrhagic 
fever was suspected and outbreak investigations were carried out. 
This abstract presents findings of the serological part of the outbreak 
investigation. A total of 30 serum samples were collected either from in-
patients admitted at the Zonal Hospital as a result of having at least two 
of the clinical manifestations typical of the outbreak or active searches 
of suspected cases and contacts in the affected areas. As part of further 
investigation of the outbreak and elucidating if possible expansion of the 
yellow fever outbreak exists in the neighbouring/nearby districts/zones 
to the affected area, 42 serum samples collected from patients of acute 
febrile illness (AFI) seen at a health facility and Hospitals in these areas 
were also also investigated. The 30 serum samples were screened for 
yellow fever IgM by ELISA and 7 cases (23.3 %) were found to be positive. 
Differential diagnoses for other flavi viruses (Dengue, West Nile and Zika 
viruses) and also for RVF, CCHF and Chikungunya viruses showed no 
positivity. None of the samples were positive by PCR . Two samples (6.6%) 
had a positive IgG test for flavi viruses. Of the 42 serum samples from AFI 
patients in the neighbouring/nearby district/zones to the affected area, 
3 (7.14%) were positive for west Nile IgG and 2 (4.76%) were positive 
for yellow fever IgG. The serological and virological investigation revealed 
that the cause of the outbreak to be a yellow fever virus. IgG positivity 
for falviviruses in adjacent/nearby districts and zones to the affected area 
necessitates identifying which specific virus of the flavi virus group is 
circulating and may require determining yellow fever epidemic risks as well 
as strengthening of surveillance in the broader vicinity of the affected area.
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1439
CDC WEB-BASED YELLOW FEVER VACCINE COURSE: USE 
BY STATE AND TERRITORIAL HEALTH DEPARTMENTS IN THE 
UNITED STATES

Rhett J. Stoney1, Theresa E. Sommers2, Mark J. Sotir1, Nancy M. 
Gallagher1, Emily S. Jentes1, Gary W. Brunette1, Mark Gershman1

1Travelers’ Health Branch, Division of Global Migration and Quarantine, 
Centers for Disease Control and Prevention, Atlanta, GA, United States, 
2Department of Conflict Resolution, Global Governance, and Human 
Security, College of Advancing and Professional Studies, University of 
Massachusetts-Boston, Boston, MA, United States

In 2010, the Centers for Disease Control and Prevention (CDC) Travelers’ 
Health Branch (THB) launched the free web-based course, Yellow Fever: 
Information for Health Care Providers Advising Travelers, to provide 
state and territorial health departments (STHDs) with an effective training 
tool to educate health care providers about yellow fever (YF) and best 
practices for YF vaccination. To purchase and administer YF vaccine (YFV) 
in the United States, a nonfederal provider must possess a STHD-issued 
YF stamp or practice in the same clinic as a YF stamp owner. However, 
practices for authorizing use of YF stamps vary among STHD YF stamp 
designation programs. We examined characteristics of these programs and 
their use of CDC’s web-based course. THB invited 53 STHDs to participate 
in a survey during December 2011. Topics covered included eligibility for 
YF stamp ownership; training requirements for first-time stamp applicants, 
renewing stamp owners, and non-stamp-owning YFV providers. Survey 
response data were analyzed using SAS Enterprise Guide 5.1. Overall, 31 
(58%) of 53 STHDs participated in the survey. Among the 31, 28 (90%) 
are aware of CDC’s YFV course. All 31 responding STHDs issue stamps to 
physicians, 11 (35%) to nurse practitioners, 9 (29%) to pharmacists, and 7 
(23%) to physician assistants. Thirteen (43%) of 30 STHDs that responded 
to the question require current stamp owners to renew their stamp yearly 
or less frequently. Ten (32%) of 31 responding STHDs require training 
in YF or travel medicine before issuing a YF stamp; 9 specifically require 
completion of CDC’s YF course. Six (20%) of 30 STHDs require non-stamp-
owning YFV providers to complete the course. Most responding STHDs 
are aware of CDC’s YFV course but do not require proof of YF training 
from first-time stamp applicants or from non-stamp-owning YFV providers. 
However, among STHDs requiring proof of YF vaccination training, CDC’s 
YF course is the most often utilized resource. With a revised course in 
development, THB plans to re-administer the survey and assess changes in 
YF programs and in STHD use of the course as a training requirement for 
health care providers who administer YFV.

1440
GLOBAL DISTRIBUTION AND ENVIRONMENTAL SUITABILITY 
FOR CHIKUNGUNYA VIRUS

Moritz U. Kraemer1, Elaine O. Nsoesie2

1University of Oxford, Oxford, United Kingdom, 2University of Washington, 
Seattle, WA, United States

Chikungunya is an acute febrile illness caused by the Chikungunya virus 
(CHIKV), which is transmitted to humans by Aedes mosquitoes. Although 
Chikungunya is rarely fatal, patients can experience debilitating symptoms 
that last from months to years. Despite expanding worldwide geographical 
distribution, knowledge of the global burden and extent of CHIKV remains 
alarmingly sparse. Here we exhaustively assess and map the global 
occurrence of Chikungunya using an established modeling framework 
previously used for dengue. We also predict the global environmental 
suitability and estimate population at risk of CHIKV transmission. We 
identified 89 countries with good evidence for CHIKV occurrence and 
several countries with environmental suitability and previous reports 
of CHIKV but with a general lack of reliable data and poor surveillance 
leading to indeterminate conclusions on presence or absence. We estimate 
1.3 billion people living in areas at-risk of CHIKV transmission. These 

observations provide a basis for assessing clinical surveillance and burden 
estimation of Chikungunya globally, and an initial evaluation on the global 
distribution that can be refined as CHIKV continues to expand.

1441
CHARACTERIZATION OF A GENETIC DETERMINANT FOR THE 
MOUSE NEUROVIRULENCE OF YELLOW FEVER VIRUS IN 
AEDES AEGYPTI

Yan-Jang S. Huang1, John T. Nuckols2, Stephen Higgs1, Alan D. 
Barrett3, Dana L. Vanlandingham1

1Kansas State University, Manhattan, KS, United States, 2Medical 
Countermeasure Systems, Joint Vaccine Acquisition Program, Fort Detrick, 
MD, United States, 3University of Texas Medical Branch, Galveston, TX, 
United States

The loss of neurovirulence of wildtype flaviviruses in vertebrate hosts 
has been considered as a critical phenotype for the development of live 
attenuated strains of flaviviruses as vaccine candidates. Using yellow fever 
virus (YFV) 17D vaccines as a model, one of the genetic determinants for 
mouse neurovirulence of YFV has been mapped to the wildtype specific 
epitope Thr173 in the envelope (E) protein. Whilst the functional importance 
of the E protein with respect to antibody neutralization and attenuation 
of the YFV 17D-204 strain in mice has been demonstrated in vitro and 
in vivo, it is still unclear whether or not the E T173I genetic mutation 
contributes to the loss of the biologically transmissibility by mosquitoes 
that is a characteristic of the YFV 17D vaccine strain. We evaluated 
the phenotypic changes caused by the T173I mutation with the cDNA 
infectious clones of the Asibi strain and the 17D+Asibi M-E chimera in 
Aedes aegypti through per os infection. The Asibi E T173I mutant and 
the 17D+Asibi M-E E T173I chimeric mutant were orally administered with 
the control mosquito groups receiving either the Asibi strain alone, the 
17D+Asibi M-E chimera, or the 17D strain. Mosquitoes were collected 
for analysis at 7, 10, and 14 days post-infection. Comparison of the 
percentage of infection and dissemination as well as the replication 
kinetics was performed between wildtype and mutant viruses by 
detection of infectious viruses using tissue culture infectious dose 50. The 
phenotypic change caused by the mutation on infection and dissemination 
in mosquitoes will be discussed.

1442
ARIPO VIRUS IS AN INSECT-SPECIFIC FLAVIVIRUS THAT 
CAN ENTER AND REPLICATE IN VERTEBRATE CELLS AND 
PRECLUDES SUPERINFECTION AND DISSEMINATION OF 
WEST NILE VIRUS IN VIVO

Albert Jonathan Auguste, Nicholas A. Bergren, Rose M. 
Langsjoen, Shannan L. Rossi, Bethany G. Bolling, Hilda Guzman, 
Vesvolod L. Popov, Michael Woodson, Michael Sherman, Robert B. 
Tesh, Scott C. Weaver
The University of Texas Medical Branch, Galveston, TX, United States

To date, at least 25 distinct insect-specific flaviviruses have been isolated 
from and/or detected in mosquitoes collected worldwide. Although 
insect-specific flaviviruses are abundant in nature, little is known about 
their ecological niche, their place in the evolutionary history of flaviviruses, 
genetic determinants that render them unable to replicate in vertebrate 
cells, or to what extent they affect transmission of vertebrate-pathogenic 
flaviviruses in nature. Herein we describe the isolation and characterization 
of a novel insect-specific flavivirus (tentatively named Aripo virus; ARPV) 
that was isolated from a pool of Psorophora albipes mosquitoes collected 
in Trinidad. The complete ARPV genome was determined and phylogenetic 
analyses showed that ARPV clusters with other insect-specific flaviviruses 
that fall within the pathogenic mosquito-borne flavivirus clade. ARPV 
antigen was significantly cross-reactive with Japanese encephalitis 
virus (JEV) serogroup antisera by both immunofluorescence assays and 
hemagglutination inhibition assays. Infection with ARPV significantly 
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reduces superinfection rates and prevents dissemination of West Nile 
virus in vivo in Aedes aegypti mosquitoes. Experimentally, we also 
determined that ARPV infection is efficiently transmitted vertically in Ae. 
aegypti mosquitoes at least to the F3 generation. A 2 nm single particle 
cryo-EM reconstruction revealed that ARPV is structurally similar to other 
flaviviruses, having a very smooth surface with envelope protein trimer-
dimers oriented in a head to tail manner, across its surface. We also show 
using transmission electron microscopy, confocal microscopy, and PCR 
based molecular techniques, that ARPV can attach and enter vertebrate 
cells via clathrin mediated endocytosis, as well as replicate its genome in 
these cells. Preliminary data suggests this virus is restricted from replication 
in vertebrate cells because it is incorrectly assembled in these cells.

1443
INFERRING THE YELLOW FEVER FORCE OF INFECTION FROM 
THE OBSERVED AGE DISTRIBUTION OF CONFIRMED CASES

Tini Garske1, Kevin Jean1, Maria D. Van Kerkhove2, Sergio 
Yactayo3, William Perea3, Joseph Biey4, Amadou Sall5, Christl A. 
Donnelly1, Neil M. Ferguson1

1MRC Centre for Outbreak Analysis and Modelling, Imperial College, 
London, United Kingdom, 2Centre for Global Health, Institut Pasteur, Paris, 
France, 3World Health Organization, Geneva, Switzerland, 4World Health 
Organization-AFRO, Ouagadougou, Burkina Faso, 5Institut Pasteur, Dakar, 
Senegal

Yellow fever is an arboviral disease, transmitted between humans and non-
human primates and mosquitoes of various Aedes spp. in Africa. Disease 
severity shows a broad spectrum with high rates of fatality amongst the 
more severe cases, but symptoms tend to be non-specific, particularly in 
milder cases leading to huge underreporting and highly uncertain disease 
burden. As yellow fever is a sterilising infection, the age distribution of 
observed cases can give clues to the yellow fever transmission intensity. 
Using data on confirmed human cases of yellow fever reported between 
2005 and 2013 to the Yellow Fever Surveillance Database covering 20 
countries in western and central Africa in conjunction with data on 
population demographics and age-dependent vaccination coverage we 
estimated the force of infection that could give rise to the observed age 
distribution of cases under a number of different assumptions regarding 
the age-dependence of the exposure. Point estimates of the force of 
infection were low, but comparison with estimates derived from other 
data suggest upper confidence bounds obtained might put useful bounds 
on the extent of transmission. Results were sensitive to the assumed age 
distribution of the population and vaccination coverage and strongly 
depended on the age-dependence of exposure assumed, highlighting the 
need for robust sensitivity analyses. Models assuming age-independent 
force of infection fitted better in western Africa, but a higher exposure in 
adults than children fitted better in central Africa. In western Africa, the 
annual risk of infection to a susceptible person was estimated to be below 
2.3%, while the annual infection risk in central Africa was estimated to 
be below 0.5% for children and 1.2% for adults. The fact that in different 
areas different assumptions about the age-dependence of the infection 
risk gave the best fit to the data indicates an indiscriminate exposure in 
villages in western Africa, where the transmission intensity is highest, 
but more limited occupational exposure through activities such as wood 
clearing in central Africa with a lower overall transmission intensity.

1444
DISTINCT SPLENIC CELLULARITY IN WILD-TYPE YELLOW 
FEVER VIRUS AND 17D VACCINE STRAIN INFECTION AND ITS 
IMPLICATION ON IMMUNOGENICITY/PATHOGENESIS

LK Metthew Lam, Alan M. Watson, William B. Klimstra, Kate D. 
Ryman
University of Pittsburgh, Pittsburgh, PA, United States

Yellow fever virus (YFV) is a mosquito-borne flavivirus that causes 
hemorrhagic fever in humans and poses a serious health threat in 

developing countries. Control of YFV relies upon the live-attenuated 17D 
vaccine strain, derived in the 1930s. The mechanism for 17D attenuation 
and immunogenicity remains unclear. In our pathophysiologically relevant 
mouse model, WT-YFV infection causes severe viscerotropic disease in 
type I IFN receptor deficient mice whereas 17D vaccination induces long-
term, protective immunity against WT-YFV challenge. CD169 (Siglec-1) 
is a glycoprotein expressed on tissue-resident macrophages such as 
splenic marginal zone macrophages (MZMs) and hepatic Kupffer cells. 
Immunologically active CD169+ macrophages play an important role 
in the capture of antigens, induction of innate immune responses and 
peptide presentation to T and B lymphocytes. Interestingly, the expression 
of CD169 was dramatically increased in 17D-infected mice, consistent 
with a role in the induction of effector and memory immune response. 
In contrast, after a transient upregulation, CD169+ cells disappeared 
following infection with WT-YFV. Parallel to this finding, GL-7, an 
activation marker for B and T cells, expression in splenic follicles is also 
different between the two. Together with the evidence for enhanced 
CD169 transcript levels in the PBMCs of human 17D-vaccinees, the stark 
differences in CD169+ cell populations and lymphocyte activation may 
infer a mechanism for pathogenesis for WT virus or strong immunogenicity 
of 17D which we are currently exploring.

1445
THE ROLE OF PIWI-INTERACTING RNAS IN CULEX 
QUINQUEFASCIATUS CELLS AND MOSQUITOES DURING 
WEST NILE VIRUS INFECTION

Claudia Rueckert1, Abhishek N. Prasad2, Reyes D. Murrieta1, 
Gregory D. Ebel1
1Colorado State University, Fort Collins, CO, United States, 2University of 
Texas Medical Branch, Galveston, TX, United States

Arboviruses are maintained in an enzootic cycle between a vertebrate host 
and an arthropod vector and have evolved to cope with both the complex 
vertebrate immune system and arthropod antiviral defenses. In order 
to develop efficient preventive measures it is important to understand 
both virus-host and virus-vector interactions. Our understanding of 
arthropod antiviral defenses has increased immensely over the last 15 
years, and RNA interference (RNAi) is considered the most important 
antiviral mechanism. There are three individual components of the RNAi 
system, namely the small interfering RNA (siRNA), the micro RNA (miRNA) 
and the PIWI-interacting RNA (piRNA) pathways. The siRNA pathway is 
predominantly considered an antiviral mechanism, while miRNAs have 
important roles in regulation of gene expression and piRNAs are important 
for the protection of germ line DNA from retrotransposons. While the 
siRNA pathway has been considered the most important antiviral response 
in mosquitoes, the antiviral role of piRNAs is becoming more and more 
evident. A number of studies have implicated virus-derived piRNAs in the 
control of alpha-, bunya- and flaviviruses in Aedes mosquitoes. Culex 
mosquitoes are important vectors of arboviruses, such as West Nile virus, 
but they are considerably less studied than Aedes mosquitoes, vectors 
of for example dengue virus. In the present study we investigated the 
role of the PIWI pathway in antiviral defenses of Culex mosquitoes. 
We characterized expression of putative Piwi pathway components in 
Culex quinquefasciatus and C. pipiens mosquito tissues, as well as C. 
quinquefasciatus Hsu cells. Interestingly, while all six PIWI genes were 
highly expressed in ovaries, only selected PIWI genes were expressed at 
high levels in mosquito midguts and Hsu cells, possibly indicating the 
importance of these PIWI proteins in antiviral defenses rather than just 
germ line protection. The putative antiviral role of individual PIWI proteins 
was then determined in Hsu cells by silencing of Piwi gene expression and 
subsequent virus infection. This is the first study to implicate the piRNA 
pathway in Culex antiviral defenses.
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1446
EXPERIMENTAL WEST NILE VIRUS EVOLUTION USING A 
NATURAL TRANSMISSION MODEL: DETERMINING THE 
ROLE OF VECTOR-HOST INTERACTIONS IN SHAPING VIRAL 
POPULATIONS

Nathan Grubaugh1, Claudia Rueckert1, Joseph R. Fauver1, Alex 
Gendernalik1, Selene Garcia-Luna1, Reyes D. Murrieta1, Darci R. 
Smith2, Doug E. Brackney3, Greg D. Ebel1
1Colorado State University, Fort Collins, CO, United States, 2Southern 
Research Institute, Frederick, MD, United States, 3The Connecticut 
Agricultural Experiment Station, New Haven, CT, United States

West Nile virus (WNV) is a dynamic, evolving entity that can adapt to a 
wide range of environments and infect many different host species. It is 
primarily maintained in an enzootic cycle by Culex species vectors and 
avian hosts. Microhabitat-specific aspects of WNV transmission, such as 
how often the vectors and hosts interact, may drive evolution on a local 
scale. We have developed an in vivo model for WNV transmission using 
Culex mosquitoes and young chickens to 1) characterize intrahost WNV 
evolution during transmission and 2) to determine the degree to which 
the frequency of transmission influences WNV population structure and 
infection phenotype. We will use next generation sequencing to track 
changes to the viral populations in mosquito saliva and chick serum during 
several rounds of transmission. Our data suggests that shorter durations 
of mosquito infection (7 vs 21 days post infection) leads to higher viremia 
in chicks upon mosquito bloodfeeding. Multiple cycles of more frequent 
mosquito-to-bird transmission may lead to the selection of WNV variants 
that can be transmitted sooner (i.e. decreased extrinsic incubation periods) 
and increase vectorial capacity. Ultimately, this could help determine how 
periods of rapid transmission can change the genetic foundation of a WNV 
population and give rise to new genotypes.

1447
THE IMPACTS OF CYCLING TEMPERATURE ON WEST NILE 
VIRUS TRANSMISSION IN CALIFORNIA’S CENTRAL VALLEY

Mary E. Danforth, Christopher M. Barker, William K. Reisen
University of California Davis, Davis, CA, United States

West Nile virus (WNV), a flavivirus from the family Flaviviridae, is of public 
health concern due to its ability to cause disease in both humans and 
animals. It is transmitted between birds by mosquitoes, typically those 
from the genus Culex. The time from a mosquito’s consumption of an 
infected blood meal until it becomes capable of transmitting the virus by 
bite is termed the extrinsic incubation period (EIP) and is temperature-
dependent. The EIP can be expressed in terms of degree-days, a measure 
of the cumulative temperature above a zero-transmission threshold. 
The current model for WNV transmission in California was based on the 
assumption that the number of degree-days to transmission is the same 
under all conditions and that a model calculated using only constant 
temperatures accurately captures the effects of daily temperature cycling 
found in nature. However, research on other vector-borne pathogens, such 
as Plasmodium and dengue virus, has shown that extrinsic incubation 
rates and vector competence depend on the range of daily temperature 
cycles in addition to the daily mean temperature. We examined the 
impacts of daily temperature cycling on WNV transmission using 
temperatures typical of the viral amplification season from March-July in 
a hyperendemic area of California’s Central Valley. In addition to the daily 
air temperature profiles, we considered the impact of realistic mosquito 
exposure temperatures for night-biting C. tarsalis, which are sheltered 
from afternoon peak temperatures. We found that the combination of 
extrinsic incubation time and daily mean temperature explained temporal 
changes in vector competence, but when transmission was expressed as 
a function of degree-days, vector competence was consistently higher for 

the July temperature treatment. Taken together, these results suggests that 
extrinsic incubation rates depend on both cumulative temperature (degree-
days) and other features of the diurnal temperature cycle.

1448
AVIAN VIRULENCE AND VECTOR COMPETENCE PROFILES OF 
EMERGENT LINEAGE 2 WEST NILE VIRUS STRAINS

Hannah Romo1, Michael Anishchenko2, Anna Papa3, Greg D. 
Ebel1, Aaron C. Brault1

1Colorado State University, Fort Collins, CO, United States, 2Division 
of Vector-borne Diseases, Centers for Disease Control and Prevention, 
Fort Collins, CO, United States, 3Aristotle University of Thessaloniki, 
Thessaloniki, Greece

The continuing global dissemination of West Nile virus (WNV) has been 
highlighted by the recent geographic expansion of lineage 2 (L2) West 
Nile strains from sub-Saharan Africa into eastern and southern Europe. 
An NS3-H249P substitution, previously unassociated with L2 WNVs, 
was initially identified in L2 WNV isolates (NS10) made during a Greek 
2010 human WNV disease outbreak. In L1 WNV strains, an NS3-249P 
substitution has previously been associated with increased viremia and 
mortality in corvids as a result of positive selection. In order to assess 
similar avian pathogenic associations with the NS3-249 loci in L2 WNV 
backbones, alternative polymorphisms (Pro/ His) were generated at the 
NS3-249 site in NS10 and South African 1989 (SA89) L2 WNVs. Resulting 
mutant viruses were assessed directly in a highly susceptible American 
crow (AMCR) model. The parental NS10 and SA89 strains displayed 
peak viremias of 9.5 and 7.5 log10 PFU/mL sera with 100% and 33% 
mortality, respectively. The NS10 mutant, NS10 NS3-249H, exhibited 
reduced peak viremia (8.7 log10 PFU/mL sera) and mortality (80%) relative 
to the parental NS10. Reciprocally, the SA89 NS3-249P virus exhibited 
a bolstered peak viremia (9.6 log10 PFU/mL sera) and an increase in 
mortality (100%) relative to the parental SA89 WNV. In order to assess 
if altered vector competence is associated with compensation for lower 
avian viremias elicited by polymorphisms at the NS3-249 loci and/or 
whether this loci could modulate vector competence, three parental L2 
WNV isolates containing a His at the NS3-249 loci (SA89, Hungary 2004 
and Uganda 2009) were compared to NS10 in colonized Culex pipiens 
and C. quinquefasciatus mosquitoes. Initial studies have indicated that 
all four L2 WNVs display similar vector competence profiles following oral 
exposure to varying doses of the viruses and extrinsic incubation periods in 
mosquito species were similar. These results suggest that the emergence of 
the L2 NS3-249P substitution has likely resulted from avian selection and 
its subsequent effect on modulating the force of transmission has been 
independent of inherent direct vector competence effects.

1449
RAPID DETECTION METHODS OF KOREAN SACBROOD VIRUS

Mi-Sun Yoo, Young-Ha Kim, Ha-Na Jung, Hee-Soo Lee, Seung-
Won Kang
Animal and Plant Quarantine Agency, Anyang, Republic of Korea

Sacbrood virus (SBV) is one of the most serious honeybee viruses. The virus 
causes failure to pupate and death in both larvae and adult bees. Recently, 
Korean Sacbrood virus (KSBV) caused a great loss in Korean honeybee 
(Apis cerana) colonies. Although KSBV shows high homology with SBV 
strains, it has unique motifs and causes different symptoms. Therefore, 
a simple, sensitive and specific method for detecting KSBV is needed 
urgently. In this study a reverse transcription loop-mediated isothermal 
amplification (RT-LAMP) and a novel micro PCR-based detection method, 
termed ultra-rapid real-time PCR (URRT-PCR) were applied for rapid 
detection for korean sacbrood virus (KSBV) from honeybees (Apis cerana) 
infected with SBV in Korea. The LAMP could be detect the virus in RT-
LAMP reactions containing 102copies of pBX-KSBV within 30 min, which 
was 10 times more sensitive than a RT-PCR assay. The URRT-PCR showed 
high sensitivities which were able to detect 10 copies in the standard 
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assays. In the application of URRT-PCR detection to an KSBV-infected 
honeybee, the shortest detection time was 10 min 12 sec, including 
reverse transcription. In addition, these methods could be distinguished 
between KSBV and other closely-related SBV strains, These rapid methods 
were rapid molecular-based diagnostic tools and useful tool for the rapid 
and sensitive diagnosis of KSBV infection of honeybees.

1450
THE PREVALENCE AND GENETIC DIVERSITY OF SAPOVIRUS 
IN A NESTED CASE-CONTROL STUDY OF A PERUVIAN PERI-
URBAN COMMUNITY

Xiaofang Liu1, Holger Mayta2, Robert H. Gilman3, Michiko 
Okamoto1, Lilia Cabrera4, Jean E. Crabtree5, Vitaliano Cama6, 
Mayuko Saito1, Hitoshi Oshitani1
1Tohoku University Graduate School of Medicine, Sendai, Japan, 
2Universidad Peruana Cayetano Heredia, Lima, Peru, 3Johns Hopkins 
Bloomberg School of Public Health, Baltimore, MD, United States, 
4Asociacion Benefica PRISMA, Lima, Peru, 5Leeds Institute of Molecular 
Medicine, University of Leeds, Leeds, United Kingdom, 6Centers for 
Disease Control and Prevention, Atlanta, GA, United States

Human sapovirus (SaV) belongs to the caliciviridae family and a causative 
agent of acute gastroenteritis. Recently, occurrence of SaV has been 
increasing worldwide with emerging SaV GI.2, but its attribution and 
diversity among infant diarrhea has not been reported. A birth cohort 
study to look at infant diarrhea was conducted between June 2007 
and May 2010 in a peri-urban shanty town in Lima, Peru. Stool samples 
from 300 diarrheal episodes and 300 age-season matched non-diarrheal 
samples were selected from archived specimen bank generated from 
this cohort study. The detection rate of SaV were 12.3% in diarrheal and 
5.7% in non-diarrheal stool samples using real-time PCR. The attributable 
fraction of SaV was higher in the second year (13.1%) than that in the 
first year of life in children (2.6%). Ten known genotypes (8 GI.1, 2 GI.2, 
2 GI.6, 7 GI.7, 2 GII.1, 4 GII.2, 2 GII.4, 1 GII.5, 2 GIV, and 5 GV.1) and one 
novel genotype in GII (n=5) were found. Symptomatic reinfection causing 
by different genogroups (n=5) and genotypes (n=3) were observed in eight 
children and it suggest SaV may develop genotype specific immunity. This 
study indicates SaV contributes to community acquired diarrhea, especially 
in the second year of life of infants in developing area. Multiple genotypes 
circulating in one community and possible genotype specific immune 
response could complicate the SaV vaccine development.

1451
DEVELOPMENT OF MOLECULAR ASSAYS FOR THE 
DETECTION OF SOUTH AMERICAN HEMORRHAGIC FEVER 
VIRUSES

Jessica M. Shifflett, Teresa M. Towle, Briana Benton, Glendie 
Marcelin, Sujatha Rashid
ATCC, BEI Resources, Manassas, VA, United States

Of the several viral hemorrhagic fevers (VHF) in South America, there 
are five that are caused by arenaviruses. Due to the necessity of higher 
biocontainment, a diagnosis is usually confirmed through reference 
laboratories. However, diagnosis can be complicated by other VHF 
such as those caused by dengue and yellow fever viruses, requiring the 
development of new molecular tools. Individual qRT-PCR virus-specific 
assays with synthetic RNA or DNA positive control standards were 
developed for Junin, Chapare, Guanarito, Machupo, and Sabiá viruses. 
In certain assays, DNA standards were utilized due to incomplete in vitro 
transcription of the target amplicon (RNA). Parameters tested during 
assay development included sensitivity, specificity as a function of melt 
curve, linearity, and reproducibility. Each assay was found to be sensitive 
enough to detect between 10 and 100 genome equivalencies per reaction 
and formed a single melt peak, indicating primer target specificity. To 
compare the assay performance of RNA versus DNA standards, both types 
of synthetic positive controls for the Junin assay were evaluated. Both 

standards showed comparable performance with respect to sensitivity 
of detection, specificity, PCR efficiency, linearity, and reproducibility. In 
separate studies, we demonstrated the utility of these assays for the 
detection of viral RNA content using a preparation made from irradiated 
inactivated virus as a surrogate to live virus. To test the effectiveness of 
viral detection from a clinically relevant matrix, inactivated Junin virus 
was serially diluted then spiked into normal human serum. Total viral RNA 
was extracted and analyzed using the established Junin qRT-PCR assay. 
The recovery of viral RNA from serum was within 0.5 logs of calculated 
genomic equivalencies to that of viral RNA recovered from positive 
controls. This demonstrates the applicability of the Junin qRT-PCR assay 
with clinically relevant matrices. Our findings show that these assays are 
a sensitive method for the detection of arenavirus causing VHF and could 
potentially be developed for diagnostic testing.

1452
DETECTION OF CORONAVIRUSES IN BATS IN CAMBODIA 
AND LAO PDR

Audrey Lacroix1, Veasna Duong1, Vibol Hul1, Sorn San2, Holl 
Davun2, Keo Omaliss3, Roger Frutos4, Sokha Chea5, Watthana 
Theppangna6, Damien O. Joly7, Zoe Greatorex8, Sarah H. Olson7, 
Lucy Keatts5, Philippe Buchy1

1Pasteur Institute of Cambodia, Phnom Penh, Cambodia, 2National 
Veterinary Research Institute, Ministry of Agriculture Forestry and Fisheries, 
Phnom Penh, Cambodia, 3Forest Administration, Ministry of Agriculture 
Forestry and Fisheries, Phnom Penh, Cambodia, 4Université de Montpellier, 
Montpellier, France, 5Wildlife Conservation Society, Phnom Penh, 
Cambodia, 6National Animal Health Laboratory, Ministry of Agriculture 
Forestry and Fisheries, Vientiane, Lao People’s Democratic Republic, 
7Wildlife Conservation Society, New York, NY, United States, 8Wildlife 
Conservation Society, Vientiane, Lao People’s Democratic Republic

South-East Asia has been identified as hot spot for emerging zoonotic 
diseases. Over the past decade, bats have been recognized as natural 
reservoir for an increasing number of zoonotic viruses such as SARS-
coronavirus, or Nipah virus. Hence, there is the necessity to identify 
known and novel infectious diseases in bats which may constitute a risk 
to the human population. In our study, we assessed and characterized 
the presence of coronaviruses (CoVs) in bats at interfaces with human 
populations in Lao PDR and Cambodia. Bat samples (organs, swabs, 
urine, feces) were collected in several provinces of Cambodia and 
Laos from 2010 to 2014 and tested for the presence of coronavirus 
by RT-PCR targeting the RdRp gene. Positive samples were sequenced 
and phylogenetic analyses of RdRp fragments (430 bp and 1500bp) 
were conducted to determinate their relationship with other known 
coronaviruses. A total of 83 coronavirus positive samples were detected 
in microchiroptera and fruit bats, including 35 αCoV and 48 βCoV. All 
βCoV clustered with the group of bat βCoV-HKU9 strains (78 to 99% of 
nucleotide identity). Detected αCoV clustered with different αCoV bat 
strains and 2 samples were closely related to PEDV strains (93% and 96% 
of nucleotide identity respectively) responsible of severe diarrhea in pigs. 
Such results showed the presence and diversity of coronaviruses circulating 
in bat population in Cambodia and Lao PDR. This is the first report of 
coronavirus detection in bat population in these two countries. Further 
molecular epidemiological studies and complete genome sequencing, 
especially the spike protein gene, will shed more light on diversity of those 
coronaviruses and help to estimate the potential zoonotic risk.
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1453
DISTRIBUTION OF THE CIRCULATING ROTAVIRUS 
GENOTYPES BEFORE AND AFTER ROTARIX® VACCINATION 
AT SENTINEL SITES IN SUDAN

Hanan EL Mohammady1, Rania A. Nada1, Amani Mostafa2, 
Rehab El Hag2, Hinda Ahmed3, Hossam Ashmony3, Nadia Teleb3

1U.S. Medical Research Unit No. 3, Cairo, Egypt, 2Central Public Health 
Laboratories, Khartoum, Sudan, 3World Health Organization Regional 
Office for Eastern Mediterranean, Cairo, Egypt

Globally, rotavirus infection is responsible for 37% to 53% of 
hospitalizations due to diarrhea in children below 5 years of age where 
rotavirus vaccination is not routinely administered. In Sudan, rotavirus has 
accounted for 33% of diarrheal cases from 2008 to 2010. These data 
supported the decision of the Sudanese Ministry of Health to introduce 
rotavirus vaccine (Rotarix ®, monovalent G1P[8]) into the national 
immunization program (NIP) in July 2011. This study evaluated the impact 
of rotavirus vaccine on the distribution of rotavirus genotypes. Group A 
rotavirus EIA positive stool samples obtained prior (n=358; 2011) and post 
(n=120; 2013) vaccine introduction, were genotyped using two-step RT-
PCR and DNA sequencing. Stool samples were collected from three sites in 
Sudan: SDKK, SDFO and SDGG. No significant change was observed in the 
prevalence of diarrhea after vaccination. However, Rotavirus G9 frequency 
increased from 0.3% to 67.5% post vaccination. Almost half of rotavirus 
G9 strains identified in mixed infections with rotavirus G2 strains. Post 
vaccination, the frequency of genotype G1 decreased from 9.5% to 5.8%. 
Additionally, rotavirus P[8] rate increased from 12.3% to 32.5% post 
vaccination. We noted change in the wild type sequence within 87.5% of 
the P[8] strains post vaccination. G1 completely disappeared from samples 
from SDKK and SDFO while G9 was predominant in both sites. At SDGG 
site, a dramatic decline in G2 was noted (82.9% to 6.1%), combined 
with an increase of G9 from 0.8% to 32.7%. For VP4,a reduction in P[4] 
(62% to 4.1%) in conjunction with increased P[8] (16.3% to 53.1%) was 
observed at SDGG. Rotavirus P[4] remained the dominating genotype at 
the other two sites. Out data suggests that the Rotarix ® vaccine did not 
reduce the overall prevalence of the virus in patients in Sudan. However, 
the selective pressure of vaccine administration resulted in the changes 
within circulating genotypes. Whether rotavirus G9 and mutated P[8] 
strains emerged as a result of vaccination and replaced endemic rotavirus 
G1 and P[8] strains in Sudan remains to be seen.
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CO-INFECTIONS WITH MONKEYPOX AND VARICELLA 
ZOSTER VIRUSES, THE DEMOCRATIC REPUBLIC OF THE 
CONGO, 2010-2013

Christine M. Hughes1, Lindy Liu1, Andrea M. McCollum1, Whitni 
Davidson1, Benjamin Monroe1, Darin Carroll1, Kimberly Wilkins1, 
Yu Li1, Kay Radford1, D. Scott Schmid1, Joelle Kabamba1, Beatrice 
Nguete2, Robert Shongo Lushima3, Toutou Likafi2, Marcel Pie 
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Karhemere5, Jean-Jacques Muyembe Tamfum5, Emile Wemakoy 
Okitolonda2, Mary G. Reynolds1
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Monkeypox (MPX) is an acute febrile rash illness that is endemic in the 
Democratic Republic of the Congo (DRC). Human MPX is caused by a 
zoonotic orthopoxvirus (OPXV), monkeypox virus (MPXV). One febrile 
rash illness that can be mistaken for MPX is chickenpox, caused by 
varicella zoster virus (VZV). In 2010, Tshuapa District, DRC, implemented 
an enhanced surveillance system for human MPX, which incorporates 

the collection and laboratory testing of at least two lesion specimens 
per patient. Between December of 2010 and April of 2013, 611 suspect 
MPX patients were investigated. Of those, 216 (35.4%) patients were 
positive for MPXV and 405 (66.3%) were positive for VZV. 71 (11.6%) 
patients had specimens that were positive for MPXV and VZV, indicating 
a co-infection. Patients with co-infections ranged in age from 1-42 years 
(mean 13.8 years); 38 were male and 33 were female. Co-infections were 
observed in ten of the twelve Tshuapa health zones. The majority (n=47, 
66.2%) of co-infected patients had a reported occupation of “child” or 
“student”. In addition to rash and fever, the most common symptoms 
reported by co-infected patients were fatigue, headache, and chills. The 
rash burden for co-infected patients averaged to 97 lesions per patient 
with the thorax, arms, and legs being the sites with the highest lesion 
counts. The rash burden for these patients was higher than those seen 
with VZV alone (average=86) and lower than those with MPX alone 
(average = 129). While MPXV and VZV co-infections have been reported 
in the past, this is the first time these patients have been examined and 
documented to this extent. The surveillance protocol of collecting at least 
two specimens from distinct lesions may assist in the identification of 
co-infections. Laboratory results from these specimens show biological 
evidence for MPXV and VZV co-infection, where one distinct lesion yields 
one virus. Understanding and documenting differences in symptoms, 
disease severity, and diagnostic results for febrile rash illnesses will help 
guide case investigation procedures and clinical case management in areas 
where both viruses circulate.
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EVALUATION OF THE GENEXPERT FOR HUMAN MONKEYPOX 
DIAGNOSIS IN THE DEMOCRATIC REPUBLIC OF CONGO
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Frida Nkawa6, Stomy Karhemere6, Jean-Jacques M. Tamfum6, Emile 
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Monkeypox virus (MPXV), a zoonotic Orthopoxvirus, is endemic and 
causes human infections in the Democratic Republic of Congo (DRC). 
Molecular diagnostics for human monkeypox are currently limited to real-
time quantitative PCR assays (qPCR) in sophisticated laboratory settings, 
and a simpler system designed to perform well in field conditions is 
needed to promptly diagnose new infections. Here, we evaluated the 
accuracy and utility of a multiplex MPXV assay using the GeneXpert 
platform, a portable rapid diagnostic device that may serve as a point-of-
care test to diagnose infections in the endemic areas. The Multiplex MPXV 
assay includes a MPXV specific qPCR test, Orthopoxvirus (OPXV) generic 
qPCR test and an internal control qPCR test. In total, 106 diagnostic 
specimens (32 crusts, 74 vesicular swabs) were collected from suspect 
monkeypox cases in Tshuapa District, DRC under national surveillance 
guidelines. The specimens were tested with the GeneXpert MPXV assay 
and an OPXV qPCR assay at the Institut National de Recherche Biomedicale 
(INRB) in Kinshasa. Aliquots of each specimen were tested with a second 
GeneXpert system and a q-specific MPXV qPCR assay at the Centers for 
Disease Control and Prevention (CDC). The results of the MPXV qPCR were 
used as the gold standard for all analyses. The OPXV assay at INRB showed 
a sensitivity of 88% and a specificity of 51%. The GeneXpert MPXV 
assay at INRB had a sensitivity of 100% and specificity of 96%, and the 
GeneXpert MPXV assay at CDC similarly showed a sensitivity of 100% and 
specificity of 100%. The GeneXpert assay was equally sensitive with both 
crust and vesicle samples. The GeneXpert monkeypox test incorporates 
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a simple methodology and the results were sensitive and specific for 
monkeypox, suggesting its viability as a diagnostic platform that can be 
easily employed in established labs and/or field settings.

1456
RUBELLA VACCINATION IN INDIA: IDENTIFYING BROAD 
CONSEQUENCES OF VACCINATION INTRODUCTION, 
KEY KNOWLEDGE GAPS AND RECOMMENDATIONS FOR 
ADDRESSING THEM

Amy K. Winter1, Santanu Prahamanik2, Justin Lessler3, Bryan T. 
Grenfell1, C. J. Metcalf1

1Princeton University, Princeton, NJ, United States, 2Public Health 
Foundation of India, Delhi, India, 3Johns Hopkins University, Baltimore, 
MD, United States

Rubella is a mild childhood disease, but infection during early pregnancy 
may cause fetal death, spontaneous abortion, or the birth of an infant 
with congenital rubella syndrome (CRS). In 2014, India announced their 
plan to introduce rubella-containing vaccine (RCV) into India’s national 
measles immunization program. The success of India’s rubella vaccination 
program will depend on maintaining a critical threshold of vaccination 
coverage. Empirical analyses have shown that `insufficient’ levels of 
RCV coverage can result in an increase in CRS incidence in the short 
term, by increasing the age of infection without sufficiently reducing 
incidence of rubella cases. Using a deterministic age-structured model 
that accounts for state-specific demography and vaccination coverage 
levels, we simulated rubella dynamics across India in the presence and 
absence of the introduction of RCV into the public sector. We show that 
the effect of introducing the rubella vaccine at coverage levels equal to 
current measles coverage on the incidence of CRS is highly sensitive to 
the basic reproductive number for rubella in India. As the assumed basic 
reproductive number of rubella increases, the risk of an increase in CRS 
incidence post vaccine also increases. The basic reproductive number 
for rubella in India is an unknown parameter due to poor surveillance of 
rubella incident cases and a lack of rubella serological surveys among the 
general population in India. The second part of the analyses therefore uses 
simulation tools to explore optimal serological survey designs and analysis 
techniques to strengthen inference of rubella epidemiologic parameters 
in India. All results are conservative to model assumptions and limitations, 
and tend to underestimate of the benefits of public sector vaccine 
introduction.
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THE SPEED AND DIRECTION OF EBOLA SPREAD IN GUINEA, 
LIBERIA AND SIERRA LEONE

Kate Zinszer1, Kathryn Morrison2, Aranka Anema1, Maimuna S. 
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1Harvard Medical School, Boston, MA, United States, 2McGill University, 
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In speed outpacing control efforts, the Ebola virus disease (EVD) epidemic 
in West Africa has spread across Guinea, Liberia, and Sierra Leone 
infecting an estimated 25,515 of individuals and claiming over 10,500 
lives as of 5 April 2015. The outbreak likely began in early December 
2013 in the southeastern district of Guéckédou, Guinea, and variety of 
risk factors have contributed to the human-to-human spread of EVD 
including caring for the infected, involvement in funeral preparations of 
infected corpses, and healthcare infrastructure. At the population level, 
mobile populations, porous borders, and commercial air travel patterns 
have influenced the frequency and breadth of EBV transmission. However, 
little is known about the speed and pattern of EVD spread in the current 
epidemic. The goal of our analysis was to calculate the velocity of spread 
of EVD in Guinea, Liberia, and Sierra Leone. Publically available data from 
the World Health Organization (WHO) were used for this analysis, which 
we restricted to confirmed cases of EVD. Using a surface trend analysis, 

the speed and direction of EVD diffusion was calculated for each district. 
The average speed of EVD spread across Guinea, Liberia, and Sierra Leone 
was 13.8 km/week, and varied from 1.9 km/week to 69.6 km/week. There 
was a radial pattern of diffusion from the initial EVD-affected districts 
that bordered Guinea and Liberia. Other spatial patterns of spread were 
present, which could likely be explained by the translocation of infected 
individuals. Understanding the movement of EVD is useful for identifying 
the timing and placement of treatment and containment efforts. These 
methods can be applied prospectively and also to other infectious diseases, 
to understand the broad pattern of spatial and temporal spread.

1458
EXTRACELLULAR MICROVESICLES MEDIATE RECEPTOR-
INDEPENDENT TRANSMISSION OF NOVEL TICK-BORNE 
BUNYAVIRUS

Jesus A. Silvas, Patricia Barrera, Adriana Paulucci-Holthauzen, 
Xuejie Yu, Vsevolod Popov, Patricia Aguilar
University of Texas Medical Branch, Galveston, TX, United States

Severe Fever with Thrombocytopenia Syndrome virus (SFTSV) is a newly 
recognized member of the family Bunyaviridae genus Phlebovirus. 
The virus was isolated from patients presenting with hemorrhagic 
manifestations and an initial case fatality rate of 12-30% was reported. 
Knowledge concerning exploitation of cellular processes by SFTSV is 
currently limited. Recently, we reported that the nonstructural NSs protein 
of SFTSV is a potent inhibitor of interferon (IFN) responses. We also 
found that SFTSV NSs relocalizes key components of the IFN pathway 
into SFTSV NSs-positive cytoplasmic structures and that these structures 
co-localize with the early endosomal marker Rab5 but not with Golgi or 
endoplasmic reticulum markers. In this study, we have investigated the 
role these structures play during SFTSV infection. We conducted live cell 
imaging studies in cells stably expressing the SFTSV NSs to gain further 
insight into the role and trafficking of these cytoplasmic structures during 
virus infection. Astonishingly, we found that some of the SFTSV NSs-
positive cytoplasmic structures were secreted to the extracellular space and 
endocytosed by neighboring cells. Electron microscopy and biochemical 
analyses of secreted structures isolated from SFTSV NSs-expressing cells 
and SFTSV infected cells, revealed that these structures were positive 
for SFTSV NSs, and the host protein CD63, a protein associated with 
extracellular microvesicles. Our study also revealed that the isolated 
CD63-immunoprecipitated extracellular microvesicles produced during 
SFTSV infection contained high numbers of viral RNA copies and that the 
viral RNA was efficiently delivered to uninfected cells and were able to 
sustain SFTSV replication in the absence of infectious virus. Overall, our 
results suggest SFTSV exploits extracellular microvesicles to mediate viral 
RNA receptor-independent transmission to host cells. To our knowledge, 
this is the first report describing exploitation of microvesicles to mediate 
virus infection among members of the Bunyaviridae family and other 
arboviruses, and open the avenue for novel therapeutic strategies against 
SFTSV.

1459
MEASLES OUTBREAK IN NAUGAON BLOCK, UTTARKASHI 
DISTRICT, UTTARAKHAND, INDIA, APRIL-AUGUST, 2014

Somashekar Dundaiah1, Kapil Goel1, Rajshree P2, Umid 
Sharapova3, James Goodson3, Padmini Srikantaiah4, Kayla 
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Although India is working toward measles elimination, measles still 
prevails as an outbreak prone disease reported with 310 outbreaks and 
10059 cases till August, in the year 2014. There is a need to understand 
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the epidemiology of measles outbreaks to help achieve elimination. In 
June, 2014, Uttarakhand state reported 18 children with fever and rash, 
including one death in Naugaon block, Uttarkashi district. Suspecting 
measles, an outbreak investigation was conducted from July 30 - August 
6, 2014. A suspected measles case was defined as onset of fever and 
rash with ≥1 of cough, coryza, or conjunctivitis during April 1-August 
5, 2014 in a resident from either of two affected villages in Naugaon 
block. We did house to house survey for active case finding and assessed 
measles vaccination coverage among 9 -59 months old children. Measles 
vaccination status was determined by vaccination card or mother’s history 
with record verification of at least one dose of measles vaccine. We 
assessed risk factors by 1:1 unmatched case-control study. Controls were 
persons aged <15 years from case-patient’s house or neighbourhood 
without fever, rash, cough, coryza, or conjunctivitis. Case management 
with vitamin A was also assessed. We performed serologic test using ELISA 
for measles-specific IgM antibodies. There were 65 cases with one death; 
median age was 4 years (range: 8 months-21 years). Age specific attack 
rates were highest in 1-4 (23/49, 41%) and 5-9 years groups (21/70, 
30%). Measles vaccination coverage was 51% (37/73). 75% (44/58) of 
cases and 57% (33/58) of controls not being vaccinated for measles (OR: 
2.36, 95% CI: 1.07-5.34) and sharing the room with > 2 children (OR: 5.1, 
95%CI: 1.1-35.9) were significant risk factors. Among cases, 14 (21.5%) 
were managed with vitamin A. Among 17 serum samples tested, 14 were 
positive. Low vaccination coverage and close contact with the cases led 
to propagation of this outbreak. Outbreak response immunization, case 
isolation, case management with vitamin A and > 95% coverage with two 
doses of measles vaccine are needed.

1460
ARTESUNATE-AMODIAQUINE IS ASSOCIATED WITH 
REDUCED EBOLA MORTALITY

Etienne Gignoux1, Andrew S. Azman2, Iza Ciglenecki3
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Malaria treatment is recommended for all suspected cases of Ebola virus 
disease (EVD), either presumptively or based on malaria diagnosis. In Foya 
Ebola Treatment Center (ETC), Lofa County, Liberia, the first-line anti-
malarial, artemether-lumefantrine (AL), ran out for a two-week period in 
August 2014; during this time patients received artesunate-amodiaquine 
(ASAQ), which includes amodiaquine, a compound with anti-Ebola 
virus activity in vitro. With standardized line-list data we estimated the 
relative risk of mortality in confirmed EVD patients prescribed ASAQ 
compared to either AL or no anti-malarial therapy, using unadjusted and 
adjusted regression models. Between 5 June_21 October 2014, 382 
patients with confirmed EVD were admitted to the Foya ETC, with 194 
prescribed AL and 71 prescribed ASAQ at admission. Patients prescribed 
ASAQ were similar to those prescribed AL or no anti-malarial therapy. 
Sixty-four percent (125/194) of patients prescribed AL died, compared to 
51% (36/71) for ASAQ. In adjusted analyses, ASAQ prescription reduced 
mortality risk by 31% (risk ratio 0.69, 95% confidence interval, 0.54_0.89) 
compared to AL, with a stronger effect in individuals without malaria. 
Age, cycle threshold value at admission, total number of ETC inpatients 
on the day of patient admission, and IV rehydration were associated with 
risk of dying in the adjusted model. Artesunate-amodiaquine may provide 
substantial protection against EVD mortality compared to AL. While more 
pre-clinical and clinical research is needed to understand these biologically 
plausible findings, health policy makers should consider recommending 
ASAQ for all EVD patients regardless of malaria status.

1461
A TENTATIVE NEW PHLEBOVIRUS ASSOCIATED WITH A 
DENGUE-LIKE FEVER ILLNESS IN PANAMA

Jean Paul Carrera1, Yamilka Díaz2, Davis Beltran2, Brechla 
Moreno2, Juan M. Pascale2, Robert B. Tesh3, Sandra Lopez-Verges2
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The genus Phlebovirus (Phlebovirus, Bunyaviridae) is composed of 
approximately 70 viruses that are classified into two broad groups: the 
Sandfly fever group and the Uukuniemi group. Recently, a third distinct 
group within the genus was described and is composed of two mosquito-
specific viruses. In Panama only two members of the Sandfly fever 
group, Chagres and Punta Toro Viruses, has been related with human 
disease. In order to detect the circulation of both members we develop 
a human retrospective cross-sectional survey from samples collected 
through the dengue surveillance program in 2009 to 2014. Viral RNA 
was extracted from acute sera samples, with a previous dengue negative 
results, and tested using phlebovirus genus-specific RT-PCR as described 
previously. Amplicons generated were purified directly and sequenced 
in both directions with the RT-PCR primers. The segment analyzed is 
based in a higly conserved gene thougth the pheblovirus genus. After its 
identification using Basic Local Alignment Search Tool Software consensus 
sequences from the partial L gene of the phleboviruses, sequences of 
interest were aligned with representative homologous sequences from the 
GenBank library using the MUSCLE program as amino acids. An optimal 
maximum likelihood tree was then generated with GTR+G model. One 
thousend bootstrap replicates were calculated. Phylogenetic analyses were 
conducted using MEGA*, version 6. Four samples from 2009 and two 
from 2014 were RT-PCR phlebovirus positive. Phylogentic analysis from 
the partial L segment detected in human samples indicated that the virus 
belongs to the Naples serocomplex that had not been previously detected 
in Panama. Because 30% of received acute samples from the dengue 
surveillance program are negative for dengue virus, it seems likely that 
human infections with other arboviruses, specially with Phlebovirus Sandfly 
fever members are more frequent than is now being recognized. More 
studies to sequence the completed genome of the virus and increased the 
resolution of evolutionary analysis are being conducted.
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SAFETY AND IMMUNOGENICITY OF THE HETEROLOGOUS 
PRIME-BOOST EBOLAVIRUS VACCINE REGIMEN CHAD3-EBO 
Z AND MVA-BN® FILO IN HEALTHY UK ADULTS
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Viral vectored vaccines using chimpanzee adenoviruses and Modified 
Vaccinia Ankara (MVA) vectors have demonstrated efficacy against 
Ebolavirus challenge in non-human primates. This Phase 1 trial was 
designed to assess the safety and immunogenicity of 2 novel Ebolavirus 
vaccines in healthy UK adults: the monovalent chimpanzee adenovirus 
3 vector encoding Zaire Ebolavirus glycoprotein (ChAd3-EBO Z) and the 
multivalent MVA encoding multiple filoviral proteins (MVA-BN® Filo). 60 
healthy adult volunteers were recruited in Oxford, UK and vaccinated 
with a single dose of the ChAd3-EBO Z vaccine at three dose levels 
(groups 1-3): 1x1010 viral particles (vp), 2.5x1010 vp and 5x1010 vp (n = 20 
per group). Of these subjects, 30 received a heterologous boost 3 to 10 
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weeks later with MVA-BN® Filo at 2 dose levels: 2.2x108 TCID50s (n=18) 
and 4.4 x 108 TCID50s (n=12). Safety was assessed over the subsequent 
4 weeks. Antibodies were measured by ELISA, T cell responses by ELISpot 
and flow cytometry assays were performed. The trial was then extended to 
include 4 additional groups (groups 4-7) to assess the effect of a reduced 
prime boost interval (either 1 or 2 weeks), and the effect of a further 
reduced dose of MVA-BN® Filo (4.4 x 107 TCID50s). In groups 1-3, both 
ChAd3-EBO Z and MVA-BN® Filo were well tolerated in all subjects, with 
short-lived, predominantly mild adverse events, and a low rate of febrile 
reactions. Both ChAd3-EBO Z alone, and the heterologous prime boost 
regimen were immunogenic at all dose levels with induction of both 
antibodies and T-cells on ELISpot and flow cytometry. Vaccination in the 
extension groups 4-7 is ongoing. Safety and immunogenicity data from 
these groups will be presented. Initial assessment of ChAd3-EBO Z and 
MVA-BN® Filo show these vaccines to be safe and immunogenic. These 
results suggest that this regimen is suitable for further evaluation as a tool 
to protect healthcare workers, and aid control of Ebola outbreaks.
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COMPARISON OF IMMUNOLOGICAL MEDIATORS IN DENGUE 
PATIENTS OF TWO ANCESTRAL GROUPS, COLOMBIA

Berta N. Restrepo1, Ivony Y. Agudelo1, Carlos A. Sariol2, 
Petraleigh Pantoja2, Leidy D. Piedrahita1, Gonzalo Alvarez3
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Colombia is a country with endemic transmission of dengue; besides its 
population has racial mixture diversity. On the other hand, studies shown 
that host genetic susceptibility can contribute in clinical outcomes. We 
developed a cross sectional study and we compared serum levels of 
immunological mediators between two Colombian populations: Afro-
Colombians and Mestizos each group with 48 individuals. In the acute 
serum sample were measured the following cytokines: IL-1β, IL-1ra, IL-2, 
IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12, IL-13, IL-15, IL-17, TNF-α, IFN-γ; 
chemokine: MCP-1, MIP-1α, MIP-1β, RANTES, IP-10, Eotaxin and growth 
factors: basic FGF, G-CSF, GM-CSF, PDGF-BB, VEGF. We found that dengue 
hemorrhagic fever and thrombocytopenia were more frequent in mestizo 
that in Afro-Colombian patients. Levels of IL-2, IL-5, IL-7, IL-9, IL-12 IFN-γ 
and IL-17 were statistically significant higher in Mestizo with dengue 
virus infection. The current study shown differences in levels of cytokines 
with pro-inflammatory function or related to cellular and humoral 
immune responses. These are important findings because can contribute 
to knowledge about the immunological response to dengue infection 
according to the diversity racial.
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Previous demographic surveys have determined immunization status 
through vaccination cards and maternal recall, however this may not be 
the most reliable method for obtaining vaccination status in children. We 
proposed a novel method for adding a seroprevalence study in conjunction 
with the 2013 Demographics and Health Survey (DHS) in DRC, to assess 
population immunity. We screened 8,117 children aged 6 - 59 months 

for IgG antibodies against tetanus using dried blood spots (DBS) collected 
during the study. These results were compared to reported data on 
vaccination status. The data was broken down by sex and age to explore 
differences between reported rates and seroprevalence. Overall for tetanus 
immunity, we found a seroprevalence of 36.0%, children with reporting 
complete tetanus vaccination (3 doses) by cards or maternal recall was 
60.5%. Children with vaccination cards seen had the highest rates of 
positive antibody response compared to those with a card not seen and 
maternal recall (55.6% vs. 37.8% vs. 27.4%, respectively). Additionally, 
as number of doses received increases (1 to 3), there was a slight increase 
in seroprevalence results for results reported by card and maternal recall 
(56.3% to 58.6%, respectively, and 41.9% to 44.6%, respectively). 
Children reporting never vaccinated had a 15.6% seropositivity, if the 
received 1 or 2 doses (considered drop-outs), they conferred slightly higher 
immunity (19.5% and 24.4%). Similar results were seen when looked at 
by sex. Children 12-23 months had slightly higher immunity, but had a 
greater range between if reported by card or maternal recall. The immunity 
for tetanus was higher for those with vaccination cards compared to those 
that had maternal recall. However, overall maternal recall and vaccination 
status, both overestimated the seroprevalence of tetanus. This data should 
be used to show the improved information on coverage rates and where 
immunity gaps exist that could be obtained using seroprevalence studies in 
place of or in coordination with reported coverage surveys.
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MOLECULAR CHARACTERIZATION OF THREE VIRUS 
BELONING TO GUAMÁ SEROGROUP (ORTHOBUNYAVIRUS, 
BUNYAVIRIDAE)

Valéria L. Carvalho, Márcio Roberto T. Nunes, Daniele B. 
Medeiros, Clayton P. Lima, Sandro P. Silva, Jedson F. Cardoso, João 
L. Vianez, Davi T. Inada, Pedro F. Vasconcelos
Evandro Chagas Institute, Belém, Brazil

The Guamá virus serogroup (Bunyaviridae: Orthobunyavirus) is among 
the first groups of viruses identified in the Brazilian Amazon, in Belém, 
Brazil, in the 1950s. The prototype, the Guamá virus (GMAV, strain BE 
AN 277) was isolated from the blood of a sentinel monkey Cebus apella 
in the Oriboca Forest (Pará State, Brazil) in 1955. The Bimiti virus (BIMV), 
originally isolated in Port of Spain, Trinidad in 1955, after some years, it 
was isolated in Brazil (Utinga Forest, Belém municipality, Pará State) in 
1966 from Proechimys guyannensis (prototype BE AN 100519). The 
Moju virus (MOJUV, strain BE AR 12590) was initially isolated in 1959 
in a forest area of the “Agronômico do Norte” Institute (nowadays 
EMBRAPA - Brazilian Agricultural Research Corporation), in Belém, Pará, 
Brazil from a pool of Culex (Melanoconion) sp. mosquitoes. GMAV 
has relevance for public health because it causes acute febrile disease in 
humans characterized by fever of sudden onset, headache, arthralgia, 
myalgia, photophobia and asthenia. This study aimed to perform the 
genetic characterization of the three prototype virus strains of the Guamá 
virus serogroup isolated in the Brazilian Amazon: GMAV, BIMV, MOJUV. 
These viruses were sequenced and we got complete sequences of the 
S-RNA, M-RNA and L-RNA segments of them. The genomic organization 
of these viruses is compatible with the organization of members of 
Orthobunyavirus, except for the absence of the NSs protein. It was 
identified for the Guamá group conserved motifs for the N gene of other 
Orthobunyaviruses, some even involved with viral replication, as well as, 
conserved motifs for L-RNA segment called I, II, III and IV regions and the 
motifs of the Region III (Pré-A, A, B, C, D, and E). Based on nucleotide- 
and aminoacid- sequences of the three RNA segments, the higher degree 
of genetic similarity exhibited occurred between the GMAV and BIMV. 
The most divergent for all genomic segments evaluated was the MOJUV. 
This relationship is according to phylogenetic analysis for S-RNA, M-RNA, 
and L-RNA segments. Moreover, the findings of this study agree with the 
serological analysis previously described for the Guamá virus serogroup.
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1466
EXAMINING DISCREPANCIES IN MEASLES VACCINATION 
AND IGG SEROPOSITIVITY AMONGST CHILDREN AGED 12-23 
MONTHS IN THE DEMOCRATIC REPUBLIC OF CONGO

Adva Gadoth1, Reena H. Doshi1, Patrick Mukadi2, Nicole A. Hoff1, 
Sue Gerber3, Elisabeth Pukuta2, Emile Okitolonda4, Jean-Jacque 
Muyembe2, Anne W. Rimoin1

1University of California, Los Angeles Fielding School of Public Health, Los 
Angeles, CA, United States, 2National Institute for Biomedical Research, 
Kinshasa, Democratic Republic of the Congo, 3Bill & Melinda Gates 
Foundation, Seattle, WA, United States, 4Kinshasa School of Public Health, 
Kinshasa, Democratic Republic of the Congo

Steady monitoring and evaluation of national immunization programs 
is vital to uncovering discrepancies in coverage that leave populations 
susceptible to vaccine-preventable diseases. In countries with weak 
surveillance programs, examination of biomarkers for antigen exposure 
may provide insights into the reach and effectiveness of vaccination 
campaigns, as well as the baseline immunity conferred upon unvaccinated 
groups via passive or active immunization. Using dried blood spots 
collected during the 2013 Demographics and Health Survey (DHS), we 
compared the seroprevalence of anti-measles IgG with survey responses 
regarding vaccination history for 1,766 children aged 12-23 months in 
the Democratic Republic of Congo (DRC). Of those children with reported 
measles vaccination from either vaccination card or maternal recall, 62.1% 
tested positive for measles antibodies (n= 1,155). Within this group, 
69.2% of children with vaccination cards (n= 362) and 58.8% of children 
with maternal declaration of vaccination (n= 793) tested positive for 
measles antibodies. IgG seropositivity was 36.6% amongst those children 
reporting no measles vaccination (n= 543). These data suggest high 
background exposure of young children in DRC to measles, as well as a 
large discrepancy between measles vaccination and the presence of anti-
measles IgG. It is difficult to discern whether the presence of antibodies 
in vaccinated children in the study is due to effective vaccine response or 
other unverified exposure to measles, considering the high seroprevalence 
observed amongst unvaccinated children. Given the high efficacy of the 
measles vaccine in controlled settings, our results implicate the potential 
for haphazardly filled vaccination cards, poor maternal recall, inadequate 
vaccine storage conditions, and interference of preexisting conditions 
(malaria, malnutrition, immunocompromised state) on the effectiveness of 
the vaccine to elicit an immune response. Intervention strategies should 
focus on improvements in cold-chain maintenance alongside general 
activities to improve vaccine coverage in DRC.

1467
PLASMODIUM FALCIPARUM AND BLOOD BRAIN BARRIER: 
LOCAL ADHESION-INDEPENDENT EFFECTS

Chidinma B. Okafor
Armstrong State University, Savannah, GA, United States

This presentation intends to analyze the effects of Plasmodium 
falciparum on the Blood Brain Barrier leading to cerebral malaria through 
adhesion independent events. Plasmodium falciparum prevails to be one 
of the leading causes of mortality and morbidity in sub-Saharan Africa. 
In its severe form, this infection can lead to a severe case of morbidity 
called cerebral malaria. This exposition addresses the following question: 
What is the working mechanism of the blood brain barrier? What are 
local adhesion-independent activities in relationship with Plasmodium 
falciparum? What are the effects of these activities on the blood brain 
barrier? To answer these questions, this study critically examines research 
works and literatures concerning this problem. Moreover, it will offer 
recommendations for possible elimination of malaria in sub-Saharan 
Africa.

1468
INVESTIGATING THE MECHANISMS MEDIATING IMPROVED 
OUTCOMES FOR S-NITROSOGLUTATHIONE REDUCTASE 
(GSNOR) NULL MICE IN EXPERIMENTAL CEREBRAL MALARIA

Robyn E. Elphinstone1, Eric Shikatani2, Mansoor Husain2, 
Jonathan S. Stamler3, Kevin C. Kain1

1Sandra Rotman Centre for Global Health, University Health Network-
Toronto General Hospital, Tropical Disease Unit, Department of Medicine 
and Department of Laboratory Medicine and Pathobiology, University 
of Toronto, Toronto, ON, Canada, 2Toronto General Research Institute-
University Health Network, Department of Medicine and Department of 
Laboratory Medicine and Pathobiology, University of Toronto, Toronto, 
ON, Canada, 3Institute of Transformative Molecular Medicine, Harrington 
Discovery Institute, Case Western Reserve University and University 
Hospitals, Cleveland, OH, United States

Severe and fatal malaria are associated with decreased nitric oxide 
(NO) bioavailability. NO bioavailability is mediated through both soluble 
guanylate cyclase and post-translational S-nitrosylation. Endogenous 
levels of S-nitrosothiols (SNOs) are negatively regulated, in part, by 
S-nitrosoglutathione Reductase (GSNOR). Therefore, we hypothesized 
that the increased levels of SNOs in the GSNOR knockout (KO) mice 
would lead to improved outcomes during experimental cerebral malaria 
(ECM). In support of this hypothesis, we have previously shown that 
GSNOR KO mice had improved survival in ECM. The GSNOR KO mice 
had improved Rapid Murine Coma and Behavioural Scores (RMCBS), and 
improved maintenance of the blood brain barrier. To further investigate 
the mechanisms mediating the improved outcomes, we first measured 
plasma levels of endothelial activation markers (VWF, Ang-2, sICAM-1, and 
sVCAM-1) throughout the course of infection. There were no significant 
differences between the GSNOR KO and wild type (WT) mice at any of 
the time points measured. However, there were significantly higher levels 
of IFN-Gamma on D4, and D5 post infection in the GSNOR KO mice 
compared to the WT mice (p<0.001). This suggested that the GSNOR 
KO mice had altered immune responses to Plasmodium berghei ANKA 
(PbA). In order to evaluate the role the hematopoietic compartment, 
specifically T cells, in mediating improved outcomes for the GSNOR KO 
mice, bone marrow transplants were performed. WT mice were irradiated 
and received either GSNOR KO or WT bone marrow. Eight weeks following 
the transplant, the mice were infected with PbA and followed for survival. 
There was no significant difference in survival between the mice receiving 
GSNOR KO or WT bone marrow. This suggests that a compartment 
outside of the hematopoietic system is mediating protection in the GSNOR 
KO mice. We are currently investigating this hypothesis using reciprocal 
bone marrow transplants. Although the mechanism mediating protection 
is still being investigated, these findings suggest a potential target for 
novel therapeutics for the treatment of cerebral malaria.

1469
PLASMODIUM FALCIPARUM FATTY ACID METABOLISM IN 
LIMITED GLUCOSE GROWTH CONDITIONS

Allison Demas1, Erik Allman2, Selina Bopp1, Pamela Magistrado1, 
Ulf Ribacke1, Sarah Volkman1, Manuel Llinas2, Dyann F. Wirth1

1Harvard School of Public Health, Boston, MA, United States, 2Pennsylvania 
State University, University Park, PA, United States

Despite the importance of fatty acid (FA) metabolism, relatively little is 
known about these pathways in Plasmodium falciparum. Acyl CoA 
Synthetase (ACS) enzymes activate exogenous FAs, and these enzymes 
have expanded to a thirteen-member, polymorphic gene family in P. 
falciparum, suggesting an important role for scavenged FAs. Previously, 
we have used [3H]-hypoxanthine incorporation assays to demonstrate 
restricted parasite growth in limited media conditions, including restricted 
glucose and limited fatty acids. Knockdown of individual ACS family 
members exacerbates this growth defect, suggesting a link between FA 
and carbon metabolism in the parasite. We determined that glucose-
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deprived parasites exhibit FA oxidation (FAO), as measured by release 
of 3H20 from parasites grown in 3H labeled palmitic and oleic acid. 
Restricted glucose growth conditions induced a significant increase in 
FAO as compared to uninfected red blood cells, while parasites grown in 
the standard RPMI1640 did not exhibit FAO. We will update these initial 
findings with the results of metabolic labelling studies and metabolite 
profiling. In addition, we are using Seahorse XFe Bioanalyzer to better 
understand parasite carbon and FA metabolism under these restricted 
growth conditions. Fluorescent sensors detect changes in the pH and 
oxygen consumption of cells in real time, allowing us to measure parasite 
metabolic flux in response to specific substrates. Our observations of FA 
metabolism point to an important role for exogenous FAs and offer a 
potential explanation for the previously reported expansion and positive 
selection of the ACS gene family in P. falciparum. Characterization 
of parasite growth under limited nutrient conditions offers insight into 
the parasite’s metabolic flexibility and ability to survive in different host 
microenvironments.

1470
PLASMODIUM FALCIPARUM EXPRESSES FEVER-INDUCED 
REGULATORS TO MAINTAIN PARASITE LOADS AT 
APPROPRIATE LEVELS FOR HOST AND PARASITE SURVIVAL

Papa Alioune Ndour1, Uyen T Nguyen2, Melanie Rug2, Matthew 
MacKenzie3, Alexander G. Maier2, Pierre A. Buffet1

1INSERM – Paris 6 University, Paris, France, 2Research School of Biology, 
The Australian National University, Canberra, Australia, 3Monash Institute 
of Medical Research, Monash University, Melbourne, Australia

Plasmodium falciparum infection in a non-immune human host 
portends a significant risk of death. The human spleen mechanically 
clears a proportion of circulating ring-infected erythrocytes (rings). This 
innate process potentially favors host survival by reducing the pace at 
which initial steps of infection proceed. Because preventing death of 
infected hosts increases the chances of parasite transmission this should 
also favor parasite survival. Here, we show that P. falciparum expresses 
PIKA-1, a protein that associates with Ring Erythrocyte Surface Antigen 
to form a 390 kDa complex and changes the properties of late rings. 
PIKA 1-expressing rings are recognized and eliminated in the spleen more 
efficiently after exposure to febrile temperatures. As compared to wild-
type PIKA-1-expressing parasites, αPIKA-1 mutants grew faster in vitro. 
In addition, RBC infected with αPIKA-1 mutant rings were retained less 
effectively in biomimetic spleen-like filters and in human spleens perfused 
ex vivo. These phenotypic traits were expressed only after exposure 
of rings at 41°C. Wild-type PIKA-1-expressing parasites were retained 
more effectively by the spleen when the parasite had been exposed to 
41°C while there was no such difference after exposure of wild-type and 
mutants at 37°C. Phagocytosis of infected RBC was greater with wild 
type parasites than with αPIKA-1 mutants. We propose a model where 
parasite expansion is initially rapid until parasite loads are high enough 
for transmission then slowered down by PIKA-1 (probably in collaboration 
with other parasite components) when parasite loads reach fever-inducing 
levels associated with severe complications. PIKA-1 can thus be viewed 
as a fever-induced sensor of high parasite loads that reduces parasite 
expansion when death of the host becomes a short-term risk. PIKA-1 and 
RESA would thus confer P. falciparum a key selective advantage and 
may be original operators of parasite-host co-adaptation toward mutual 
survival.

1471
MALARIA SYSTEMS BIOLOGY AT THE HOST-PATHOGEN 
INTERFACE

Regina Joice1, Alberto Moreno1, Jessica C. Kissinger2, Mary R. 
Galinski1, The MaHPIC Consortium
1Emory University, Atlanta, GA, United States, 2University of Georgia, 
Athens, GA, United States

The Malaria Host-Pathogen Interaction Center (MaHPIC) is a large systems 
biology consortium that uses multi-‘omic data integration approaches 
to study malaria infections and specifically the interactions of diverse 
Plasmodium species with their non-human primate (NHP) and human 
hosts. We are designing and implementing longitudinal investigations 
in NHPs, to build upon existing knowledge of host-parasite interactions 
for several primate species of malaria parasites with diverse biological 
characteristics. We are investigating which features (e.g. genes, 
transcripts, proteins, lipids, metabolites, immune profile) of the host 
and parasite during the course of experimental infections are associated 
with differences observed in malarial disease progression and severity. 
We are comparing different parasite species in the same host using 
P. cynomolgi and P. coatneyi infections of Macaca mulatta (rhesus 
monkey) to model P. vivax and P. falciparum, respectively. We are also 
studying the same parasite (P. knowlesi) in two different hosts, using M. 
mulatta (susceptible) and M. fascicularis (refractory), to identify features 
that confer protection against disease. Finally, we are directly studying 
P. vivax and P. falciparum experimental infections using New World 
monkeys and conducting high-resolution metabolomics analyses involving 
natural human infections and clinical investigations being led from South 
America, Southeast Asia and Sub-Saharan Africa. Altogether, we aim 
to identify novel host and parasite factors involved in malaria disease 
progression in NHPs, and translate these findings to what is observed in 
humans. Furthermore, we aim to address biological questions using NHPs 
that for ethical reasons cannot be approached in clinical studies. The 
MaHPIC includes intensive informatics to generate and release datasets 
for use by the broad scientific community, and mathematical modeling 
and computational analysis to guide ongoing research and to integrate 
and make sense of the large amount of information being generated and 
compared. We will present the status of the project with data featured 
from a series of infections.

1472
MALAWIAN CHILDREN WITH CEREBRAL MALARIA DO NOT 
HAVE MARKERS OF KIDNEY INJURY

Erika Phelps Nishiguchi1, Dan Milner2, Terrie Taylor3, Karl Seydel3
1Michigan State University College of Human Medicine, East Lansing, 
MI, United States, 2Brigham and Women’s Hospital, Boston, MA, United 
States, 3Michigan State University College of Osteopathic Medicine, East 
Lansing, MI, United States

Renal failure is a common manifestation of severe malaria in adults but is 
rarely reported in children. A recent study of children in 9 African countries 
found elevated blood urea nitrogen to be an independent predictor of 
mortality, and other studies have found that elevated creatinine is a marker 
for poor prognosis in children. None of these children were found to have 
frank renal failure. Because assessments of renal function are limited in 
resource-challenged settings, it is possible that clinically relevant kidney 
injury is more widespread in children with severe malaria than has been 
recognized. This study seeks to determine whether Malawian children 
with cerebral malaria (CM) had evidence of kidney injury. Creatinine 
concentration was measured in stored plasma samples from 79 children 
aged 6 months to 12 years who were enrolled in an autopsy study at 
the University of Malawi College of Medicine. Creatinine concentrations 
were compared between differently defined groups. Groups 1 and 2 were 
patients with clinically defined CM during life who either had malarial 
retinopathy (n=25) or did not (n=17). Groups 3 and 4 were patients with 
clinically defined CM during life and either with (n=31) or without (n=13) 
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sequestered parasites on autopsy. Only 2 patients, both with autopsy 
confirmed non-malarial encephalopathy, had creatinine concentrations 
meeting the WHO criteria for kidney injury. There were no statistically 
significant differences in the creatinine concentrations between Groups 
1 and 2, or between Groups 3 and 4. These findings suggest that kidney 
injury is not common in Malawian children with cerebral malaria. However, 
because functional impairment is often significant before elevations in 
plasma creatinine manifest, we will be expanding this study to include 
novel early kidney injury biomarkers KIM-1 and NGAL.

1473
ATTEMPTS TO REVERSE ADAPT AOTUS DERIVED 
PLASMODIUM VIVAX TO IN VITRO CULTURE BY EX VIVO CO-
CULTIVATION WITH HUMAN ERYTHROCYTES

Nicanor Iii Obaldia1, Marlon Nunez1, Sahir Dutary1, Richard 
Thomson Luque2, Kathryn Shaw Saliba3, Manoj T. Duraisingh3, 
John Adams2

1Center for the Evaluation of Antimalarial Drugs and Vaccines, Tropical 
Medicine Research/Instituto Conmemorativo Gorgas, Panama, Panama, 
2Center for Global Health and Infectious Diseases Research, Department 
of Global Health, University of South Florida, Tampa, FL, United States, 
3Department of Immunology and Infectious Diseases, Harvard, T.H. Chan 
School of Public Health, Boston, MA, United States

Plasmodium vivax malaria is widely distributed around the world. The 
lack of P. vivax continuous in vitro culture has limited the advance of 
research in this area. P. vivax has proven difficult to maintain in continuous 
culture, due in part to special culture conditions and its preference for 
invading reticulocytes. In the past, adaptation of malaria parasites to 
Aotus monkeys, have been carried out by replacing human by Aotus 
erythrocytes in a stepwise fashion. Moreover, it has long been known 
that Aotus serum does not support in vitro culture of P. falciparum, and 
that leukocytes removal by filtration is important to avoid phagocytosis. 
However, during filtration, an important number of parasites are retained. 
In order to compare the use of filtered vs retained back-flush recovered 
parasites, on the effect of parasitemia of ex-vivo cultures, and test the 
hypothesis that co-cultivation of Aotus adapted P. vivax parasites with 
malaria naïve human RBCs, reverse adapts Aotus parasites to in vitro 
culture: First, we tested the effect of adding malaria naïve human or 
Aotus RBCs to ex-vivo cultures over parasitemia; then, tested the effect 
of media supplementation with or without 0.5 % glucose or 5 % lipids, 
and, lastly, the effect of adding reticulocytes at different time intervals 
over parasitemia. For this purpose, we used Aotus derived P. vivax SAL-1 
parasites, filtered or retained by a Plasmodipur® device, re-suspended in 
McCoy’s media at 5% HCT, plate it in 4 well plates and incubated under 
a 5% O2, 5% CO2, 90% N2 atmosphere at 37 Celsius. Thin smears 
were prepared and stained with Giemsa to determine % parasitemia 
and staging. Preliminary results indicated that Aotus P. vivax iRBCs co-
cultivated with human RBCs or filter retained had higher and longer 
parasitemias when compare to Aotus RBCs alone or Plasmodipur® filtered 
respectively. In conclusion: Parasitemia in P. vivax Aotus derived ex-vivo 
cultures is enhanced by co-cultivation with human erythrocytes. In general 
Plasmodipur® filter retained parasites had higher and longer ex-vivo 
parasitemias with or without media supplementation.

1474
INTRINSIC VARIATIONS IN CULTIVABILITY OF PLASMODIUM 
FALCIPARUM MALARIA PARASITES

John White1, Anjali Mascarenhas2, Ligia Pereira2, Jayashri Walke2, 
Pooja Gawas2, Ambika Sharma2, Jennifer Guler1, Jennifer Maki1, 
Nagesh Dubhashi2, Edwin Gomes2, Ashwani Kumar3, Jagadish 
Mahanta4, Neena Valecha5, Laura Chery1, Pradipsinh K. Rathod1

1University of Washington, Seattle, WA, United States, 2Goa Medical 
College and Hospital, Bambolim, India, 3National Institute of Malaria 
Research, Panjim, India, 4Regional Medical Research Center, Dibrugarh, 
India, 5National Institute of Malaria Research, New Delhi, India

An understanding of variations in drug resistance, pathogenesis, and 
immune evasion in malaria often relies on culture-adapted Plasmodium 
falciparum parasites. Before making population-based inferences, parasite 
collections require standard methods and precise definition of successful in 
vitro adapted parasites to assure good representation. Patient blood was 
collected from 31 P. falciparum-infected individuals at the Goa Medical 
College and Hospital (Bambolim, Goa, India) during the 2012-2013 
malaria season. After dividing samples into whole blood or washed blood, 
they were further distributed in different media or at different hematocrit 
levels , in duplicate, to give 8 test flasks per original patient sample. In 
vitro adaptation was considered successful when two sequential 4-fold 
increases in parasitemia were observed within 96 hours, after culture for 
as long as 30 days. Later, separately, cryopreserved parasites from the 
day of patient contact were tested again for adaptability but this time in 
parallel using identical host RBC and culture media. Overall, 70% of the 
tested patient samples were successfully culture-adapted. Cultures setup at 
1% hematocrit and 0.5% Albumax adapted most easily, even with whole 
blood inoculations. Success was not limited by low patient parasitemia, 
patient age, recent treatment with antimalarials, or even significant 
delays in sample processing. The speed to adaptability appeared to be 
an intrinsic property of the parasites. Microsatellite analysis confirmed 
that adaptation favored some clones over others. Our findings can help 
assure more complete descriptions of culture-adapted parasite collections. 
Such precision is expected to improve population-based extrapolations of 
findings from cultured parasites to questions of public health importance.

1475
RETINOPATHY-POSITIVE CEREBRAL MALARIA IS ASSOCIATED 
WITH GREATER INFLAMMATION, BLOOD-BRAIN 
BARRIER BREAKDOWN AND NEURONAL DAMAGE THAN 
RETINOPATHY-NEGATIVE CEREBRAL MALARIA

Chandler Villaverde1, Gregory S. Park2, Estela Shabani2, Ruth 
Namazzi3, Robert O. Opoka3, Chandy C. John4

1The Warren Alpert Medical School at Brown University, Providence, 
RI, United States, 2University of Minnesota, Minneapolis, MN, United 
States, 3Global Health Uganda, Kampala, Uganda, 4Indiana University, 
Bloomington, IN, United States

Cerebral malaria (CM) is the most severe neurological complication of 
malaria, and is associated with a case fatality rate of up to 15%, while 
24% of survivors develop long-term neurocognitive sequelae. Examination 
of the ocular fundus in children with CM has revealed a characteristic 
retinopathy that has both diagnostic and prognostic significance. Children 
with CM can be characterized as retinopathy positive (RP) or retinopathy 
negative (RN), but little is known about the pathophysiologic differences 
between these two groups. Understanding the differences between 
RP and RN CM may help shed light on the pathophysiology of malarial 
retinopathy. We compared markers of endothelial activation, platelet 
activation, angiogenesis, oxidative stress, ischemia, inflammation, and 
neuronal damage in Ugandan children with CM admitted to Mulago 
Hospital, Kampala, Uganda who were RN (n=91) or RP (n=170). RP 
children had higher CRP (p=0.008) and ferritin (p<0.001) levels than 
RN children. RP children had an elevated CSF/plasma albumin ratio 
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(p<0.001) and elevated CSF tau protein levels (p=0.024) as compared 
to RN children. Additionally, RP children had significantly elevated total 
(p<0.001) and sequestered (p<0.001) parasite biomass levels compared to 
RN children, but there was no significant difference in circulating parasite 
biomass levels. RP CM is associated with greater parasite sequestration, 
inflammation, blood-brain barrier breakdown, and neuronal damage than 
RN CM.

1476
MATERNAL TO FETAL MICROCHIMERISM IS ASSOCIATED 
WITH PLACENTAL MALARIA AND RISK OF MALARIA DURING 
INFANCY

Whitney E. Harrington1, Coline Gentil2, Robert Morrison3, 
Michal Fried4, Patrick E. Duffy4, J. Lee Nelson5

1Seattle Children’s Hospital/Department of Pediatrics, University of 
Washington School of Medicine, Seattle, WA, United States, 2Clinical 
Research Division, Fred Hutchinson Cancer Research Center, Seattle, 
WA, United States, 3Seattle Biomedical Research Institute, Seattle, WA, 
United States, 4National Institute of Allergy and Infectious Diseases, 
National Institutes of Health, Rockville, MD, United States, 5Clinical 
Research Division, Fred Hutchinson Cancer Research Center/Division of 
Rheumatology, University of Washington, Seattle, WA, United States

Placental malaria (PM) is associated with increased risk of malaria during 
infancy, which may be the result of acquired in utero malaria-specific 
tolerance. Microchimerism (Mc) refers to the harboring of cells or DNA 
derived from a genetically disparate individual, a phenomenon most easily 
observed during pregnancy. We hypothesize that PM, with its associated 
damage to the trophoblast barrier, increases the prevalence and level of 
maternal to fetal Mc. In addition, we hypothesize that maternal Mc may 
increase malaria susceptibility in infancy via direct immune activity of 
maternally-derived microchimeric cells or a Mc-dependent increase in fetal 
tolerance to malaria antigens. We conducted a nested case-control study 
of women with (n=18) and without (n=21) PM and their paired infants, 
drawn from a larger birth cohort from Muheza, Tanzania. To investigate 
Mc, we first genotyped the women and infants for MHC class II alleles to 
identify an informative marker of maternal cells in the infant background, 
looking for a non-shared, non-inherited maternal allele (NIMA). We are 
currently assaying for presence and level of Mc in cord blood using a 
previously validated quantitative PCR-based method, targeting the NIMA 
for each maternal-infant pair. Among 8 controls and 10 cases thus far 
surveyed, PM is associated with presence of Mc (OR=10.5, p=0.07) as 
well as level of Mc (2/100,000 cells vs 2,647/100,000 cells, p<0.001). In 
addition, both presence and level of Mc predict risk of parasitemia during 
infancy independent of PM status (AOR=2.04, p=0.04; per 1% increase in 
Mc cells: AOR=1.08, p<0.001). This preliminary data suggests a possible 
association between PM and increased maternal to fetal Mc, as well as 
an association between maternal Mc and susceptibility to malaria during 
infancy.

1477
CHILDREN WITH SEVERE MALARIAL ANEMIA AND SICKLE 
CELL DISEASE HAVE DECREASED PARASITE BIOMASS AND 
INFLAMMATION BUT INCREASED ANGIOPOIETIN-2 LEVELS 
COMPARED TO CHILDREN WITHOUT SICKLE CELL DISEASE

Casey L. Sautter1, Robert O. Opoka2, Melvin T. Donaldson1, 
Gregory S. Park1, Chandy C. John3

1University of Minnesota Medical School, Minneapolis, MN, United States, 
2Makerere University School of Medicine, Kampala, Uganda, 3Indiana 
University, Bloomington, IN, United States

Malaria is an important cause of morbidity and mortality among children 
with sickle cell disease (SCD, genotype HbSS) living in malaria endemic 
regions. While sickle cell trait (HbAS) has been shown to confer protection 
against infection by the Plasmodium falciparum parasite, and children 

with sickle cell trait or SCD have a lower risk of malaria infection than 
children without SCD (HbAA), children with SCD have higher rates of 
severe anemia and death when hospitalized for malaria. The reasons for 
increased morbidity and mortality from severe malaria in children with SCD 
are not known. In the present study, we assessed biomarkers associated 
with severe malaria pathogenesis in children with severe malarial anemia 
(SMA) admitted to Mulago Hospital in Kampala, Uganda and compared 
these biomarkers in children with SMA who had SCD (n=19) or did 
not have SCD (n=172). Children with SCD were older and had lower 
hemoglobin levels and higher leukocyte counts than children without SCD. 
Children with SCD also had significantly lower sequestered and circulating 
parasite biomass, and evidence of a significantly reduced inflammatory 
response, including decreased C-reactive protein and alpha-1-glycoprotein 
levels, and decreased levels of multiple pro-inflammatory cytokines (TNF-α, 
IL-1Rα, IL-10, IL-12, G-CSF) and chemokines (MCP-1, MIP-1α, RANTES). 
In contrast, as compared to children without SCD, children with SCD had 
significantly higher levels of angiopoietin-2, a marker of endothelial cell 
disruption and increased vascular permeability that has been associated 
with increased mortality in severe malaria. Children with SMA and SCD 
have decreased parasite biomass and a reduced inflammatory response 
when compared to children without SCD, but have evidence of increased 
endothelial cell disruption. Further study is required to assess whether the 
reduced inflammatory response and increased endothelial cell disruption 
correlate with increased morbidity or mortality in these children.

1478
ESTABLISHING AN IN VITRO PLASMODIUM VIVAX CULTURE 
FROM COLOMBIAN CLINICAL ISOLATES

Gustavo E. Quintero1, Paula A. Avilés1, Carolina Lopez2, Manuel 
A. Patarroyo2, Maria F. Yasnot1

1Grupo de Investigaciones Microbiológicas y Biomédicas de Córdoba, 
Universidad de Cordoba, Monteria, Colombia, 2Fundación Instituto de 
Inmunología de Colombia, Bogota, Colombia

One problem, which has delayed better understanding of the host-parasite 
interaction for Plasmodium vivax, has been the inability to maintain an 
in vitro culture for facilitating tests, such as drug susceptibility, red blood 
cell-parasite interaction and the evaluation of new vaccine candidates. It 
was proposed that an in vitro culture of this parasitic species isolated from 
patients living in an endemic area of the Córdoba department should be 
established due to high P. vivax incidence. Three variants of each RPMI 
1640 and McCoy’s 5A media were used; reticulocytes were obtained from 
cord blood and hemochromatosis patients for maintaining and growing 
cultures. Both cord blood reticulocytes and hemochromatosis patients’ 
reticulocytes were enriched by 70% Percoll density gradient. Infected 
samples having more than 50% rings were processed and enriched by 
46% Percoll density gradient and samples having more than 70% mature 
trophozoites by 70%. Parasitised erythrocytes were maintained in a 
37°C anaerobic microenvironment using the candle jar system. Average 
starting parasitaemia observed per crop was 1.58%. Parasites were viable 
for up to 120h when RPMI-1640 culture medium was tested, whereas 
viability increased by up to 140h when culturing the same base medium 
modified in our laboratory. Twenty samples which were viable for up to 
168h were processed once it has been established that our RPMI 1640 
medium variant was as efficient as McCoy’s 5A medium and more efficient 
than that proposed by Russell et al., in 2011. A final 257.38% average 
reticulocyte efficiency was obtained once the samples from umbilical cord 
blood and hemochromatosis patients had been enriched by 70% Percoll 
gradient. Reticulocytes were viable until week 4 when they were kept 
at 40C (1.8% average daily loss). Two invasion assays were performed 
by adding reticulocytes to culture maintained at 6% haematocrit when 
schizonts were observed in culture samples; two possible erythrocyte 
invasion routes were observed in one of these two trials. Colombian P. 
vivax clinical isolates were thus susceptible to growth in the culture media 
tested and it was feasible to adapt them to laboratory conditions.
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1479
DRUG-INDUCED LIVER INJURY AFTER TREATMENT 
WITH ARTESUNATE-ATOVAQUONE-PROGAUNIL FOR 
UNCOMPLICATED PLASMODIUM FALCIPARUM INFECTION

Jessica Manning1, Chanthap Lon2, Sok Somethy2, Worachet 
Kuntawunginn1, Mali Ittiverakul1, Soklyda Chann1, Lek Dysoley3, 
Dustin Harrison4, David Saunders1

1Armed Forces Research Institute of Medical Sciences, Bangkok, Thailand, 
2Armed Forces Research Institute of Medical Sciences, Phnom Penh, 
Cambodia, 3Centre Nationale de Malariologie, Phnom Penh, Cambodia, 
4Navy Army Medical Research Unit, Phnom Penh, Cambodia

Drug-induced liver injury (DILI) is a common phenomenon and often 
underreported in remote settings without laboratory monitoring, such 
as those found in malaria-endemic areas. Atovaquone-progaunil has 
been known to cause subclinical and transient elevation in liver enzymes 
in clinical trials of malaria prophylaxis, but reported liver injury is rare. 
Only one case report in the literature details an episode of hepatitis 
after atovaquone-proguanil prophylaxis. Given AP’s otherwise excellent 
safety profile, the significance of an associated subclinical transaminitis is 
unknown but purportedly, there have been reports where liver function 
test abnormalities have limited treatment with AP. The mechanism by 
which atovaquone-progaunil may cause hepatic injury is unknown, but is 
of concern now that atovaquone-progaunil is being increasingly deployed 
at treatment doses in multidrug resistant settings of Plasmodium 
falciparum. Here, we report an episode of drug-induced liver injury in 
a Cambodian farmer after taking a course of artesunate-atovaquone-
progaunil and a single dose of primaquine for P. falciparum mono-
infection. This incident serves as an important safety signal to remain 
pharmacovigilant, particularly if this efficacious combination regimen is 
more frequently deployed in settings of multidrug resistant P. falciparum 
such as Cambodia.

1480
THERAPEUTIC EFFICACY OF ARTEMISININ-BASED 
COMBINATION THERAPY IN THE TREATMENT OF 
UNCOMPLICATED MALARIA IN TWO ECOLOGICAL ZONES IN 
GHANA AFTER EIGHT YEARS OF DEPLOYMENT

Benjamin Abuaku1, Nancy Quashie1, Neils Quashie2, Keziah 
Malm3, Lydia Quaye1, Kwadwo Koram1

1Noguchi Memorial Institute for Medical Research, Accra, Ghana, 2Centre 
for Tropical Clinical Pharmacology and Therapeutics, University of Ghana 
Medical School, Accra, Ghana, 3National Malaria Control Programme, 
Public Health Division, Ghana Health Service, Accra, Ghana

Malaria remains a major public health problem in Ghana, accounting for 
44% of all outpatient clinic visits, 37.6% of all admissions, and 22.3% 
of all under-five deaths in 2013. Case management based on prompt 
diagnosis and adequate treatment remains the main focus of malaria 
control in Ghana. Artesunate-amodiaquine (AA) combination was 
deployed in 2005 as first line drug for the treatment of uncomplicated 
malaria. This was followed in 2008 with artemether-lumefantrine 
combination (AL) and dihydroartemisinin-piperaquine (DHAP) as alternative 
first line drugs for patients unable to tolerate AA. Since 2005 ten sentinel 
sites, representing the ecological zones of Ghana, have been monitoring 
the therapeutic efficacy of artemisinin-based combination therapies (ACTs) 
in the country using the World Health Organization’s (WHO) protocols for 
antimalarial drug efficacy assessment. After 8 years of ACT deployment 
in the country, per protocol analyses for two ecological zones studied 
(savannah and forest) showed significantly higher day-28 pcr-uncorrected 
cure rate for AA compared with AL. In the savannah zone, pcr-uncorrected 
cure rates were 97.3% (95% CI: 90.7, 99.7) for AA and 56.3% (95% CI: 
37.7, 73.6) for AL (p<0.001). In the forest zone pcr-uncorrected cure rates 
were 98% (95% CI: 89.4, 99.9) for AA and 85.2% (95% CI: 77.7, 91.0) 
for AL (p=0.031). Kaplan-Meier survival analysis for the savanna zone 

showed day-28 pcr-uncorrected cumulative cure rates of 97.4% (95% 
CI: 89.9, 99.3) for AA and 60.1% (95% CI: 41.8, 74.3) for AL (p<0.001) 
whilst the forest zone showed cumulative cure rates of 98.1% (95% CI: 
87.1, 99.7) for AA and 85.2% (95% CI: 77.6, 90.4) for AL (p=0.030). 
These preliminary findings suggest greater day-28 efficacy of AA over AL 
in terms of preventing treatment failures in the savannah and forest zones 
of Ghana after 8 years of ACT deployment.

1481
FITNESS LOSS AND COMPENSATION IN ANTIFOLATE AND 
ARTEMISININ RESISTANCE IN PLASMODIUM FALCIPARUM

Krittikorn Kumpornsin, Duangkamon Bunditvorapoom, Kesinee 
Chotivanich, Thanat Chookajorn
Mahidol University, Bangkok, Thailand

Malaria drug resistance is a major public health problem on a global scale. 
At present, the effectiveness of antimalarials is dwindling due to the 
spread of multidrug-resistant strains. However, the evolutionary process to 
change from drug-sensitive wild-type to drug-resistant mutants is under 
evolutionary constraints. One of the examples is the antifolate drug family. 
Antifolates inhibit the folate pathway enzymes that produce metabolites 
required for nucleotide synthesis. Antimalarial pyrimethamine inhibits 
dihydrofolate reductase (DHFR), a key folate enzyme. Four canonical 
mutations at the dhfr gene abrogate the effectiveness of pyrimethamine. 
Interestingly, the gains of these four dhfr mutations follow step-wise 
order, and, most important of all, there is trade-off between antifolate 
resistance and fitness in the evolutionary trajectory from wild-type to the 
quadruple mutant. Even though these mutations are highly beneficial 
under pyrimethamine, the mutants suffer from poor fitness when 
drug pressure is removed. To overcome this problem, malaria parasites 
accumulate multiple copies of the gene encoding rate-limiting folate 
enzyme GTP cyclohydrolase I (GCH1). Extra GCH1 from gene amplification 
was originally selected for slight improvement in antifolate resistance. 
The parasite co-opted the gain of extra GCH1 and used this mechanism 
to compensate for loss in fitness from dhfr mutations. In addition, extra 
GCH1 increases the overall robustness, which allows additional dhfr 
mutations and reduces the drug sensitivity level of other antifolates. A 
similar issue was also encountered in artemisinin resistance, an emerging 
problem in Southeast Asia. Parasite isolates with decreased sensitivity to 
artemisinin suffer from fitness loss. The parasites produce fewer progenies, 
corresponding to the loss of one round of mitosis. These parasites are 
metabolically impaired, resulting in growth arrest under stress. The loss 
in fitness might explain why the parasites cannot achieve higher level of 
artemisinin resistance like in the cases of chloroquine and antifolate.

1482
METABOLOMIC ANALYSIS OF PLASMODIUM VIVAX 
CHLOROQUINE RESISTANCE

Jorge L. Salinas1, Karan Uppal1, Fernando F. Val2, Wuelton M. 
Monteiro2, Gisely C. Melo2, Andre M. Siqueira2, Belisa Magalhães2, 
Dean P. Jones1, Mark P. Styczynski3, Mary R. Galinski1, Marcus V. 
Lacerda2

1Emory University, Atlanta, GA, United States, 2Fundaçao de Medicina 
Tropical Doutor Heitor Vieira Dourado, Manaus, Brazil, 3Georgia Institute 
of Technology, Atlanta, GA, United States

Chloroquine is the main drug used in the treatment of uncomplicated 
vivax malaria. Reports of chloroquine resistant (CQ-R) Plasmodium 
vivax malaria from the Western Pacific region followed by reports in the 
Americas and Asia have questioned its widespread use. However, the 
mechanisms associated with CQ-R malaria are not yet fully understood. 
We used plasma samples from individuals ≥18 years of age with P. 
vivax monoinfection treated at the Fundação de Medicina Tropical 
Heitor Vieira Dourado in Manaus, Brazil during 2011-2012. Chloroquine 
resistance was defined as recurrence of parasitemia with detectable 
plasma concentrations of CQ ≥100ng/dl. 33 individuals with CQ-sensitive 
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and 16 with CQ-R P. vivax malaria were included. Samples underwent 
randomization followed by Liquid Chromatography/Mass Spectrometry. 
We used xMSanalyzer for data extraction and obtained 21,360 m/z 
features. We then performed linear regression controlling for platelet and 
total bilirubin levels, as they were significantly associated with the outcome 
and for age and gender as they may have an impact in the metabolome. 
We adjusted for multiple hypothesis testing by the Benjamini-Hochberg 
false discovery rate (FDR) method. The linear regression model resulted 
in 18 m/z significantly different between both study groups (t-test, 
FDR<0.20). We then created a partial least squares discriminant analysis 
(PLS-DA) model without controlling for covariates in an effort to further 
explore our results. This model detected 354 m/z with a Variable 
Importance in Projection ≥2. Features detected by linear regression and 
PLS-DA had an overlap in 17 m/z. We tested the 354 m/z from PLS-DA 
for pathway enrichment using mummichog, an algorithm for pathway-
level annotation of metabolomics data, and found alterations in steroid 
biosynthesis, glycerophospholipid and tryptophan metabolism (all p<0.05). 
Our analyses likely measure the net metabolic host-pathogen interaction 
rather than separating host or pathogen pathways. Although not evidence 
of causality, our effort yields potential biochemical pathways associated 
with chloroquine resistance in P. vivax from the Brazilian Amazon.

1483
INADEQUATE EFFICACY OF CLINDAMYCIN PLUS QUININE 
COMPARED TO ARTEMETHER-LUMEFANTRINE IN THE 
TREATMENT OF CHILDREN WITH UNCOMPLICATED 
FALCIPARUM MALARIA IN WESTERN KENYA

Charles O. Obonyo, Elizabeth Juma, Bernhards Oguto
Kenya Medical Research Institute, Kisumu, Kenya

Background: Clindamycin plus quinine is a non-artemisinin-based 
antimalarial drug combination. The evidence on the efficacy of clindamycin 
plus quinine compared with other antimalarial drugs is scanty, inconclusive 
and outdated. An open-label randomized controlled trial to evaluate 
the efficacy and safety of oral clindamycin plus quinine vs. artemether-
lumefantrine in the treatment of children below 5 years of age with 
uncomplicated falciparum malaria was conducted in western Kenya. 
Methods: 384 children aged 6 to 59 months with uncomplicated malaria 
were enrolled at Homa Bay District and Ahero Sub-District Hospitals in 
western Kenya and randomized (1:1) to receive oral clindamycin plus 
quinine or dispersible artemether-lumefantrine tablets and followed for 
28 days. The primary endpoint was parasitological cure rate after 28 
days of follow up, unadjusted and adjusted by genotyping to distinguish 
recrudescence from new infections. Secondary endpoints included 
parasitological failure on days 3, 14, 21 and 28, parasite clearance 
rates, gametocyte carriage, recovery of haemoglobin concentration 
from baseline at day 28, and incidence of adverse events. Results: The 
unadjusted cure rate was 32.6% in the clindamycin plus quinine group 
and 78.9% in the artemether-lumefantrine group. The risk of treatment 
failure after adjusting by genotyping was significantly higher in the 
clindamycin plus quinine group (55.6%) compared to the artemether-
lumefantrine (2.9%) group (risk difference 52.7, 95% confidence interval 
43.0-62.4, p<0.0001). Parasitological clearance was significantly lower 
and the proportion of early treatment failures significantly higher in the 
clindamycin plus quinine group. Adverse events did not differ between the 
two groups. Three serious adverse events occurred in the clindamycin plus 
quinine group. Conclusion: The cure rate with clindamycin plus quinine 
in our study was significantly lower than artemether-lumefantrine. These 
findings question the recommendation of quinine-based combinations as 
second-line drugs for the treatment of malaria.

1484
IMPACT OF K13 MUTATIONS ON PARASITE FITNESS AND 
SUSCEPTIBILITY TO OZONIDES

Judith Straimer, Nina Gnadig, Michelle Ehrenberger, David 
Fidock
Columbia University, New York, NY, United States

Artemisinin (ART)-based combination therapies (ACTs) have contributed 
substantially to reducing the burden of malaria. Thus, alarms were 
sounded when efficacy studies in Western Cambodia documented 
the emergence of ART resistance in Plasmodium falciparum. Recent 
reports have demonstrated that mutations in the K13 propeller domain 
associate strongly with slow parasite clearance rates in patients and 
confer elevated survival of drug-exposed ring-stage parasites in vitro, 
as reported previously. Several K13 alleles have emerged in Southeast 
Asia and are now spreading across the Greater Mekong Subregion. In 
addition to the different levels of resistance that single K13 mutations 
may confer, we hypothesize that the impact of each mutation on parasite 
fitness is decisive in establishing the viability of a given haplotype in 
malaria-endemic settings. In this work we have determined the fitness cost 
imparted by several mutations in the K13 gene on parasite growth. We 
used genetically modified, otherwise isogenic, parasites with a selection 
of K13 propeller mutations and conducted direct growth competition 
experiments. We found that mutations in K13 exert a growth deficit on 
mutant parasites compared to their wild-type parental counterparts. We 
also assessed susceptibility of K13 mutant parasites to the next-generation 
long half-live ozonides OZ227 and OZ439, which are currently being 
evaluated as alternatives to ART. We identified cross-resistance between 
OZ277 and DHA (dihydroartemisinin), the active metabolite of all ARTs, 
whereas OZ439 demonstrated excellent potency against all mutant and 
wild-type K13 parasite lines tested. These data suggest that the major 
K13 mutations present in Cambodia do not protect parasites from OZ439 
action, highlighting the potential benefit of replacing ARTs with ozonides.

1485
A COMPARISON OF NEW AND EXISTING IN VITRO METHODS 
FOR ASSESSMENT OF ARTEMISININ RESISTANCE BY 
PLASMODIUM FALCIPARUM RING SURVIVAL

Whitney A. Kite, Viviana Melendez-Muniz, Thomas E. Wellems, 
Juliana M. Sa
National Institute of Allergy and Infectious Diseases, Rockville, MD, United 
States

As artemisinin (ART) resistance in Plasmodium falciparum spreads 
through Southeast Asia and threatens malaria control programs 
worldwide, assessment of phenotypes in vitro is necessary to survey 
parasite populations and study resistance mechanisms. A Ring Survival 
Assay (RSA) developed by Witkowski and colleagues in 2013 became 
instrumental to study ART response in vitro. The method includes 
treatment of cultures with heparin, selection of late stage schizonts by 
Percoll gradient, and treatment of 0-3h ring stage parasites with sorbitol 
prior to a six hour drug pulse. These three chemical treatments, however, 
do not guarantee the exclusive drug exposure of 3h rings. We offer 
two alternative methods, one requiring less resources and one offering 
improved specificity for 3h rings. The first alternative acquires young 
rings through only sorbitol synchronization, lessening the list of needed 
chemicals from three to one. Additionally, this method uses only twenty 
microliters or less of parasite culture per assay. For instances where samples 
are scarce, this method provides an opportunity to assess phenotype 
in vitro that would otherwise not be possible. Our second alternative 
adapts the procedure of Boyle and colleagues, reported in 2010, 
involving filtration of late schizonts with a 1.2 µm filter to provide invasive 
merozoites to uninfected erythrocytes. In contrast to the original method, 
filtration provides a sharper synchronization of ring stage parasites 
without chemicals and allows drug incubation of exactly 3h-old rings. 
This enhanced specificity offers increased precision for determinations of 
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ring survival percentages. All three methods (the original, filtration, and 
sorbitol-only) tested on the same lines yielded comparable results of ring 
survival percentages: of a resistant line, percentages were 6.87%, 8.88%, 
and 6.92%, respectively; of a sensitive line, 0.55%, 0.68%, and 0.76%. A 
comparison of needed resources and procedural logistics for each method 
will be presented. The availability of three RSA methods provides flexibility 
in evaluating ART response in a variety of scenarios.

1486
PREDICTIONS OF PIPERAQUINE SYSTEMIC EXPOSURE IN 
YOUNG CHILDREN UNDER DIFFERENT DOSING REGIMENS 
FOR CHEMOPREVENTION: A SIMULATION STUDY TO 
INFORM DOSING

Nancy Sambol1, Jordan Tappero2, Emmanuel Arinaitwe3, Sunil 
Parikh4

1University of California San Francisco, San Francisco, CA, United States, 
2Centers for Disease Control and Prevention, Atlanta, GA, United States, 
3Makerere University School of Medicine, Kampala, Uganda, 4Yale School 
of Public Health, New Haven, CT, United States

Dihydroartemisinin-piperaquine, the first-line artemisinin combination 
therapy regimen, is under evaluation for intermittent preventive 
treatment (IPT). Dosing approaches in IPT have been inferred from 
treatment trials, and fail to adequately consider differences in PK/PD 
relationships, adherence, and safety concerns that exist with repeated 
dosing in chemoprevention. Further, we have recently demonstrated that 
young children are systematically underdosed in treatment settings. To 
better inform dosage selection of DP for IPT, we simulated PK profiles of 
candidate DP chemoprevention regimens based on a previously developed 
population model of piperaquine (PQ) in the setting of acute treatment 
of Ugandan children aged 6 months to 2 years. Regimens were simulated 
for children weighing over 10 kg (reference group), and included standard 
and 1.5x standard 3-day monthly regimens, bimonthly and weekly dosing, 
and use of a loading dose. The current approach (240 mg x 3 doses 
monthly) led to a predicted geometric mean steady-state trough capillary 
plasma level of 29 ng/mL, with 94%, and 47% of children maintaining 
levels ≥ 10 ng/mL and 30 ng/mL, respectively. Increasing doses by 50% 
lead to a predicted trough of 43 ng/mL, with 98% and 71% maintaining ≥ 
10 ng/mL and 30 ng/mL. Notable improvement in exposure was seen with 
weekly 240 mg dosing, leading to a steady-state of 67 ng/mL, with 99.7% 
and 85% maintaining troughs ≥ 10 ng/mL and 30 ng/mL. Importantly, 
predicted maximum concentrations were 42% lower with weekly dosing 
compared to standard dosing. Previous studies have demonstrated that 
individuals have a higher risk of breakthrough malaria in the first few 
months of chemoprevention. The use of a loading dose with weekly 
dosing was associated with trough levels at the end of one month that are 
94% of steady-state trough levels, compared to 70% without a loading 
dose. With corroborating clinical data, these alternate dosing approaches 
may prove favorable in terms of exposure, adherence and safety. This 
approach provides a systematic information-driven method to evaluate 
candidate antimalarial chemopreventive dosing regimens.

1487
ANALYSIS OF POLYMORPHISMS IN ARTEMISININ 
RESISTANCE ASSOCIATED GENES IN PLASMODIUM 
FALCIPARUM SAMPLES FROM SOUTH AMERICAN AND 
AFRICAN COUNTRIES

Juliana Inoue1, Pedro Cravo2, Camila M. Romano1, Giselle F. 
Lima1, Angélica D. Hristov1, Marcos Boulos1, Silvia M. Di Santi1
1Universidade de São Paulo, São Paulo, Brazil, 2Universidade Federal de 
Goiás, Goiânia, Brazil

The emergence of Plasmodium falciparum resistance to artemisinin 
(ART) in Southeast Asia threats the disease control. ART resistance has 
been associated with mutations in some candidate genes and monitoring 

these events as well as its impact in treatment outcome may contribute to 
malaria control. This study aimed at analyzing ART-resistance associated 
genes pfATPase6, pfAP2µ and pfK13 in P. falciparum samples from 
South American and African countries collected in health facilities 
in Brazil, after informed consent. After sequencing with sense and 
antisense primers, sequences of 24 samples were aligned and compared 
to the reference P. falciparum 3D7 available in PlasmoDB. An empirical 
Bayesian method was applied using the M8 model to assess codons under 
selection. Datasets used for selection pressure analysis were built with 
sequences from this study and worldwide reference sequences retrieved 
from PlasmoDB and GenBank. The following mutations in pfATPase6 
gene were observed: R37K, L402V, E431K, N569K, A630S, G632E, 
G639D, H747Y and I898I. In pfAP2µ, W250R and D3Y in one sample 
each, V127V in nine and S478S in one. Amino acid insertion was seen in 
three samples and deletion in other three. For pfK13 gene, K189T was 
present in three samples, K189N in one. One sample harbored G112E and 
A578S. Overall, all genes are under negative selection, showing ω=0.4 for 
pfATPase6, ω=0.12 for pfAP2µ and ω=0.5 for pfK13. Several negatively 
selected codons were observed in all three genes, but few positive selected 
codons were seen within pfATPase6, at positions 141, 402, 431, 569, 
574 and 639 with significance level of 0.001. Interestingly, in the pfK13 
gene all codons under strong purifying selection were located within the 
Kelch motif. Mutation K189T was found in isolates from South America 
and Haiti in agreement with reports of this SNP in African countries. 
Despite the absence of C580Y mutation, it was found the A578S, whose 
structural analysis shows that could affect K13 gene function. These results 
generate a baseline data on three candidate genes associated with ART 
resistance that could be useful in view of the risk of ART resistance spread 
worldwide.

1488
GENETIC MODIFICATION VIA CRISPR/CAS9 IN PLASMODIUM 
FALCIPARUM MULTIDRUG RESISTANCE PROTEIN1 (PFMDR1) 
CONFER RESISTANCE TO A PIPERAZINE-CONTAINING 
ANTIMALARIAL AGENT IN BOTH ASEXUAL AND SEXUAL 
PARASITE STAGES

Caroline L. Ng1, Giulia Siciliano2, Mariana J. Almeida1, Selina 
Bopp3, Sergio Wittlin4, Rachel Kasdin1, David Plouffe3, Christopher 
Binkert5, Amelie LeBihan5, Jasper Dingemanse5, Elizabeth 
Winzeler3, James McCarthy6, Pietro Alano2, David A. Fidock1

1Columbia University Medical Center, New York, NY, United States, 2Istituto 
Superiore di Sanità, Rome, Italy, 3University of California San Diego, San 
Diego, CA, United States, 4Swiss Tropical and Public Health Institute, 
Basel, Switzerland, 5Actelion Pharmaceuticals Ltd., Allschwil, Switzerland, 
6University of Queensland, Queensland, Australia

ACT451840 is a piperazine-containing antimalarial compound developed 
by Actelion Pharmaceuticals Ltd. with support from the Medicines for 
Malaria Venture. This compound is an exquisitely potent inhibitor of 
Plasmodium falciparum asexual blood stage parasites, with an IC50 value 
of <1 nM. Single-step drug-selection studies yielded resistant asexual 
blood stage parasites with 10 to 200-fold shifts in IC50 values compared 
to the sensitive parental line. Whole-genome tiling arrays and Illumina-
based sequencing on resistant clones uncovered a host of novel point 
mutations in the P. falciparum multidrug resistance protein 1 (PfMDR1), 
resident on the parasite’s digestive vacuole membrane. Using CRISPR/
Cas9-based pfmdr1 gene editing, we confirmed that the pfmdr1 point 
mutations mediated resistance. Furthermore, when compared to wild-
type isogenic parasites, ACT451840-resistant parasites became more 
susceptible to mefloquine, lumefantrine, halofantrine, and quinine, but 
not chloroquine or its active metabolite, and displayed a slight fitness 
cost in vitro. We also observed potent activity of ACT451840 on 
mature P. falciparum gametocytes. Unexpectedly, stage V gametocytes 
harboring Cas9-introduced pfmdr1 mutations acquired resistance to this 
compound, suggesting that PfMDR1 can also impart resistance to mature 
gametocytes. The potent asexual and gametocytocidal properties of this 
compound merit further investigation.



455

astmh.org

1489
DEVELOPMENT OF ANTIBODY-BASED IMMUNO-ASSAYS FOR 
QUALITY CONTROL OF ARTEMISININ-BASED COMBINATION 
THERAPIES

Insaf Khalil1, Xavier C. Ding2, Iveth J. González2, Ib C. Bygbjerg1, 
Facundo M. Fernandez3, Paul N. Newton4, Michael Alifrangis1, 
Claus Koch5

1Centre for Medical Parasitology at Department of Immunology and 
Microbiology and Department of Public Health, University of Copenhagen, 
Copenhagen, Denmark, 2Foundation for Innovative New Diagnostics, 
Geneva, Switzerland, 3School of Chemistry and Biochemistry, Georgia 
Institute of Technology, Atlanta, GA, United States, 4Lao-Oxford-Mahosot 
Hospital-Wellcome Trust Research Unit, Microbiology Laboratory, Mahosot 
Hospital, Vientiane, Lao People’s Democratic Republic, 5Institute of 
Molecular Medicine, Department of Cancer and Inflammation, University 
of Southern Denmark, Odense, Denmark

Prompt treatment of uncomplicated Plasmodium falciparum malaria 
with artemisinin-based combination therapies (ACTs) is paramount to 
avoid clinical complications and deaths as well as to our ability to control 
this disease. Approximately 392 millions of ACT treatment courses 
have been procured to the public and private sectors in 2013, largely 
contributing to the globally decreasing malaria mortality rate. Yet, a 
significant fraction of antimalarial drugs are sold over-the-counter in 
poorly regulated settings, favoring the uncontrolled distribution of falsified 
or substandard antimalarial drugs in large quantities. Up to a third of 
antimalarial available in endemic countries can be of unacceptable quality, 
turning life-saving medicines into life-threatening substances. ACTs quality 
control (QC) is needed at all levels of the supply chain, and affordable 
analytical tools which can be easily deployed in settings with limited 
resources to perform routine quantitative analyses are currently missing. 
To address this issue, we have developed a set of monoclonal antibodies 
directed against key active pharmaceutical ingredients (APIs) of ACTs, such 
as artesunate, amodiaquine, and piperaquine, while work is ongoing to 
generate additional ones directed against dihydroartemisinin, artemether, 
lumefantrine and primaquine. We further developed and validated indirect 
competitive Enzyme-Linked Immunosorbent Assays (iELISAs) based on 
monoclonal antibodies against artesunate and amodiaquine for the 
rapid quantification of the corresponding molecules in pharmaceutical 
formulations. iELISAs are easy-to-handle as well as highly specific and 
sensitive, displaying a lower limit of detection between 1.0 and 3.9 ng/ml. 
Finally, proof-of-concept studies evaluating the performance of iELISAs as 
compared to high-performance liquid chromatography-mass spectrometry 
for the quantification of APIs in ACTs of varying quality are underway. 
iELSA could be used to instate or reinforce ACT QC at local levels and 
could be relatively easily deployed in simple laboratories to contribute 
ensuring the safety of key antimalarial drugs.

1490
ARTEMISININ RESISTANCE AT THE CHINA-MYANMAR 
BORDER AND ASSOCIATION WITH MUTATIONS IN THE K13-
PROPELLER GENE

Zenglei Wang1, Mynthia Cabrera1, Sony Shrestha1, Awtum 
Brashear1, Karen Kemirembe1, Xiaoying Liang1, Bhavna Gupta1, 
Xiaolian Li1, Jun Miao1, Zhaoqing Yang2, Liwang Cui1
1Pennsylvania State University, University Park, PA, United States, 2Kunming 
Medical University, Kunming, China

The recent emergence and spread of artemisinin (ART) resistance in the 
Greater Mekong Subregion (GMS) of Southeast Asia greatly threatens 
malaria control and eradication. The K13-propeller gene (K13) has 
been lately identified as a promising maker to confer ART resistance. 
Investigation of K13 gene in parasites from the China-Myanmar border 
area, where ART use has the longest history, has revealed high prevalence 
of polymorphisms. Elucidation of their importance in ART resistance is 

highly needed. A total of >11,000 suspected malaria cases from three 
studies during 2008-2013 in this area were screened and 248 were 
recruited for clinical assessment. The day 3 positive rates in two studies 
with dihydrartemisinin-piperaquine treatment were below 10%, whereas 
in one study with artesunate monotherapy reached 23.1%. To validate the 
predictability of K13 mutations for potential ART resistance, we selected 
24 day 3-positive cases and 33 day 3-negative cases from these three 
efficacy studies. The NN insertion at codon 137 and the predominant 
F446I mutation as well as the total mutations in the propeller domain were 
significantly associated with the day 3 parasite positivity (P < 0.05). To 
determine whether the suspected ART resistance in the study region could 
be further corroborated by ring-stage survival assay (RSA), we culture-
adapted 19 isolates from day 3-positive cases and 25 from day 3 negative 
cases. The median percentage of viable parasites in isolates from the day 
3 positive group was ~10 times greater than that of isolates from the day 
3-negative group (0.5%) (P < 0.0001). Parasites with mutations in the 
propeller domain had a ~9 fold higher ring-stage survival rate (P<0.05). 
The NN insertion and F446I mutation also significantly associated with day 
3 parasite positivity. From association studies between clinical data of day-
3 positivity, in vitro ring-stage susceptibility, and K13 polymorphisms, we 
provide strong evidence indicating emergence of artemisinin resistance at 
the China-Myanmar border and K13 as a promising marker for artemisinin 
resistance.

1491
PRIMAQUINE: METABOLITE ACTIVITY AND SCHIZONTICIDE 
DRUG COMBINATION ACTIVITY ON ASEXUAL AND SEXUAL 
STAGES OF PLASMODIUM FALCIPARUM

Mynthia Cabrera, Jun Miao, Liwang Cui
Pennsylvania State University, University Park, PA, United States

Primaquine (PQ) used with Artemisinin Combination Therapies (ACTs) field 
studies in Southeast Asia and Africa has shown effective Plasmodium 
falciparum gametocyte clearance which is critically important for reducing 
the risk of malaria transmission and potentially mitigating the threat 
of drug resistant infections. Currently, the World Health Organization 
recommends adding a single 0.25 mg/kg dose of PQ on the first day of 
ACT treatment in areas under threat of ART resistance. PQ antimalarial 
activity in vivo has been historically attributed to the potential activity 
of its metabolites as well as perturbation of mitochondrial function. The 
former was investigated via 1) a PQ metabolite mixture generated in 
vitro, 2) and synthesized PQ analogs from Walter Reed Army Institute of 
Research. The presence of potential PQ metabolites in the mixture was 
analyzed using LC-MS and gametocytocidal activity tested on transgenic 
male and female P. falciparum lines expressing green fluorescent protein 
in gametocytes using a flow-cytometry based drug sensitivity assay. The PQ 
analogs’ activities on sexual and asexual stages were tested with the same 
gametocytocidal sensitivity assay and SYBR Green I drug assay, respectively. 
In addition, since PQ dosage is now a recommended addition to ACTs, 
we looked at the effect of PQ in combination with various antimalarials 
(chloroquine, mefloquine, piperaquine, lumefantrine, naphthoquine) on in 
vitro growth of asexual P. falciparum strains and gametocytocidal activity 
on P. falciparum gametocytes.
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1492
ATESUNATE/SULPHADOXINE/PYRIMETHAMINE 
COMBINATION SHOWS EQUAL ACTIVITY TO OTHER ACTS 
AGAINST PLASMODIUM BERGHEI IN MICE AFTER CO-
TRMOXAZOLE PRETREATMENT

Akinwumi A. Akinyede1, Oluwagbemiga Aina2, Oluwafemi 
Kale1, Olufunsho Awodele1, Judith Nwadinigwe1, Iyanu 
Olaniyonu1, Sunday Olayemi1
1College of Medicine, University of Lagos, Lagos, Nigeria, 2Nigeria Institute 
of Medical Research, Lagos, Nigeria

Co-trimoxazole(COT) therapy has been found to reduce the high 
early mortality rate in HIV-infected adults on ART in low- and middle-
income countries hence the WHO recommended that the use of COT 
be scaled up in HIV-infected patients starting or receiving antiretroviral 
therapy. However, resistance due to drug pressure and subsequent 
cross- resistance between COT and sulphonamides such as sulphadoxine/
pyrimethamine (S/P) which could otherwise be useful as part of ACTs is 
a concern. Knowledge of the effect of atesunate combination with S/P 
on malaria parasites previously exposed to COT would be instructive. 
COT pre-treatment was administered to 30 adult albino mice divided 
into 6 groups and weighing between 15-25g for 14 days after which 
the animals were inoculated with chloroquine sensitive Plasmodium 
berghei . Subsequently, the anti-malaria activities of curative doses of 
Artemether/Lumifantrine (AL), Atesunate/Sulphadoxine/Pyrimethamine 
(AS/SP), Atesunate/Amodiaquine (AS/AMQ) and Atesunate/Mefloquine 
(AS/MQ) combinations against Plasmodium berghei were investigated 
in each of 4 groups respectively. One of the two remaining groups serving 
as controls was administered chloroquine(CQ) and the other distilled 
water, respectively.The average parasite densities on day 0 were 28045.5 
± 26718.2, 36462.0 ± 7070.0, 65651.7 ± 27686.5, 78809.1 ± 6160.8 
respectively for the groups administered AL, AS/SP, AS/AMQ and AS/
MQ; On day 1, these values decreased to 11980.0 ± 11980.0**, 7838.4 ± 
4038.7**, 7767.7 ± 4202.3**, 12677.0 ± 2893.1**respectively (P < 0.01, 
Vs Distilled water); there was complete parasite eradication by day 3. Total 
parasite eradication occurred in the CQ group by day 2 from an initial 
value of 76746.3 ± 28457.1, while there was an increase from 46459.4 
± 13949.2 to 130499.4 ± 936.2 between days 0 and 13 in the distilled 
water group with the mice in this group dying off by day 17. Atesunate 
combination with S/P was as active as other ACTs.Validation of this theory 
in humans may provide a wider range of ACTs useful even among patients 
on prior COT therapy.

1493
RESISTANCE ANALYSIS OF THE ANTIMALARIAL MK-4815: 
LOW FREQUENCY OF RESISTANCE AND CROSS-RESISTANCE 
PROFILE CONSISTENT WITH ROBUST CLINICAL CANDIDATE

Debora Casandra1, Maryann Powles2, Katherine Young2, David B. 
Olsen2, Dennis E. Kyle1

1University of South Florida, Tampa, FL, United States, 2Merck Research 
Laboratories, Kenilworth, NJ, United States

Due to the emergence and increased prevalence of multi-drug resistant 
malaria, new drugs are urgently needed for combination therapy to 
effectively treat and eliminate malaria. Currently there are several new 
fast-acting antimalarial candidates in development, yet there is a dearth 
of long-acting compounds with good oral bioavailability, potency against 
multi-drug resistant strains, and low potential for resistance generation. 
One such candidate for combination therapy is MK-4815 (2-aminomethyl-
3,5-di-tert-butylphenol), a Mannich base previously shown to be potent 
in vitro and in vivo and equally effective against wild-type and multi-drug 
resistant strains of Plasmodium falciparum. We assessed the potential 
for MK-4815 to generate resistance and MK-4815’s in vitro efficacy 
against multidrug resistant strains. First we examined the frequency of 
resistance after continuous drug pressure and were unable to select for 

resistant parasites, suggesting that the resistance frequency for MK4815 
is less than 10-8 as found for atovaquone. Next the potential for drug 
resistance generation was assessed by step-wise pulse exposure to MK-
4815 in the W2 clone of P. falciparum. The base-line IC50 for MK-4815 
in W2 is 7 ng/mL. We started with 5x IC50 concentration and applied four-
day pulses of drug followed by wash out and a recovery period to allow 
parasites to grow. Once recovery was established, exposure continued 
with higher concentrations of MK-4815. Ultimately parasites recovered 
following 96 hr at 1,000x IC50. Decreased susceptibility to MK-4815 was 
minimal and not stable. A three-week period without drug pressure was 
enough for the parasite response to return within 3-fold of baseline. In 
addition, we evaluated the IC50’s of MK-4815 against multidrug resistant 
strains and found that MK-4815 has no discernable cross-resistance 
patterns with other anti-malarial drugs. The results of our studies suggest 
that MK-4815 has a low potential for selecting resistance in P. falciparum; 
these data as well as its favorable pharmacokinetics, safety, and efficacy 
profiles, make MK-4815 an excellent drug combination candidate.

1494
TEMPORAL TRENDS IN SULPHADOXINE-PYRIMETHAMINE 
RESISTANCE MARKERS IN PLASMODIUM FALCIPARUM IN 
NIGERIA 2002 - 2014

Mary C. Oguike1, Izehiuwa G. Enato2, Elvis Shu3, Daniel 
Chandramohan4, Catherine O. Falade5, Colin J. Sutherland6

1London School of Hygiene & Tropical Medicine, London, United Kingdom, 
2Department of Child Health University of Benin Teaching Hospital, Benin 
City, Edo State Nigeria, Nigeria, 3University of Nigeria Teaching Hospital, 
Ituku-Ozalla, Enugu, Nigeria, 4Disease Control Department, London School 
of Hygiene & Tropical Medicine, London, United Kingdom, 5Department 
of Pharmacology and Therapeutics, University of Ibadan, Ibadan, Nigeria, 
6Immunology and Infection Department, London School of Hygiene & 
Tropical Medicine, London, United Kingdom

Intermittent preventive treatment of malaria during pregnancy (IPTp) 
and in infants (IPTi) with sulphadoxine-pyrimethamine (SP) is a major 
strategy for malaria control in African countries where malaria is endemic, 
including Nigeria. However, the implementation of this strategy is faced 
with challenges such as timing of SP administration and rising levels 
of parasite resistance to SP in the general population. SP resistance is 
associated with mutations in the genes of dihydropteroate synthetase 
(dhps) and dihydrofolate reductase (dhfr). Three Pfdhfr mutations N51I, 
C59R and S108N, known as the triple mutation, and the Pfdhps mutations 
A437G and G540E, known as the double mutation, collectively form the 
quintuple mutations. The quintuple mutation and an additional mutation 
on the dhps (A581G) are known to confer high level of SP resistance. 
The World Health Organization (WHO) has recommended that prior to 
implementation of IPT-SP in any region with moderate to high malaria 
transmission, the prevalence of these markers of resistance with special 
emphasis on K540E should be determined and IPT-SP commenced only in 
regions with a prevalence rate less than 50%. Recent data show growing 
concerns of SP resistance in Nigeria with emerging novel dhps haplotypes 
and the triple mutant (IRN) dhfr haplotypes but their effect on efficacy 
of IPT-SP is unknown. There is paucity of data on SP resistance markers 
in Nigeria. Therefore, there is need for continuous monitoring of these 
resistance markers over the years to provide comprehensive data that 
will guide implementation of IPT-SP in Nigeria. We identified molecular 
markers of SP resistance by direct PCR sequencing in 1200 malaria positive 
blood spots collected from pregnant women and children attending 
hospitals across Southwest, Southeast, South south and Northeast Nigeria. 
Prevalence of markers in each site, and temporal patterns in these markers 
from 2002 to 2014 will be presented.
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1495
ASYMMETRICAL BIS-QUINOLINES AS CHEMOTHERAPEUTIC 
AGENTS FOR MALARIA

David H. Peyton, Katherine M. Liebman
Portland State University, Portland, OR, United States

Millions of people are afflicted by malaria each year, and hundreds of 
thousands die. Historically, the most successful synthetic antimalarial 
drug was chloroquine, as it was safe, inexpensive, and highly efficacious. 
However, plasmodial resistance to chloroquine now greatly limits its utility. 
Other 4-aminoquinoline drugs, such as the bis-quinoline antimalarial 
piperaquine, often exhibit activity against chloroquine-resistant malaria. 
A series of “asymmetrical bis-quinolines” are presented here that are 
highly active against chloroquine-resistant and chloroquine-sensitive P. 
falciparum malaria, with IC50 values that are in several cases remarkably 
potent. We also present an initial structure-activity relationship series for 
this new series of potentially useful chemotherapeutic agents for malaria.

1496
EFFICACY OF ARTEMETHER-LUMEFANTRINE IN DIORO, MALI: 
AN AREA WITH INTENSE TRANSMISSION

Lansana Sangare1, Youssouf Diarra1, Kotou Sangare1, Sekou 
Traore1, Trevor A. Thompson2, Daouda Ndiaye3, Davis Nwakanma4, 
Sarah K. Volkman5, Donald J. Krogstad2, Ousmane A. Koita1

1University of Science, Technologies and Techniques, Bamako, Mali, 
2Tulane University, New Orleans, LA, United States, 3University Cheikh Anta 
Diop, Dakar, Senegal, 4Medical Research Council Unit, Fajara, Gambia, 
5Harvard T.H. Chan School of Public Health, Boston, MA, United States

Few studies have examined the efficacy of ACTs in Mali after the 
introduction of Artemether-Lumefantrine (AL) and the ban on 
monotherapy for treatment of uncomplicated malaria. In Dioro, Mali, 
we performed a prospective study to examine the efficacy of the AL 
combination for the treatment of uncomplicated P. falciparum malaria. 
Subjects enrolled in this study were between 2 and 15 years of age and 
had asexual parasitemias between 2,000 and 199,000 per µl. Giemsa-
stained thick smears were used to examine asexual and sexual parasites 
before treatment and to estimate the asexual parasitemias on follow-
up days 1, 2, 3, 7, 14, 21, 28, 35 and 42. Filter paper blots were used 
to collect parasite DNA for PCR to distinguish between recrudescence 
and re-infection. The Dapi assay was used to estimate the IC50s of 
P. falciparum isolates collected at the time of diagnosis. To estimate 
parasite clearance time, we considered only volunteers who were 
observed continuously during the 3 days of treatment. Two endpoints 
were considered for ACT efficacy: 1] parasite clearance on or before Day 
7 and 2] lack of recrudescence between days 8 and 42. All 77 volunteers 
cleared their asexual parasitemias on or before Day 7 and 4 (5%) had 
late parasitologic failures between Days 28 and 42. In addition, 5 (9%) 
of the 53 patients examined for the PCT had persistent asexual parasites 
≥ 48 hours after beginning treatment. There was a positive correlation 
between the initial parasitemia and the PCT with delayed clearance (≥ 48 
hours after beginning treatment) more frequent in subjects with higher 
parasitemias (p=0.006). Molecular studies and IC50s are currently being 
performed to determine whether the 4 late parasitologic failures represent 
recrudescence of the original parasite(s) or new infections and to test for 
antimalarial resistance based on elevated IC50s.

1497
DYNAMICS OF DRUG RESISTANCE PATTERNS TO COARTEM 
USED IN SENEGAL

Ndiaye Daouda1, Jules Gomis1, Donald J. Krogstad2

1University Cheikh Anta Diop, Dakar, Senegal, 2Tulane University, New 
Orleans, LA, United States

Artemether-lumefantrine (AL) was adopted as the recommended 
treatment for uncomplicated Plasmodium falciparum malaria for Senegal 
in 2006. Because the monitoring of drug efficacy is essential to ensure 
efficacy and recognize resistance when it appears, the efficacy of AL for 
the treatment of uncomplicated malaria in children aged 2 to 20 years has 
been evaluated in Thiès (Senegal). From September 2011 to November 
2014, we have studied the treatment of uncomplicated malaria using 
AL in children with fever or a history of fever who have uncomplicated 
Plasmodium falciparum malaria. In this study, parasite samples have 
been examined using ex vivo testing to estimate IC50s for different 
antimalarials and followed for 6 weeks in accordance with World Health 
Organization (WHO) guidelines. Follow-up visits are performed on days 
1, 2, 3, 7, 14, 21, 28, 35 and 42 to evaluate clinical and parasitological 
results. A total of 246 subjects have now been enrolled in Thiès and Dakar. 
There have been no early treatment failures and all patients have cleared 
asexual parasites from the blood on or before day 3. Polymerase chain 
reaction (PCR)-uncorrected adequate clinical and parasitological response 
rate (UACPR) was 98.8% at day 28 as well as at day 42. PCR-corrected 
ACPR at day 42 was 98.8%. We found no mutation at dhpsK540E in 
Senegal, high level of mutation in pfmdr1 - Y184F and decreased parasite 
sensitivity to artesunate and Lumefantrine. Coartem still show efficacy in 
Senegal. Anti-malarial being used in ACT except Lumefantrine, including 
artemisinin derivates, amodiaquine, mefloquine are ex vivo sensitive to 
falciparum.

1498
CONSEQUENCES OF RESTRICTING ANTIMALARIAL DRUGS 
TO RAPID DIAGNOSTIC TEST POSITIVE FEVER CASES AND 
CAUSES OF NON-MALARIAL FEBRILE ILLNESS

Catherine Olufunke Falade1, Adebola E. Orimadegun1, Obaro 
S. Michael1, Hannah O. Dada-Adegbola1, Joseph A. Badejo1, 
Olusegun G. Ademowo1, Ike Oluwapo O. Ajayi1, Ayodele S. 
Jegede1, James Ssekitooleko2, Ebenezar Baba2, Prudence Hamade3, 
Jayne Webster4, Daniel Chandramohan4

1University of Ibadan, Ibadan, Nigeria, 2DFID-SUNMAP, Abuja, Nigeria, 
3Malaria Consortium, London, United Kingdom, 4London School of 
Hygiene & Tropical Medicine, London, United Kingdom

Current malaria treatment guidelines dictate that RDT-negative children 
do not receive ACT but should be evaluated for other causes of fever. 
This practice could lead to increased frequency of malaria and anemia in 
children who are denied ACT. 511 febrile children aged 3 to 59 months 
presenting with fever or history of fever within 48hours were enrolled 
in southwest Nigeria and followed up for 28 days. Malaria parasite 
was evaluated using SD-Bioline RDT (HRP-2 based) and microscopy of 
Giemsa stained blood film. Enrollees were investigated and treated for 
other causes of fever. RDT result was used to determine ACT treatment. 
RDT+ve children received artesunate-amodiaquine (ASAQ™) at standard 
dosage supervised. The mean age of enrollees was 26.41 ± 15.67 months. 
Malaria parasite was detected by RDT in 308 (60.3%) and by microscopy 
227 (44.2%) enrollees. Parasite density ranged from 20 - 611,600/µL 
(Geomean = 7762/µL). 40/193 (20.7%) children with patent parasitemia 
on D0 had parasite recurrence on D28 while 18/232 (7.8%) of those 
who were free of patent parasitemia on D0 had parasitemia on D28 
(ρ=<0.0001). The sensitivity and specificity of SD-Bioline RDT were 95.2% 
and 55.7% respectively while positive and negative predictive values 
were 70.19% and 94.6%. 12/493 (2.4%) blood cultures yielded bacterial 
growth while 84/392 (21.4%) mid-stream urine cultures yielded bacterial 
growth. 5/218 (2.3%) children had malaria-bacteremia co-infection while 
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22.5% (41/182) had malaria plus urinary tract infection. Other causes 
of fever among the children include measles, acute respiratory infection, 
diarrhea diseases and mumps. ASAQ cleared the malaria parasitemia 
promptly and was well tolerated. 78.8% of 189 parasitemic children 
who completed D28 follow up had adequate clinical and parasitological 
response. Two children who tested positive and receive ASAQ were 
referred to hospital because of severe anemia. The results of this study did 
not reveal any severe consequence sequel to the use of RDT result as basis 
for treatment.

1499
TERTIAN DURATION OF ARTEMISININS SELECTS FOR 
DELAYED PARASITE CLEARANCE WITH SINGLE 48 HOUR 
LIFECYCLE ARTEMISININ EXPOSURE

David J. Sullivan
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States

In the 1990s many artemisinin combination dosing trials ranged from 
2-7 days in duration. The three day or 48 hour dosing duration was just 
as effective as five or more days. The correct rationale at that time was 
that greater compliance would be achieved with tertian dosing rather 
than five or more days. This three day regimen was effective until the 
prolonged parasite phenotype was noted in Palin Cambodia. The three day 
or ‘tertian’ dosing equates to a single 48 hour Plasmodium falciparum 
lifecycle. The consequence of dosing most of the artemisinin component 
of an ACT within a single P. falciparum 48 hour lifecycle is selection for 
parasites with Kelch-13 gene mutations. Ring-stages of parasites in the 
peripheral blood at drug initiation only receive a single effective dose 
coincident with the sensitive trophozoite-stages, because two artemisinin 
doses (at initiation and the last dose) target the naturally more resistant 
ring-stages. Sequestered trophozoites in the tissues at drug initiation 
receive two effective trophozoite-stage drug doses at 0 and 40-48 hours 
resulting in greater reduction of these trophozoites in contrast to the 
rings. The parasite has been selected by the short pharmacodynamics of 
artemisinin behaviour within a single lifecycle to favour a mutant Kelch-13 
gene to permit survival beyond a single cycle so that if the quinoline 
partner drug in an ACT is failing as well, then elimination of remaining 
parasites is compromised. Clinical drug failure measured at day 28 or 42 
is failure for both ACT drugs, and should therefore be termed treatment 
failure. Importantly the tertian ACT 48 hour dosing regimens including 
the 60 hour every 12 hour artemether/lumefantrine dosing is presently 
selecting for additional foci of mutations outside Southeast Asia. Effective 
artemisinin combination therapy with present drugs now requires doubling 
the duration to six days. This allows initial ring-stage populations to 
encounter artemisinin drug exposure at least three times at the more 
sensititive trophozoite-stage rather than once. Incremental increase of an 
extra day of therapy is not sufficient.

1500
NEXT-GENERATION SEQUENCING PLATFORM BASED ON 
MALARIA RAPID DIAGNOSTIC TESTS FOR SURVEILLANCE OF 
ANTIMALARIAL DRUG RESISTANCE

Sidsel Nag1, Marlene Dalgaard2, Magatte Ndiaye3, Poul-Erik L. 
Kofoed4, Amabelia Rodrigues5, Johan Ursing6, Reginald Kavishe7, 
Michael Alifrangis1, Ole Lund2, Frank M. Aarestrup2

1University of Copenhagen, Copenhagen, Denmark, 2Technical University 
of Denmark, Kgs Lyngby, Denmark, 3University Cheikh Anta Diop, Dakar, 
Senegal, 4Kolding Hospital, Kolding, Denmark, 5Bandim Health Project, 
Bandim, Guinea-Bissau, 6Karolinska Institute, Stockholm, Sweden, 
7Tumaini University, Moshi, United Republic of Tanzania

Antimalarial drug resistance is a constantly present threat towards one 
of the major tools necessary for rolling back malaria, namely efficient 
antimalarial drugs. It has occurred on several occasions and rendered 
the health systems close to helpless towards the malaria parasites, in 

particular towards Plasmodium falciparum malaria. For reasons that are 
not entirely understood by modern science, P. falciparum never ceases 
to be one step in front of the research community, repeatedly disarming 
the forces that try to combat the disease. The current global malaria 
situation situation involves P. falciparum parasites that are resistant 
towards artemisinin-based combination therapies in Asia, as well as 
global resistance towards sulphadoxine-pyrimethamine and chloroquine. 
With very limited antimalarial drugs remaining to effectively prevent 
malaria in children and pregnant women, as well as treat malaria-infected 
individuals, the local situation regarding antimalarial drug resistance needs 
to be monitored. With the help of molecular markers of resistance in 
terms of single nucleotide polymorphisms representative of tolerance or 
resistance of P. falciparum parasites towards specific antimalarial drugs, 
monitoring the antimalarial drug resistance situation becomes feasible. 
Furthermore, by applying used malaria rapid diagnostic tests, the source 
of P. falciparum DNA is acquired at very low costs and in plentiful 
numbers. Also, by applying a next-generation sequencing technology, the 
cost of sequence analysis is brought down 20-50 fold in comparison to 
commercial Sanger sequencing. Lastly, by applying indexing of the samples 
analysed, sequences can be traced back to a specific sample and a specific 
place of origin, allowing action to be taken in terms of fine-tuning policy 
guidance at the local level. This platform allows for real-time monitoring 
of antimalarial drug resistance in a cost-efficient and extremely high 
throughput manner.

1501
EVALUATION OF THE IMPACT OF SEASONAL MALARIA 
CHEMOPREVENTION ADMINISTERED BY MASS CAMPAIGN 
IN SOUTHERN SENEGAL

Jean Louis A. Ndiaye1, Babacar Faye1, Magatte Ndiaye1, Daouda 
Ndiaye1, Medoune Ndiop2, Isaac A. Manga1, Roger Tine1, Julie 
Thwing3, Mady Ba2, Paul Milligan4, Oumar Gaye1

1Service de Parasitologie, Dakar, Senegal, 2Ministry of Health and Social 
Action, Dakar, Senegal, 3PMI, Dakar, Senegal, 4London School of Hygiene 
& Tropical Medicine, London, United Kingdom

Seasonal Malaria Chemoprevention (SMC) is a new strategy for the control 
of malaria in children involving monthly administration of sulfadoxine-
pyrimethamine plus amodiaquine (SPAQ) to prevent malaria. In Senegal, 
the southern regions where malaria is highly seasonal, and transmission 
is intense are the most suited areas for SMC with 620,000 children under 
10 years of age eligible for SMC. It is however important that scaling 
up of SMC by national Malaria Control Programmes is evaluated to 
document its coverage, the safety profile, the impact on malaria morbidity 
and drug resistance molecular markers. In 2014, to monitor malaria 
morbidity surveillance, 230 health structures were listed by district, with 
their catchment populations, (a total pop about 2 million) based on the 
2012 census. A survey sample of 32 health post, 16 districts hospitals 
were selected with probability proportional per size, by systematic random 
sampling, checked with respect to geographical coverage, malaria cases 
and malaria incidence rates to ensure the sample was representative. 
One month after the 3 SMC rounds with an administrative coverage 
of more than 95%, 2000 children under 10 and 1750 adults into 45 
villages selected by PPS were surveyed to document SMC coverage and 
drug resistance markers. A case - control study has been conducted in 2 
districts to measure the efficacy of SMC treatments. 225 malaria cases and 
controls who do not have malaria have been recruited concurrently, and 
the dates of the doses of SMC they received noted by trained fieldworkers. 
The strengthened passive pharmacovigilance system detected only 80 
mild adverse events and 2 serious adverse events (1 Lyell and 1 Steven - 
Johnson syndromes) after 1.843 million SMC treatments. The analysis is 
on going and efficacy results, impact on malaria morbidity and on drug 
resistance markers will be presented.
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1502
THERAPEUTIC EFFICACY OF ATOVAQUONE-PROGUANIL 
AND ARTESUNATE ATOVAQUONE-PROGUANIL FOR 
THE TREATMENT OF UNCOMPLICATED PLASMODIUM 
FALCIPARUM MALARIA IN AREAS OF MULTIDRUG 
RESISTANCE IN CAMBODIA

Chanthap Lon1, Mali Ittiverakul2, Sok Somethy3, Soklyda Chann1, 
Worachet Kuntawunginn2, Nareth Kong1, Jessica Manning2, 
Jessica Lin4, Dustin Harrison5, Andrew Vaughn5, Agus Ratchmat5, 
Satharath Prom3, Lek Dysoley6, David Saunders2

1Armed Forces Research Institute of Medical Sciences, Phnom Penh, 
Cambodia, 2Armed Forces Research Institute of Medical Sciences, 
Bangkok, Thailand, 3Royal Cambodian Armed Forces, Phnom Penh, 
Cambodia, 4University of North Carolina, Chapel Hill, NC, United States, 
5Naval Medical Research Unit - 2, Phnom Penh, Cambodia, 6National 
Center for Parasitology, Entomology and Malaria Control, Phnom Penh, 
Cambodia

We recently reported a clinical failure rate of greater than 54% for 
dihydroartemisinin-piperaquine, the last currently available artemisinin 
combination therapy (ACT) for the treatment of Plasmodium falciparum 
malaria in Cambodia. Few alternatives remain unfortunately. Atovaquone-
proguanil (AP) is a safe, well-tolerated drug for the treatment of drug 
resistant P. falciparum, and has recently been used in limited areas of 
Cambodia as part of public health interventions. There have been recent 
though unconfirmed reports of developing clinical AP resistance in Pailin 
province, as well as reports of mutations to the cytochrome bc-1 complex 
associated with atovaquone resistance. We are currently comparing 
two fixed-dose 3 day regimens of AP, with or without a 3 day course of 
co-administered artesunate (ASAP) for the treatment of uncomplicated 
malaria. This randomized, open label clinical trial will be conducted in 
up to 200 patients with P. falciparum or mixed P. falciparum/P. vivax 
infection at two sites in Cambodia. Enrollment began in Anlong Veng on 
the Thai-Cambodian border in December 2014, and will start in Kratie, on 
the Vietnamese border in May 2015. A single 15mg dose of primaquine 
is given on day 1, and subjects are followed for recurrence for 42 days. 
To date, 40 volunteers have been screened, 23 randomized to AP and 17 
randomized to ASAP. Preliminary results indicate only 1 of 31 evaluable 
subjects (3.2%) completing 42 day follow up to date have had P.f. 
recurrence, while 8 (25.8%) have had a P. vivax recurrence. One subject 
in the ASAP group suffered a serious adverse event with suspected drug-
induced liver injury. An interim report, including both efficacy, and safety 
results pertaining to the use of single low dose primaquine in subjects with 
G6PD deficiency, will be presented.

1503
MEASURING DIFFERENCES IN THE IN VITRO SUSCEPTIBILITY 
OF AFRICAN PLASMODIUM FALCIPARUM ISOLATES TO 
DIHYDROARTEMISININ USING A FLUORESCENT-READOUT 
PULSING ASSAY

Ifeyinwa Aniebo, Gisela Henriques, Colin Sutherland, Donelly 
van Schalkwyk
London School of Hygiene & Tropical Medicine, London, United Kingdom

Artemisinin-based combination therapy (ACT) is currently the most 
effective treatment strategy against Plasmodium falciparum malaria. 
There have been reports from Southeast Asia of parasite resistance to 
artemisinin and its derivatives, and there are fears that resistance to this 
class of drugs will spread to Africa. Artemisinin resistance is recognised 
by a relatively slow parasite clearance rate in patients receiving an ACT 
or artemisinin. In-vitro or ex-vivo methods are conventionally used to 
determin the IC50 value - the drug concentration that inhibits parasite 
growth by 50%- for parasite lines in the laboratory. To date, there have 
been no consistent correlations between half lives of P. falciparum treated 
with artemisinin in-vivo and in-vitro IC50 estimates from standard 48-hour 

artemisinin susceptibility assays. This study investigates alternative methods 
of assaying artemisinin resistance by in vitro exposure to dihydroartemisin 
(DHA) - the major metabolite of all ACT. Artemisinins have short half lives 
(1-2h) in-vivo and so short drug pulses were applied to parasites in an 
effort to better mimic in-vivo conditions. A 6hr drug pulse assay and a 
standard 48hr assay were used to observe any differences that may exist in 
IC50 values between field isolates from Kenya (HL1204), Ghana (HL1210) 
and Nigeria (HL1212). In all three isolates tested, the mean DHA IC50 values 
for the 6hr pulse assays were higher than that of the standard 48hr assays. 
This trend was seen as a shift to the right in the dose response curve. This 
approach revealed differences in IC50 values for DHA among the isolates. 
Field isolates from Ghana (6 fold higher than 3D7 lab strain) and Nigeria 
(3.4 fold higher) showed elevated mean DHA IC50 value compared to that 
from Kenya (1.7 fold higher than 3D7). Results also showed that DHA 
IC50 values varied among experimental replicates, reflecting the polyclonal 
nature of the isolates used in this study. There is an urgent need to 
develop in-vitro assays that correlate with parasite artemisinin response in 
vivo, as this will be useful in elucidating the molecular basis of artemisinin 
resistance.

1504
CONTRIBUTION OF PLASMODIUM FALCIPARUM, P. VIVAX 
AND P. MALARIAE TO CLINICAL MALARIA CASES IN NORTH 
SUMATERA PROVINCE, INDONESIA

Inke Nadia D. Lubis1,2, Chairuddin P. Lubis1, Munar Lubis1, Hendri 
Wijaya1 and Colin J. Sutherland2

1Medical Faculty, University of Sumatera Utara, Medan, Indonesia, 
2Department of Immunology and Infection, London School of Hygiene & 
Tropical Medicine, London, United Kingdom 

Indonesia, a country situated at the southeastern tip of Asia, has a total 
population of 245 million, of which 61% live in malaria endemic areas. 
Most of the endemic regions are in stable transmission zones although 
with low transmission risk. In 2012, WHO reported 2,051,425 malaria 
cases from Indonesia, comprising 22% of the malaria burden in Southeast 
Asia. All species of Plasmodium have been reported in the country with 
Plasmodium falciparum and P. vivax the predominant species. In order 
to carry out studies of in vivo efficacy of antimalarial treatment in North 
Sumatera, we conducted passive and active case screening by RDT and 
microscopy examination in Batubara regency, Langkat regency and South 
Nias regency. These semi-forested areas comprise dispersed small- to 
medium sized communities practising a mixture of permanent and shifting 
agriculture, as well as foraging in the forests. Two malaria parasite species, 
P. falciparum and P. vivax, have previously been reported in these sites. 
Among febrile patients, P. vivax was the most common cause of malaria, 
followed by P. falciparum. Demographic data and the features of clinical 
malaria in these communities will be presented, as well as the prevalence 
of each parasite species in febrile adults and children. We also describe the 
first PCR-confirmed clinical cases of P. malariae infection from this part of 
Indonesia.

1505
THE PREVALENCE OF MALARIA PARASITAEMIA IN SEVERELY 
MALNOURISHED AND WELL NOURISHED CHILDREN 
PRESENTED AT MULAGO HOSPITAL UGANDA

Moses Kiggundu1, Sarah Kiguli1, Ann Nanteza1, Florence 
Nalubowa2, Esther Sempa2, Samuel Lubwama Nsobya2

1Infectious Diseases Research Collaboration/Makere University, Kampala, 
Uganda, 2Mulago Hospital, Kampala, Uganda

Malnutrition and malaria remain the major causes of morbidity and 
mortality in young children mostly in sub-Saharan Africa. We hypothesized 
that the prevalence of Plasmodium falciparum will be higher in 
malnourished children compared to well nourished children. This study 
was case and control study whereby 100 samples of blood from severely 
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malnourished (cases) and 100 from well nourished (controls) children who 
presented to Mulago Hospital were examined for P. falciparum using 
light microscopy. The prevalence of Plamodium faciparum in malnourished 
children was 6% with mean geometric parasite density of 88/µl of blood, 
while that of well nourished children was 17% with average geometric 
parasite density of 1755/µl of blood caused by a mono-infection of P. 
falciparum. Stratifying both groups with malaria and associating them 
with age, children between 2- 36 months had high prevalence of malaria 
in both the cases (66.8%) and control (88.2%). The findings showed that 
malnourished children are less likely to suffer from malaria as compared 
to well nourished ones (P- value = 0.0148). The low prevalence of P. 
falciparum in malnourished child may be due to lack of essential nutrients 
needed by malaria parasites to thrive in the red blood cells. In addition, the 
presence of parasites in both cases and controls may due to the fact that 
partial immunity for malarial infection is just developing.

1506
MALARIA IN DONATED BLOOD IN CHIPATA DISTRICT 
HOSPITAL, EASTERN ZAMBIA

Lungowe Sitali
University of Zambia, Lusaka, Zambia

Although malaria is preventable and treatable, it still claims 584,000 
lives every year globally with children aged under five years having the 
highest burden. Plasmodium falciparum the parasite that cause malaria 
is one the most commonly encountered blood parasite. This parasite is 
transmitted by a female Anopheline mosquito, but can also be transmitted 
through blood transfusion and results in transfusion transmitted malaria 
(TTM). TTM poses a considerable risk of illness to the major recipients of 
blood. Unfortunately the blood collected is not routinely tested for malaria; 
hence the aim of this study was to determine the prevalence of malaria 
parasites in donated blood. A cross-sectional study where 600 donated 
blood samples from Chipata District Blood bank in Eastern Zambia were 
tested using rapid diagnostic tests (RDTs) for P.falciparum. Out the 600 
sample 74 were positive; hence the study showed 12.3% prevalence of 
malaria in donated blood. The study revealed prevalence 12.3%, therefore, 
it is important that there are preventive measures for all potential routes of 
transmission if the goal to eliminate it is to be achieved. Although the RDTs 
used have a 14 day antigen lag, hence is need to conduct a large study 
were microscopy and molecular methods are employed to detect parasites.

1507
TRENDS IN PROVIDER BEHAVIOR CAPTURED THROUGH 
ROUTINE MONITORING OF CASE MANAGEMENT OF FEVER 
AMONG ACCREDITED PROVIDERS IN UGANDA

Robert Mugerwa, John Baptist Bwanika, Tonny Kyagulanyi, 
Elizabeth Streat, Grace Nakanwagi
Malaria Consortium, Kampala, Uganda

Coverage of fever case management interventions remains low across 
sub-Saharan Africa, including Uganda. While many caregivers seek 
treatment for symptoms of fever in the private sector, private sector 
outlets may not have adequate diagnostics, training, waste management, 
and first line quality assured treatments to ensure appropriate case 
management. Malaria Consortium together with FIND, PSI and WHO are 
implementing a project creating a private sector market for quality assured 
RDTs in malaria endemic countries from April 2013 to date targeting 
private sector. Accredited outlet types including drug shops, pharmacies 
and clinics have been established, and participating members received 
training in integrated case management for febrile illnesses, supportive 
supervision, quality assured malaria rapid diagnostic test kits, and waste 
management services. Malaria Consortium UNITAID Private Sector RDT 
project implements a program monitoring system that collects routine 
data on a monthly basis. Data is captured by accredited private providers 
in a client register on phones and or patient slips, and which includes 
information on symptoms (e.g. fever), assessment (e.g. RDT results), and 

case management (i.e. referral, treatment). The register facilitates tracking 
numbers of patients, number of treatments administered, outcome of 
treatment and the extent to which providers are providing correct case 
management according to the treatment algorithm. Patient register 
data were entered into a database for calculation of indicators across 
the project. Trends in provider behavior over time will be presented. 
Implications for improving quality of care in the private sector, and 
approaches to effectively monitoring private providers will be discussed.

1508
POTENTIAL IMPACT OF RAPID DIAGNOSTIC TEST 
DIAGNOSTIC ERROR ON INCREASED MALARIA MORTALITY

Colin Ohrt1, Awalludin Sutamardja1, Maciej F. Boni2, Andrew A. 
Lover1

1University of California, San Francisco, San Francisco, CA, United States, 
2Nuffield Department of Medicine, University of Oxford, Oxford University 
Clinical Research Unit, Wellcome Trust Major Overseas Programme, Ho Chi 
Minh, Vietnam

It is crucial to investigate whether increased adoption of rapid diagnostic 
tests (RDTs) could have adverse effects on malaria mortality due to the 
high absolute number of initially untreated cases. Malaria rapid diagnostic 
tests (RDTs) have been recommended by the World Health Organization 
to obtain a specific malaria diagnosis before treatment of malaria. RDTs 
are now being used widely in malaria-endemic regions, including use 
by community health workers. Published estimates of RDT sensitivity for 
Plasmodium falciparum malaria typically range from 85-95% ((check)). 
In addition, real world sensitivity is often lower and treatment decisions 
may not be made correctly for both positive and negative RDT results 
due to limited education of many users, poor training for proper use and 
limited quality assurance. Globally, a 5% false negative rate in an RDT 
represents 25 million ((confirm)) untreated malaria cases. It is currently 
unknown what happens to these untreated cases. The mortality for 
delayed treatment in travelers is estimated to be ((confirm XX)), but is 
unknown in the developing world setting. The rationale for the use of 
RDTs will be presented along with methods to reduce the risk for mortality. 
Such methods include serial testing for a negative result, instructing of 
the patient about the possibility of a false negative result and for the 
patient to return promptly for persistent or worsening symptoms. In fact, 
presumptive treatment should be reconsidered in some situations. The 
myth of increasing artemisinin-resistance will be addressed and well as the 
potential real risk for resistance-induction with long half-life antimalarials. 
Lastly, methods to conduct quality assurance for RDTs, as well as to detect 
clinical relevant problems with RDTs will be described.

1509
COMPARISON OF BLOOD SMEAR WITH SERUM MOLECULAR 
TESTING FOR THE DIAGNOSIS OF MALARIA AMONG FEBRILE 
KENYAN CHILDREN

Jesse J. Waggoner1, Julie Brichard1, Francis Mutuku2, Bryson 
Ndenga3, John Vulule3, Dunstan Mukoko4, Benjamin A. Pinsky1, A. 
Desiree LaBeaud1

1Stanford University, Palo Alto, CA, United States, 2Technical University of 
Mombasa, Mombasa, Kenya, 3Kenya Medical Research Institute, Nairobi, 
Kenya, 4Ministry of Health, Nairobi, Kenya

In endemic countries, accurate malaria diagnostics are needed to both 
correctly identify cases and exclude this as the etiology of nonspecific 
acute febrile illness in children. Molecular testing is the most sensitive 
diagnostic test for malaria, but this is typically performed using whole 
blood. Serum may provide a useful alternative; however, few data have 
been published on the performance of malaria molecular diagnostics 
using this specimen type. To compare the performance of blood smear 
with malaria molecular testing on serum, we randomly selected samples 
from 194 children who were enrolled in an ongoing, acute febrile illness 
surveillance study in coastal and western Kenya. Patients presented 
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within the first 3 days of fever. Blood smear was performed at the time of 
presentation. Serum samples were tested using a multiplex molecular test 
(referred to as the UFI assay), which detects all five Plasmodium species 
with the specific detection of Plasmodium falciparum. Malaria was 
detected in 37 (19.1%) patients by blood smear and 59 (30.4%) patients 
using the UFI assay (p=0.01). Five patients with positive blood smears 
were negative for malaria in the UFI assay, whereas 27 patients only had 
malaria detected by molecular testing. Compared to the UFI assay, the 
sensitivity of blood smear was 54.2% and specificity was 96.3%. Among 
the 59 samples positive for malaria in the UFI assay, 48 were confirmed 
as P. falciparum (81.4%), 6 (10.2%) demonstrated evidence of a mixed 
infection with P. falciparum and another species, and 5 (8.5%) were 
positive only for non-falciparum malaria. Patients who tested positive 
for malaria by either method were significantly older than patients who 
tested negative (mean 5.7 yo (range 1-15.75) versus 4.4 yo (range 1-17.5), 
respectively; p<0.01). Using archived serum, the UFI assay detected 
malaria in significantly more febrile Kenyan children than peripheral blood 
smear performed at presentation. This study demonstrates the utility of 
serum for malaria molecular testing and suggests that malaria may be 
underdiagnosed if blood smear is relied upon.

1510
DEVELOPMENT OF A POINT OF CARE MOLECULAR TEST FOR 
PLASMODIUM VIVAX

Omar A. Saldarriaga1, Alejandro Castellanos1, Hayley Sparks1, 
Gerald C. Baldeviano2, Salomon Durand2, Andres G. Lescano2, 
Peter C. Melby1, Bruno L. Travi1
1University of Texas Medical Branch, Galveston, TX, United States, 2U.S. 
Naval Medical Research Unit - 6, Lima, Peru

Malaria is a major public health problem in tropical and subtropical 
countries with almost 200 million cases reported annually. In the American 
continent Plasmodium vivax extends from Mexico to northern Argentina 
and is responsible for the majority (>70%) of the ≈670,000 reported 
annual cases. In addition to its known high rate of post-treatment 
recurrence, recent reports indicated that P. vivax could be responsible 
for severe malaria cases. The elimination/eradication efforts include the 
development and implementation of specific and sensitive diagnostic 
tests. Several antigen-based Rapid Diagnostic Tests are currently being 
used in endemic areas with good results when parasite loads are high 
(≥2,000 parasites/µL), yet the sensitivity is poor when parasitemia is <200 
parasites/µL. This is particularly evident with P. vivax. Consequently, our 
objective was to develop a sensitive field-applicable molecular test for P. 
vivax capable of detecting low parasite burdens. We designed primers and 
probes targeting 18S rRNA of P. vivax for isothermal DNA amplification 
using Recombinase Polymerase Amplification coupled with a lateral flow 
immunochromatographic strip (RPA-LF). Blood DNA from infected patients 
from an endemic are in the Peruvian Amazon was extracted using the 
Qiagen® kit. Preliminary results in a small number of clinical samples 
(n=10) (30 min, 40 °C) showed that these primers specifically amplified 
P. vivax. There was no cross reactivity with P. falciparum (n=6). We are 
currently evaluating the sensitivity of RPA-LF with the goal of detecting 
samples with low parasite burden. The utilization of lateral flow (LF) strips 
allowed detecting P. vivax infections with the naked eye, which makes this 
diagnostic test potentially applicable at the point of care.

1511
HIDDEN PREVALENCE OF SUB-MICROSCOPIC INFECTIONS: 
THE ROLE FOR MOLECULAR DIAGNOSTICS IN MADAGASCAR

Rosalind E. Howes1, Thierry Franchard2, Tovonahary A. 
Rakotomanga2, Julie Rosenjack3, Melinda Zikursh3, Tiana 
Ramanatiaray2, Brune Ramiranirina2, Arsène Ratsimbasoa2, Peter 
A. Zimmerman3

1Department of Zoology, University of Oxford, Oxford, United Kingdom, 
2National Malaria Control Programme of Madagascar, Antananarivo, 
Madagascar, 3Center for Global Health and Diseases, Case Western 
Reserve University, Cleveland, OH, United States

Community prevalence of infection is a widely used, standardized 
metric for evaluating malaria endemicity status at the population level. 
Conventional methods for measuring prevalence include light microscopy 
(LM) and rapid diagnostic tests (RDT), but their detection thresholds leave 
them inadequate for assessing low density parasitaemias. The significance 
of sub-microscopic malaria infections is poorly understood in Madagascar, 
a country targeting pre-elimination status by 2017. The country’s 
distinct epidemiological zones experience different patterns of endemic/
epidemic transmission, and their underlying parasite reservoirs remain 
poorly quantified. A population prevalence survey of 2141 individuals 
was conducted across 25 villages in the western highland fringe region 
of Ampasimpotsy, Tsiroanomandidy district, in March 2014. LM and the 
SD Bioline Combo Pf/Pan RDT were used to screen for infection. PCR-
based molecular evaluation by a ligase detection reaction-fluorescent 
microsphere assay (LDR-FMA) was subsequently conducted from filter-
paper blood spots. Prevalence of Plasmodium infection diagnosed by 
LM, RDT, and PCR was 2%, 5% and 20%, respectively. This diagnostic 
discordance was greatest for Plasmodium vivax infection, which ranged 
from 0.2% prevalence by LM, to 11% by PCR. Diagnostic sensitivities 
and prevalence of sub-microscopic infections are examined in relation 
to patient age, fever, and history of fever. These observations of high 
prevalence of sub-microscopic infections in western Madagascar strongly 
call for wider assessment of the parasite reservoir in other regions of the 
country. The deadly epidemic during early 2015 highlights the threat 
that these reservoirs can present, particularly in apparently low endemic 
settings such as southern Madagascar. Pre-elimination will require a 
shift in focus towards attacking the parasite reservoir, including these 
sub-microscopic infections. The diagnostic disparities observed from this 
study corroborate calls globally for a transition towards higher-sensitivity 
diagnostics for epidemiological monitoring and assessing intervention 
impact.

1512
CLINICAL IMPACT OF MALARIA RAPID DIAGNOSTIC TESTING 
IN A NON-ENDEMIC SETTING

Leslie A. Enane, Kaede Ota-Sullivan, Kristen A. Feemster
The Children’s Hospital of Philadelphia, Philadelphia, PA, United States

Children who develop malaria after returning to non-endemic settings 
are at high risk for critical delays in diagnosis and initiation of appropriate 
antimalarial therapy. Laboratory diagnosis traditionally depends on thick 
and thin Giemsa smears, requiring highly trained lab personnel. Rapid 
diagnostic testing (RDT) shows excellent sensitivity and negative predictive 
value, superior to blood smears, and does not require specific expertise. 
Yet RDT has not been adopted by most US clinical laboratories. An 
FDA-approved immunochromatographic assay for the rapid detection 
of Plasmodium antigens was introduced at the Children’s Hospital 
of Philadelphia on August 1, 2007. RDT is performed on all samples 
tested for blood parasites, followed by routine blood smears. Use of 
RDT dramatically decreased time to report a positive result with any 
Plasmodium species (from 9.8 to 1.7 hours) and with P. falciparum (from 
10.2 to 1.6 hours). The objective of this retrospective cohort study is to 
measure the impact of RDT on the management of children with malaria 
at an urban tertiary care children’s hospital serving a large immigrant 
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population. Among 71 children admitted with laboratory-confirmed 
malaria from 2000 to 2014, we will compare clinical management and 
outcomes of malaria cases before and after RDT introduction while 
adjusting for disease severity and patient age. Primary outcome variables 
derived from electronic medical record abstraction include time to positive 
malaria result report, time to initiation of antimalarial therapy, time to 
clearance of parasitemia, need for exchange transfusion, ICU admission, 
and length of hospital stay. We hypothesize that implementation of RDT is 
associated with a significant reduction in time to initiation of antimalarial 
therapy, time to resolution of parasitemia, and length of hospital stay. The 
clinical impact of RDT has not previously been reported in a non-endemic 
setting. This research will emphasize the utility of RDT as a critical tool 
for the optimal management of patients with malaria in non-endemic 
settings. We anticipate completion of this ongoing study by August 2015.

1513
ASSESSING THE MARKET LANDSCAPE FOR AN INFECTION 
DETECTION TEST AIMED AT MALARIA ELIMINATION

Bhavya Gowda1, Katherine Imus Misiuda2, Paul LaBarre2

1PATH, Washington, DC, United States, 2PATH, Seattle, WA, United States

PATH’s Diagnostics for Malaria Elimination toward Eradication (DIAMETER) 
team is focused on bridging the gap between the rapidly evolving set 
of infection detection requirements that support elimination and the 
limitations of existing diagnostic tests. As the managing partner for 
Infection Detection Test (IDT) Development Initiative, the DIAMETER 
team is working to create a high quality, low cost, easy to use, and 
highly sensitive Plasmodium falciparum (Pf)-specific HRP2 IDT capable 
of identifying low density Pf infections that current rapid diagnostic 
tests (RDTs) cannot detect. In Phase 1, we worked with experts to draft 
a preliminary target product profile, landscaped potential pipeline 
technologies, and conducted field work to understand use scenarios 
for improved diagnostics. In Phase 2, we managed technical feasibility 
activities for next generation tests aimed at identifying individuals with 
low-density malaria infections. As a subset of this work, we sought to 
understand how the market will respond when such a test is available 
for use. Ultimately, the goal of our market research activities was to 
support the definition, commercialization, and implementation of the 
most promising, cost-effective, and impactful diagnostic technologies 
for malaria elimination while promoting investment and development 
of a healthy IDT market. First, we had to define the factors that could 
influence supply and demand of the proposed IDT. We assessed early 
market demand for the IDT by developing various demand scenarios. 
For instance, the IDT’s intended use and whether the IDT would replace 
existing RDTs would impact product uptake by countries, donors, and 
implementing agencies as well as manufacturers’ volumes. We modeled 
key factors, capturing project assumptions and develop these scenarios 
by engaging with subject matter experts and Ministry of Health malaria 
staff. Additionally, we conducted a comprehensive review in several focal 
countries to understand elimination strategy impact on the supply and 
demand issues associated with RDTs. We will present our methodology, 
findings, and implications related to IDT development decision.

1514
INCREASING USE OF AND ADHERENCE TO MALARIA 
DIAGNOSTIC TESTS THROUGH ENHANCED NATIONAL CASE 
MANAGEMENT TRAINING IN CAMEROON

Katelyn Woolheater, Kathleen Maloney, Justin Graves, 
Divine Nzuobontane, Andrew Atabe, Annold Vishi, Lyudmila 
Gorokhovich, Leslie Emebuonye, Lindsay Bryson, Justin M. Cohen, 
Arnaud Le Menach
Clinton Health Access Initiative, Boston, MA, United States

The national malaria strategy of Cameroon calls for at least 80% of 
suspected malaria patients (fever or history of fever) to receive a malaria 
test, and less than 20% of negative tests to receive anti-malarials. To 

improve testing and adherence rates towards these targets, the malaria 
program organized a two-day malaria case management training for 
providers and laboratory technicians in public health facilities between 
February and June 2014. As confirmatory diagnosis and adherence 
to negative tests were not routinely collected we placed consultation 
registers between October 2013 and September 2014 in 157 public 
health facilities across five of the ten regions in Cameroon. Patients 
of any age seeking care for any cause were recorded in the registers. 
Information was collected on demographics (age, gender), symptoms, 
malaria testing (microscopy or rapid diagnosis test), and any treatment 
received. A multivariable analysis was performed to assess whether 
patient symptoms and healthcare worker participation in the training were 
associated with test uptake and adherence to test results, adjusting for 
patient demographics, month of consultation, and health facility. During 
the study period, 126,462 patients were recorded across the 72 facilities 
that filled the register, of which 28% had suspected malaria. Overall, 
69% of suspected malaria patients consulting before the training received 
a malaria test versus 76% after (p<0.001). However after adjusting for 
potential confounders, patient consulting after the training had reduced 
odds of being tested (OR=0.88, 95% CI=0.82-0.95) compared to those 
consulting before. Among patients who tested negative and reporting 
receiving a treatment, 22% received an anti-malarial before training 
compared to 17% after (p<0.01), consistent with increased adjusted 
odds of adhering to test results after training (OR=1.44, 95% CI=1.12-
1.84). Over the course of the study, test uptake and adherence increased, 
however uptake remained below the national target. Further studies 
should explore whether additional efforts, such as mentorship, would be 
sufficient to improve test uptake to national targets.

1515
EVALUATION OF MALARIA RAPID DIAGNOSTIC TESTS 
AND GIEMSA LIGHT MICROSCOPY IN HIGHLY MALARIOUS 
DISTRICTS, AMHARA REGION, ETHIOPIA, 2014

Belay Bezabih Beyene1, Woyneshet Gelaye1, Ermias Demilew2, 
Getnet Abie1, Tsehay Tewabe1, Peter Wassawa3, Rick Steketee4

1Amhara Regional Health Bureau, Bahir Dar, Ethiopia, 2World Vision, Addis 
Ababa, Ethiopia, 3African Field Epidemiology Network, Kampala, Uganda, 
4PATH, Seattle, WA, United States

Malaria remains a leading health challenge in Ethiopia. A confirmatory 
diagnosis with a rapid diagnostic test (RDT) or microscopy is recommended 
for all suspected malaria cases, and understanding factors affecting 
the comparability of these diagnostics is important for good case 
management. We assessed factors related to RDT (SD BIOLINE) and 
microscopic diagnosis of malaria. A cross-sectional study was conducted 
in eight high malaria districts of Amhara Region from May 15 to June 
15, 2014. All suspected cases presenting to health facilities were eligible 
for inclusion. With an estimated 9% malaria prevalence, sample size was 
calculated at 892 using Buderer’s formula and 1,000 suspected cases were 
sought from ten health centers; 987 and 990 were tested for malaria 
by RDT and microscopy, respectively. The median age was 21 years old 
(range 1-88 years); 53% were male; 669 (67%) were over 15 years old, 
172 (17%) were under 5 years old. The malaria positivity rate by RDT and 
microscopy was 17.1 % (169) and 16.5% (163), respectively. Compared to 
the microscopy standard, RDTs showed a sensitivity of 83.9%, specificity 
of 96.0%, positive predictive value (PV) of 80.4%, and negative PV of 
96.8%. The level of agreement (Kappa value) between first and second 
microscopy reader was 0.74 (p-value < 0.001). In a multivariate logistic 
regression model, factors associated with higher infection included: male 
sex (OR=1.49, 95% CI=1.06-2.12), recent reported fever (OR=1.57, 95% 
CI=1.06-2.33), and having received malaria health education (OR=1.61, 
95% CI=1.12-2.32). Children under 5 years old had a lower risk of 
malaria infection (OR=0.32, 95% CI=0.17-0.60). In this malarious area 
of Amhara Region, the specificity and negative-PV of the RDTs were 
excellent; however, the sensitivity and positive-PV were lower (83.9% and 
80.4%, respectively). As malaria control improves and prevalence declines, 
the PV of a negative-RDT will be excellent, but the PV of a positive 
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test will become very low. Continued quality assurance and training of 
laboratory technicians on RDTs and microscopy will be critical to maintain 
comparability of these two important diagnostic methods.

1516
USE OF MALARIA RAPID DIAGNOSTIC TESTING AND 
ACCEPTABILITY OF RESULTS: AN ASSESSMENT AMONG 
MEDICAL LABORATORY SCIENTISTS IN NIGERIA

Adolor Aisiri1, Abiodun Ojo1, Bolatito Aiyenigba2, Oluwole 
Adeusi2, Halima Mwenesi3
1Malaria Consortium/Malaria Action Program for States, Abuja, Nigeria, 
2FHI360/MAPS, Abuja, Nigeria, 3FHI 360, Washington, WA, United States

Confirming suspected cases of malaria through Rapid Diagnostic Tests 
(mRDT) is expected in secondary and tertiary health facilities when malaria 
microscopy is not feasible. Unavailability of trained microscopists, non-
availability of functional microscope and quality reagents, and in some 
cases, high client load are challenges to quality malaria microscopy. 
Medical laboratory personnel sometimes question the validity of mRDT 
results leading to their low use and acceptance. This study assessed the 
perception of medical laboratory scientists on the validity and acceptance 
of mRDT results in secondary and tertiary health facilities in Nigeria. This 
cross sectional study purposively sampled 66 medical laboratory scientists 
attending a professional meeting. A pre-validated self-administered 
questionnaire was used to assess attitude towards validity and acceptability 
of results obtained through the use of mRDTs. The mean age of 
respondents was 43±8 years. The majority (98%) had heard of mRDT 
but only 67% use mRDT in their health facility. Sixty four percent (64%) 
agreed that mRDT results are valid and should be accepted by all health 
care providers, however only 49% agreed that mRDT has specificity and 
sensitivity levels comparable to microscopy. Although 83% of respondents 
agreed that mRDT results are useful for clinical decisions, 60% disagreed 
that mRDTs should be used in secondary and tertiary health facilities where 
microscopy is not feasible. Fifty percent claimed to have had challenges 
using mRDTs and 26% were related to the discordance with microscopy 
results. A large majority, 94% agreed that mRDT use skills should be 
incorporated in the school curriculum for medical laboratory scientists. 
Distrust of mRDT results persist among medical laboratory scientist and 
may exist among other health care professionals. Integration of mRDT 
training into medical professional curriculum should be advocated for, 
to increase use and acceptance of mRDT results. The current in-service 
training on mRDT for primary health care workers should be strengthened 
in secondary and tertiary health facilities in Nigeria.

1517
ASSESSMENT OF A STANDARD MALARIA MICROSCOPY 
TRAINING PROGRAM ON THE PERFORMANCE OF MEDICAL 
LABORATORY SCIENTIST IN NIGERIA

Abiodun Ojo1, Bolatito Aiyenigba2, Adolor A. Aisiri1, Oluwole 
Adeusi2, Halima Mwenesi3
1Malaria Consortium/Malaria Action Program for States, Abuja, Nigeria, 
2FHI360/MAPS, Abuja, Nigeria, 3FHI 360, Washington, WA, United States

Rapid and precise diagnosis of malaria is an essential element in the 
effective case management and control of malaria. Malaria microscopy is 
used as the gold standard for malaria diagnosis, however results remain 
poor as positivity rate is consistently over 90%. The President’s Malaria 
Initiative (PMI) through the Malaria Action Program for States in Nigeria 
supports 9 states to build capacity for malaria microscopy. This study 
demonstrates the effectiveness of in-service training on malaria microscopy 
amongst medical laboratory scientists. The training was based on WHO 
basic microscopy training manual. The training utilized a series of didactic 
lectures and examination of quality teaching slides using a CX 21 Olympus 
binocular microscope. Purposive sampling was used to enroll 109 medical 
laboratory scientists across 5 states in Nigeria. Evaluation of the training 
using a pre and post-test method was based on: written test questions; 

reading photographic slide images of malaria parasites; and prepared 
slides. There was a significant improvement in the mean post-test scores 
for the written test from 38±9% to 71±12%. Mean post-test score for 
computer based picture speciation test (63±16%) and picture detection 
test (89.2±10.0) were significantly higher than the mean post-test score 
for slide reading speciation test (38±20%) and slide reading detection test 
(70.7±15.3). The mean counting post-test score improved significantly 
from 4.2±8.0% to 27.9±14.0%. Parasite detection and speciation using 
enhanced visual imaging was significantly improved compared with using 
direct microscopy. Regular in-service training and provision of functional 
and high resolution microscopes are needed to ensure quality malaria 
microscopy.

1518
REAL-TIME QUANTITATIVE PCR AS THE GOLD STANDARD 
FOR MALARIA DIAGNOSIS: EVIDENCE FROM THE PERUVIAN 
AMAZON, A MALARIA HYPOENDEMIC REGION

Roberson Ramirez1, Lindsay Prado1, Mitchel Guzman1, Freddy 
Gutierrez1, Jorge Sangama1, Dionicia Gamboa2, Joseph Vinetz3, 
Alejandro Llanos-Cuentas2

1Laboratorio Satelite Iquitos, Universidad Peruana Cayetano Heredia and 
University of California San Diego, Iquitos, Peru, 2Instituto de Medicina 
Tropical Alexander von Humboldt, Universidad Peruana Cayetano Heredia, 
Lima, Peru, 3University of California San Diego, San Diego, CA, United 
States

The diagnosis of malaria requires the identification of malaria parasites or 
Plasmodium antigens/products in patient samples. While conventional 
microscopy remains the gold standard, quantitative real time PCR (qPCR) 
despite technological and cost challenges remains an important tool for 
quantification and confirmation of low density parasitemia and mixed 
infections. With the goal of finding potential human reservoirs of malaria 
transmission asymptomatic, clinically immune, Plasmodium-parasitemic 
individuals_we compared qPCR (Plasmodium 18S rDNA target) to light 
microscopy on blood samples obtained from a longitudinal cohort of six 
communities in the Peruvian Amazon. Of 7,494 samples 868 (11.6%) 
were positive by qPCR; of these, 73% were P. vivax, 27% P. falciparum. 
By microscopy, only 320 (4.3%) were positive; 95% were P. vivax, 5%. 
P. falciparum. Sensitivity and specificity of microscopy were 24% and 
17%, respectively, compared to qPCR. No mixed infections were detected 
by either method. The 526 asymptomatic infections had very low parasite 
density (16/µl; SD ± 18.47) detected only by qPCR. Most asymptomatic 
subjects (40%) were 30-50 years old. Compared to the light microscopy, 
qPCR or any other molecular tool, with appropriate quality controls, 
should be implemented at the public health level for monitoring programs 
and control of malaria. Further work to determine if treatment of qPCR-
positive/light microscopy-negative individuals has an impact on malaria is 
important to carry out.

1519
DIAGNOSTIC TESTING AND ADHERENCE TO ANTIMALARIAL 
MEDICATION: EVIDENCE FROM A RANDOMIZED 
CONTROLLED TRIAL IN UGANDA

Jessica L. Cohen, Indrani Saran
Harvard T.H. Chan School of Public Health, Boston, MA, United States

Artemisinin-combination therapies (ACTs), currently the only effective 
treatment for malaria, have contributed to large declines in the morbidity 
and mortality burden of the disease over the past decade. Though it is a 
short 3-day treatment for malaria, 34 percent of patients do not complete 
the full course of ACTs. This is not only harmful for the individual, but 
also increases the risk of widespread pathogen resistance to the drugs. 
Adherence to ACTs is complicated by the fact that, historically, both health 
workers and patients have relied primarily on the patients’ symptoms to 
diagnose malaria. Since the symptoms of malaria overlap with several 
other common diseases, patients are likely to be uncertain about whether 
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they are actually suffering from malaria, which reduces the expected 
benefit of completing the treatment. We conducted a randomized 
controlled trial in Central Uganda to examine whether patients who 
received a confirmed diagnosis of malaria, using a rapid diagnostic test 
(RDT), are more likely to finish their medications. Among a sample of 
1,525 patients purchasing ACTs at private drug shops, we randomly 
offered 573 (37%) a free malaria rapid diagnostic test and then visited all 
patients at their households three days later to assess whether they had 
completed the treatment. Of those who were offered and consented to 
testing, 68% tested positive for malaria while, overall, 66% of patients 
finished the full course of drugs. Compared to those who were not offered 
the test, a positive malaria test did not increase the odds of completing the 
treatment, not even among young children for whom the risk of malaria 
mortality is highest. However, patients who received a positive malaria test 
had 25% fewer tablets remaining at the follow-up survey than those not 
offered the test, indicating that a confirmed diagnosis encouraged some 
patients to complete a few additional doses of the drug. We also show 
that patients who still felt unwell on the second day of treatment had 
approximately twice the odds of completing the treatment which suggests 
that many people may stop taking the medicines because they feel better 
and believe that they are cured of malaria.

1520
STRUCTURAL CHARACTERIZATION OF PLASMODIUM 
FALCIPARUM HRP2: ANALYTICAL CHALLENGES 
IN PLASMODIUM FALCIPARUM HRP2-BASED IDT 
DEVELOPMENT

Ihn Kyung Jang1, David Sullivan2, Maria Kahn1, Robert Burton1, 
Paul LaBarre1

1PATH, Seattle, WA, United States, 2Johns Hopkins Malaria Research 
Institute, Baltimore, MD, United States

With improved performance over rapid diagnostic tests (RDTs), infection 
detection tests (IDTs) currently under development will provide improved 
diagnostic support for global Plasmodium falciparum (Pf) elimination 
campaigns. By targeting Pf-specific histidine rich protein 2 (PfHRP2), which 
persists several weeks in peripheral blood, prototype IDTs are designed to 
detect low-level and episodic Pf infections. Commercially available PfHRP2-
based RDTs have a high degree of variability in their clinical and analytical 
sensitivity. The naturally-occurring sequence variations of PfHRP2, 
especially the frequency and types of tandem amino acid repeats found 
in various isolates, may affect the performance of these tests, especially 
at low levels of parasitemia. As we begin to characterize the performance 
of IDT prototypes in the product development pipeline, we recognize that 
evaluation of these tests using available PfHRP2 reference standards that 
are not equivalent to endogenous PfHRP2 may provide a relative, but not 
truly definitive, quantitative measure of PfHRP2 test performance. The 
aim of the present study is to investigate the effects of the sequence and 
repeat number variation of PfHRP2 proteins on the binding of PfHRP2-
specific antibodies, and to examine potential shortcomings of current 
reference standards used for IDT test development. Recombinant PfHRP2 
proteins that possess or lack an affinity purification tag were evaluated for 
binding to PfHRP2-specific antibodies in an in-house developed sandwich 
enzyme linked immunosorbent assay. Our preliminary data show that the 
detection limit of PfHRP2 proteins lacking an affinity purification tag is 
much lower than for those carrying an affinity purification tag, indicating 
that the extra unnatural amino sequence might hinder the access of 
antibodies to their epitopes. Evaluating the effect of PfHRP2 sequence 
variations on the binding of PfHRP2-specific antibodies used for IDTs is 
currently ongoing. The present study will provide new evidence to enable 
rationale selection of reference standards in support of IDT development 
for detecting low level Pf infections.

1521
A SEMI-QUANTITATIVE PAPER-BASED TEST FOR PREDICTING 
PROGRESSION TO SEVERE MALARIA

Chelsey Smith1, Karl Seydel2, Terrie Taylor2, Rebecca Richards-
Kortum1

1Rice University, Houston, TX, United States, 2Michigan State University, 
East Lansing, MI, United States

Severe malaria affects thousands of children in sub-Saharan Africa 
annually, with the majority of these children under the age of five. 
Parasites sequester in microcapillaries and cause hypoxia that may lead 
to dysfunction of vital organs. Unless treatment is given quickly, severe 
malaria can lead to mortality or permanent complications for the child. 
Retinopathy and other suitable methods to predict progression to 
severe malaria are not feasible for low-resource settings due to cost and 
infrastructure requirements. Additionally, the gold standard for malaria 
diagnosis, blood smear microscopy, is not indicative of disease progression. 
Recent studies have shown that plasma concentration of Plasmodium 
falciparum histidine-rich protein 2 (pHPR2), a protein secreted by parasite-
infected erythrocytes, can identify children with uncomplicated malaria 
that might progress to severe malaria. We have developed a low-cost 
2D paper network which semi-quantitatively reports the concentration 
of pHRP2. The device works with one drop of whole blood, costs about 
1 USD, and has a limit of detection of 10 ng/mL, which is lower than 
current RDTs on the market. It involves minimal user input and runs within 
30 minutes. Pilot tests have assessed the ability of the device to semi-
quantitatively differentiate levels of pHRP2 using spiked human blood 
from various donors. Once validated, our device could potentially allow for 
simultaneous diagnosis of malaria and prediction of progression to severe 
malaria. Therefore, we believe the test could provide clinicians with a low-
cost tool to make informed decisions for parasitemic children.

1522
IMPACT OF MALARIA RAPID DIAGNOSTIC TESTS ON PATIENT 
CARE: RESULTS FROM THE ACT CONSORTIUM

Katia Bruxvoort, Baptiste Leurent, Heidi Hopkins, ACT 
Consortium RDTs in Context Working Group
London School of Hygiene & Tropical Medicine, London, United Kingdom

Malaria rapid diagnostic tests (RDTs) are intended to have a beneficial 
impact on management of suspected malaria, including that patients with 
confirmed malaria receive artemisinin-based combination therapy (ACT) 
and patients without malaria receive non-antimalarial treatment. The ACT 
Consortium includes several studies designed to test operational strategies 
for ACT and RDT implementation in various settings, providing an 
opportunity to draw on data from multiple projects that have introduced 
RDTs across a range of clinical, social, and epidemiological contexts, and in 
public, private retail, and community health service sectors. To assess the 
impact of RDTs on patient treatment and satisfaction at the consultation, 
data were examined from nine studies comparing scenarios where RDTs 
were made available to control scenarios where RDTs were not made 
available. Where RDTs were introduced, the proportion of patients tested 
ranged from 39% to 99%; figures were similar for children under 5 years 
and for older patients. Prescription of ACT was lower in nearly all RDT 
scenarios (range 8-64% versus 15-99% in scenarios without RDTs), driven 
mostly by reduced prescription for RDT-negative patients (range 3-45% 
versus 18-98% for RDT-positive patients). An exception to this pattern was 
seen in public facilities in a high-transmission setting where RDTs were 
irregularly available in the control arm. The impact of RDTs on prescription 
of systemic antibiotics varied, ranging from 15-73% in scenarios without 
RDTs and 21-75% in scenarios with RDTs available, and was slightly higher 
for RDT-negative patients (range 29-78% versus 13-65% for RDT-positive 
patients). There was no clear pattern observed for prescription of other 
treatments, polypharmacy, or patient satisfaction. This ongoing analysis 
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aims to understand factors associated with variation in case management 
outcomes in order to offer more tailored guidance for RDT introduction in 
other areas.

1523
MODELLING THE COST-EFFECTIVENESS OF INTRODUCING 
MALARIA RAPID DIAGNOSTIC TESTS IN THE PRIVATE FOR-
PROFIT SECTOR

David Bath, Catherine Goodman, Clare Chandler, Shunmay 
Yeung
London School of Hygiene & Tropical Medicine, London, United Kingdom

During the last five to ten years, major changes have occurred in the 
diagnosis of malaria in primary level public health facilities in endemic 
countries, as malaria rapid diagnostic tests (mRDTs) have been widely 
deployed. There are now increasing calls for mRDTs to be made available 
outside formal public health facilities - and in particular through the private 
for-profit sector, where a high proportion of people with suspected malaria 
seek care. Private sector antimalarial providers include private hospitals and 
clinics, though in most settings the majority of antimalarials are distributed 
through drug retailers, primarily drug stores and small pharmacies, which 
very rarely provide blood tests. It is common to find that a high proportion 
of patients sold antimalarials at such outlets are not parasite positive, while 
many other clients who are parasite positive do not receive appropriate 
antimalarial treatment. Private sector mRDT introduction on a large scale 
has already begun in several African countries, though robust evidence 
on the impact and value for money of these strategies is not yet available. 
Fundamental questions remain as to where and how mRDTs should 
be introduced, and what the impact will be on costs, individual health 
outcomes and public health. We have developed a cost-effectiveness 
decision tree model of management of non-severe febrile illness, adapting 
and expanding previous models to cover the private sector, and updating 
them by drawing on parameters from recent published and unpublished 
data. The model documents care-seeking pathways, test accuracy, and 
the effect of test results on treatment choice and adherence to treatment. 
Results will be presented on the impact on treatment outcomes, costs, 
and cost effectiveness of different mRDT roll-out packages, for those with 
malaria and those with other febrile illnesses. Cost-effectiveness will be 
reported in terms of cost per disability adjusted life year (DALY) averted 
and cost per death averted. The overall cost implications for implementing 
agencies, across a range of malaria transmission and health system 
settings, will also be discussed.

1524
MALARIA RAPID DIAGNOSTIC TEST MARKET TRENDS IN 
SUB-SAHARAN AFRICA, 2009-2014

Megan Littrell, The ACTwatch Group
Population Services International, Washington, DC, United States

In 2012, the WHO launched the Test, Treat, Track initiative recommending 
confirmatory testing prior to antimalarial treatment. National malaria 
control programs (NMCP) across sub-Saharan Africa (SSA) subsequently 
aligned national guidelines with this recommendation. Strategies to scale 
up testing using malaria rapid diagnostic tests (mRDT) were introduced 
by NMCPs. We use multi-country outlet survey data collected between 
2009-2014 by ACTwatch to describe mRDT markets in Benin, the DRC, 
Kenya, Madagascar, Nigeria, Tanzania, Uganda and Zambia. A census of 
outlets with potential to distribute antimalarials was conducted among a 
representative sample of administrative units. In addition to an antimalarial 
audit, information was captured for malaria microscopy and all mRDTs 
in stock including retail price and amount distributed in the past week. 
The private sector distributes the majority of antimalarials in all project 
countries except Zambia. Although modest improvements in mRDT 
availability have occurred, testing availability among antimalarial-stocking 
private sector outlets remains low, ranging from 4% in Madagascar 
to 25% in Uganda. Subsequently, while majority of antimalarials are 

distributed by the private sector, the public sector provides the majority 
of testing. The price of an mRDT among private sector outlets is generally 
higher than the price of a pediatric pre-packaged quality-assured 
artemisinin combination therapy (QAACT). However, the private sector 
price of an mRDT is generally lower than the price for one QAACT adult 
equivalent treatment dose. Confirmatory testing prior to antimalarial 
treatment is currently limited across high burden countries in SSA due to 
limited availability at the private sector outlets where most antimalarials 
are distributed. Where mRDTs are available, financial incentive to test 
before treating with QAACT is apparent with respect to adult testing and 
treatment. There is generally no such incentive to test young children 
before QAACT treatment. Implications for policies and strategies to 
implement WHO and national guidelines on confirmatory malaria testing 
will be discussed.

1525
SUSCEPTIBILITY OF DIFFERENT STRAINS OF MICE TO 
LIVER-STAGE INFECTION WITH PLASMODIUM BERGHEI 
SPOROZOITES BY USING IN VIVO IMAGING SYSTEM

Qigui Li, Lisa Xie, Diana Caridha, Qiang Zeng, Norma Roncal, Jing 
Zhang, Ping Zhang, Lisa T. Read
Walter Reed Army Institute of Research, Silver Spring, MD, United States

The liver stages of Plasmodium parasites are important targets for the 
discovery and development of prophylactic drugs. A sensitive and useful 
mouse model with an in vivo imaging system (IVIS) to monitor the liver 
stage was established. The transgenic P. berghei parasite expressing 
the bioluminescent reporter protein luciferase was utilized to visualize 
and quantify parasite development in BALB/c, C57BL/6, C57BL/6 albino, 
C3H, and ICR mice. These inbred strains of mice were tested to study the 
differences in susceptibility to P. berghei hepatic infections previously 
monitored with the liver resection methods. As an additional endpoint, 
blood stage parasitemia was monitored by flow cytometry. A real-time 
IVIS instrument determined the exposure level of luminescence measured 
from luciferase expressing of sporozoites through development in the 
hepatocyte and assessed through liver, peritoneum, skin, and hair 
coat. The luminescence values (photon counts/min) measured from 
the anatomical liver location in untreated mice infected with 10,000 P. 
berghei sporozoites at 24 hours post inoculation were 8.15 x 105 for 
C57BL/6 albino, 2.12 x 105 for C3H, 0.91 x 105 for C57BL/6 WT, 0.58 x 105 
for BALB/c, and 0.08 x 105 for ICR. The high grow-up rate of sporozoites 
in hepatocytes was also found in C57BL/6 albino, C57BL/6 WT, and C3H 
mice, and low rate was shown in BALB/c and ICR mice. In addition, similar 
to previous studies, the susceptibility of female mice to liver-stage infection 
is higher than that of male mice. In summary, this data supported the 
use of highly susceptible mouse strains (C57BL/6 albino, C57BL/6 WT, 
and C3H) at the WRAIR to study Plasmodium hepatic infection by IVIS 
monitoring. The study indicates that by using IVIS, the C57BL/6 albino, 
C57BL/6 WT, and C3H mice infected with P. berghei sporozoites are 
preferable for investigating the discovery and development of prophylactic 
antimalarial drugs.

1526
NICOTINAMIDE ENHANCES ANTIMALARIAL EFFECTS OF 
CHLOROQUINE, PYRIMETHAMINE AND ARTEMISININ IN 
VITRO

Sergey O. Tcherniuk*, Olga Chesnokov*, Irina V. Oleinikov, 
Andrew V. Oleinikov
Charles E. Schmidt College of Medicine, Department of Biomedical 
Science, Florida Atlantic University, Boca Raton, FL, United States

Malaria is a dangerous infectious disease of humans and other 
animals caused by protozoan microorganisms belonging to the genus 
Plasmodium. The malarial parasite causes different symptoms including 
fever, fatigue, vomiting, headaches, yellow skin, seizures and even death. 
Plasmodium falciparum represents the most virulent form of human 
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malaria, causing about a half million deaths per year. Despite the attempts 
to develop various antimalarial vaccines, chemotherapy is still a major 
approach of malaria prevention and treatment. Systematic use of common 
antimalarial drugs together with the high genetic variability of the 
malaria parasite leads to the appearance of resistant Plasmodium strains. 
Therefore, identification and development of new antimalarial compounds 
and treatments remains an important problem of malarial parasitology. 
Nicotinamide (vitamin B3) is a water soluble amide derivative of nicotinic 
acid, which has been used at high doses for a variety of therapeutic 
applications. It has been demonstrated earlier that nicotinamide inhibits P. 
falciparum growth. However, its antimalarial effect, in combination with 
other antimarial drugs, has not been described to our knowledge. In this 
work, we analysed the antimalarial effects of nicotinamide in combinations 
with chloroquine, pyrimethamine and artemisinin on the blood stages of 
P. falciparum. Our results demonstrate that combinations of nicotinamide 
with chloroquine, pyrimethamine or artemisinin lead to synergetic 
antimalarial effects in vitro and significantly enhance the anti-parasite 
potential of these drugs. Moreover, treatment of uninfected red blood cells 
with high dose of nicotinamide (20 mM) does not provoke LDH release, 
demonstrating its non-toxicity for erythrocytes. These results suggest that 
nicotinamide might be useful not only as a vitamin supplement but also 
as a strong enhancer of the anti-parasitic effect of common antimalarial 
drugs, including chloroquine, pyrimethamine and artemisinin. *Equal 
contributions

1527
DEVELOPMENT OF ANTIMALARIALS WITH SERCAP PROFILE 
FROM DOS DERIVED COMPOUNDS

Eamon Comer1, Nobutaka Kato1, Jessica Bastien1, Timothy Lewis1, 
Morgane Sayes1, Tomoyo Sakata-Kato2, Amanda Lukens2, Sean 
Eckley3, Fabian Gusovsky3, Jeremy Duvall1, Marshall Morningstar1, 
Dyann Wirth2, Christina Scherer1, Stuart Schreiber1

1The Broad Institute, Cambridge, MA, United States, 2Harvard School of 
Public Health, Boston, MA, United States, 3Eisai Inc., Andover, MA, United 
States

Despite increased efforts in the last decade, the antimalarial drug 
discovery and development pipeline still lacks compounds with non-
erythrocyte stage activity and target diversity. We previously performed 
a high throughput screen (HTS) on approximately 100,000 diverse 
small molecules from the Broad Institute’s Diversity Oriented Synthesis 
compound collection which contains unique core structures more likely 
to have novel antimalarial mechanisms of action. The present study 
describes the discovery and optimization of a novel series from our 
HTS study displaying potent activity against a panel of clinical strains 
harboring resistance to known antimalarial drugs as well as agents in 
clinical development. The compound series inhibits phenylalanine t-RNA 
synthetase activity, a novel molecular target, and shows robust in vivo 
efficacy in erythrocytic, hepatic and sexual stages with a single dose. We 
also present extensive pharmacokinetic and preclinical safety data that 
supports the progression of this novel antimalarial agent towards clinical 
development to treat malaria.

1528
DIFFERENTIAL KINETIC PROFILES AND METABOLISM OF 
PRIMAQUINE ENANTIOMERS BY HUMAN HEPATOCYTES

Pius S. Fasinu1, Bharathi Avula1, Babu L. Tekwani2, Dhammika 
Nanayakkara1, Yan-Hong Wang1, Bandera Herath1, Narayan 
Chaurasiya1, Ikhlas Khan2, Mahmoud ElSohly3, Shabana Khan2, 
Larry Walker2

1National Center for Natural Products Research, School of Pharmacy, 
University of Mississippi, University, MS, United States, 2National Center 
for Natural Products Research; and Department of Biomolecular Sciences, 
School of Pharmacy, University of Mississippi, University, MS, United 
States, 3National Center for Natural Products Research; and Department of 
Pharmaceutical Sciences and Drug Delivery, School of Pharmacy, University 
of Mississippi, University MS; and ElSohly Laboratories, Oxford, MS, United 
States

The clinical utility of primaquine (PQ), which is used as a racemic mixture 
of two enantiomers, is limited due to metabolism-linked hemolytic toxicity 
in G6PD deficient individuals. The current study aimed to investigate 
differential metabolism of the enantiomers in light of the suggestions that 
toxicity and efficacy might be largely enantioselective. Using cryopreserved 
human hepatocytes, 13C-labeled (+)-, (-)- and (±)-PQ were separately 
incubated. Substrate depletion and metabolite production were monitored 
via UHPLC-MS/MS. The initial half-life was 217 and 65 min for (+)- and (-)-
PQ; with an elimination rate constants (ʎ) of 0.19 and 0.64 h-1 respectively. 
The in vitro intrinsic clearance was 2.55 and 8.49 (µL/min)/million cells 
which when upscaled in vivo yielded 6.49 and 21.6 (mL/min)/kg body 
mass respectively for (+)- and (-)-PQ. Extrapolation to in vivo human 
hepatic clearance was performed using the well-stirred liver model. The 
rate of hepatic clearance of (+)-PQ was only 45% that of (-)-PQ. Two major 
primary routes of metabolism were observed as earlier reported: oxidative 
deamination of the side chain terminal amine; and hydroxylations on the 
quinoline moiety. The major deaminated metabolite, carboxyprimaquine 
(cPQ), a putative PQ terminal alcohol (m/z 261), a cyclized side chain 
derivative from the aldehyde (m/z 241), cyclized carboxylic acid derivative 
(m/z 257), a quinone-imine product of hydroxylated cPQ (m/z 289), cPQ 
glucuronide (m/z 451), and the glucuronide of PQ alcohol (m/z 437) were 
preferentially generated from the (-)-PQ. The major quinoline oxidation 
product (m/z 274) was preferentially generated from (+)-PQ. A prominent 
conjugate (m/z 422) (seemingly a glycosylated PQ, but still under 
investigation) was preferentially generated by (+)-PQ. An accumulating 
metabolite (m/z 480) thought to be a carbamoyl glucuronide of PQ was 
exclusively generated from (+)-PQ. In the light of the desire to establish 
clinical differences in PQ enantiomers, these current findings may provide 
important information that may lead to clearer understanding of PQ-
induced hemolysis and possible enantioselective safety.

1529
NITRIC OXIDE DONOR DIHYDROARTEMISININ DERIVATIVES 
AS MULTITARGET AGENTS FOR THE TREATMENT OF 
CEREBRAL MALARIA

Massimo Bertinaria1, Pamela Orjuela-Sanchez2, Elisabetta Marini1, 
Anthony Hofer2, Stefano Guglielmo1, Graziela M. Zanini3, John 
Frangos2, Roberta Fruttero1, Alberto Gasco1, Leonardo J. 
Carvalho3

1Universita di Torino, Torino, Italy, 2La Jolla Bioengineering Institute, La 
Jolla, CA, United States, 3Fundacao Oswaldo Cruz, Rio de Janeiro, Brazil

A series of hybrid products in which the dihydroartemisinin scaffold 
is combined with NO-donor furoxan and NONOate moieties were 
designed, synthesized and studied as potential tools for the treatment 
of experimental cerebral malaria (ECM) in C57BL/6 mice infected with 
Plasmodium berghei ANKA. Five synthesized products were able to dilate 
rat aorta strips precontracted with phenylephrine with a NO-dependent 
mechanism. All hybrid compounds showed preserved antiplasmodial 
activity in vitro and in vivo against Plasmodium berghei ANKA, 
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comparable to artesunate. Compound 8, selected for additional studies, 
was capable of increasing survival of mice with late-stage ECM from 
33.3% to 63.6% compared with artemether. Artemisinin-NO-donor hybrid 
compounds show promise as potential new drugs for treating cerebral 
malaria.

1530
DIFFERENTIAL DECAY OF ANTIMALARIAL ACTIVITY OF 
ARTEMISININ AND ITS DERIVATIVES WHEN INCUBATED IN 
PHYSIOLOGICALLY RELEVANT CONDITIONS

Silvia Parapini1, Donatella Taramelli1, Piero Olliaro2, Nicoletta 
Basilico1

1University of Milan, Milan, Italy, 2UNICEF/UNDP/World Bank/World Health 
Organization Special Programme on Research and Training in Tropical 
Diseases, World Health Organization, Geneva, Switzerland

Artemisinins are peroxidic antimalarial drugs which are known to be 
very potent, yet chemically highly unstable: they degrade quickly in the 
presence of ferrous iron, Fe(II)-heme or biological reductans. Less known 
is how their chemical decay relates to antimalarial activity. We incubated 
dihydroartemisinin (DHA) and artemisinin (ART) in a range of conditions 
relevant to both treated patients and in-vitro assays (PBS, plasma or 
erythrocytes lysate for different durations and pHs) and measured their 
residual activity on P. falciparum in vitro using the pLDH method. 
Chloroquine was also used to verify if drug instability was related to the 
presence of the endoperoxide. A significant reduction of the antimalarial 
activity of DHA was observed after incubation in plasma or serum, and 
to a lesser extent in erythrocytes lysate or PBS. ART showed a different 
behavior: its antimalarial activity was significantly reduced by incubation 
with erythrocytes lysate but was minimally affected by PBS, plasma or 
serum. Moreover, the serum-enriched medium (10% human serum or 
10% albumax) customarily used for in vitro cultures also affected DHA, 
and to a lesser extent, ART efficacy. Decreasing pH from 7.6 to 7.2 led 
to a decrease in artemisinins degradation and this increased activity. The 
presence of reductans such as ascorbic acid or N-acetylcysteine in the 
erythrocytes lysate strongly reduced artemisinins activity and CO binding 
to Fe(II)-heme conferred partial protection. Adding ascorbic acid to plasma 
had no effect on artemisinins activity. Chloroquine was unaffected in any 
of the tested in vitro conditions. Biological results correlated well with 
chemical degradation quantified as degradation rate constant. These 
results suggest that instability is likely due to the endoperoxide, but C10 
substitutions can further modulate the stability of the molecules. Particular 
care should to be taken in conducting and interpreting in vitro studies, 
and in storing these compounds. Moreover, conditions such as hemolysis 
or acidosis associated with malaria severity may contribute to artemisinins 
instability and reduce its effectiveness.

1531
LEAD CANDIDATE SELECTION OF BROAD-SPECTRUM 
ANTIMALARIAL ACRIDONES

Jane X. Kelly1, Rosie Dodean1, Christina Nolan2, Yuexin Li1, Qiqui 
Li2, Sean Marcsisin2, Paul Olmeda2, Thulan Long2, Heather Gaona2, 
Diana Caridha2, Lisa Xie2, Norma Roncal2, Brittney Potter2, Isaac 
Forquer1, Rolf Winter1, Dave Hinrichs1, Stephanie Huezo3, Roland 
Cooper3, Mike Riscoe1, Lisa Read2

1Portland Veterans Affairs Medical Center, Portland, OR, United States, 
2Walter Reed Army Institute of Research, Silver Spring, MD, United States, 
3Dominican University of California, San Rafael, CA, United States

We have previously reported the discovery of a novel antimalarial acridone 
chemotype that displays efficacy against sporozoite-induced Plasmodium 
infection in addition to efficacy against blood stage parasites. We have 
been successful in producing extremely potent new lead candidates with 
pico molar IC50 values against MDR resistant parasites, as well as full 

protection of liver stage infection at comparable dosage with primaquine. 
Details of the design, chemistry, structure-activity relationships (SAR), 
safety, metabolic studies, and mechanism of action will be presented.

1532
PROVEBLUE (METHYLENE BLUE): A PROMISING 
ANTIMALARIAL DRUG

Bruno Pradines1, Jérôme Dormoi1, Marylin Madamet1, Bécaye 
Fall2, Rémy Amalvict1

1Institut de Recherche Biomédicale des Armées, Brétigny sur Orge, France, 
2Hôpital Principal de Dakar, Dakar, Senegal

In 2011, the World Health Organization recommended artesunate as the 
first-line treatment for severe malaria. In recent years, several studies have 
reported clinical failures or at least extended parasite clearance times in 
Asia. There is an urgent need to discover partners for combination with 
artemisinin derivatives. Proveblue (PVB) (international patent no. PCT/
FR/2007/001193), which is a methylene blue preparation that complies 
with the European Pharmacopoeia and contains limited organic impurities 
and heavy metals of recognized toxicity, was demonstrated to possess 
in vitro antimalarial activity (at a geometric mean 50% inhibitory 
concentration [IC50] of 3.62 nM) against 23 Plasmodium falciparum 
strains that were resistant to various other antimalarials. The IC50 for PVB 
ranged from 0.88 nM to 40.2 nM with a mean of 5.3 nM in Senegalese 
isolates collected from November 2013 to January 2014 at the Hôpital 
Principal de Dakar. PVB exhibited noticeable in vitro synergistic effects 
in combination with mefloquine and quinine and high synergistic effects 
associated with dihydroartemisinin, the active metabolite of artemisinin 
derivatives. Treatment with 1 to 10 mg/kg of weight of PVB for five 
days significantly reduced or prevented cerebral malaria in mice. PVB 
demonstrated high efficacy in cerebral malaria in comparison with 
dihydroartemisinin or quinine. These results confirm the therapeutic 
potential of Proveblue, which could be integrated into the pipeline of new 
antimalarial combination therapies.

1533
RESISTANCE SELECTION APPROACH TO IDENTIFY AND 
VALIDATE TARGETS FOR ANTIMALARIAL DRUG DISCOVERY

Pamela Magistrado1, Tomoyo Sakata-Kato1, Amanda K. Lukens2, 
Victoria C. Corey3, Maria Linares Gomez4, Francisco-Javier Gamo4, 
Elizabeth A. Winzeler3, Dyann F. Wirth1

1Harvard T. H. Chan School of Public Health, Boston, MA, United States, 
2The Broad Institute, Cambridge, MA, United States, 3University of 
California San Diego School of Medicine, La Jolla, CA, United States, 
4GlaxoSmithKline, Tres Cantos, Spain

The emergence and spread of drug resistance to current antimalarial 
therapies remains a pressing concern, escalating the need for compounds 
that demonstrate novel modes of action and prevent the development 
of drug-resistance. As part of the Malaria Drug Target Identification 
Project efforts, we have adopted a chemogenomic approach to identify 
the targets of the most prominent compounds from chemically diverse 
libraries. Study compounds were selected based on availability, purity, 
potency in a multi-drug resistant isolate, and lack of known mechanism 
of action towards the mitochondrion or folate biosynthesis. To further 
eliminate overlap with known targets, we performed cross-resistance 
testing against a panel of drug resistant parasite lines with well-
characterized mutations in diverse targets. Here we present studies of two 
molecules: a drug-like compound from the Malaria Box, MMV007564, 
and a probe-like molecule from a Diversity Oriented Synthesis library, 
BRD3842. In vitro resistant lines were generated by single-step selection 
and whole genome sequencing employed to identify genetic variants 
contributing to the resistance phenotype. Novel variants were identified 
in the Pf cyclic-amine resistance locus (PfCARL) (MMV007564), and the 
phosphatidylinositol-4-OH kinase (PI(4)K) (BRD3842), both of which have 
been previously implicated in the mechanism of action for compounds 
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chemically distinct from those in this study. These results demonstrate 
that multiple chemical classes are able to inhibit common parasite targets 
and suggest that there are a limited number of pathways in the parasite 
susceptible to inhibition and/or that contribute to drug-resistance. 
Drug-development strategies that counteract these common escape 
mechanisms may therefore become invaluable in extending the usable 
lifetime of future therapies.

1534
TARGETING FREP1 TO BLOCK MALARIA TRANSMISSION 
THROUGH SMALL MOLECULES

Guodong Niu, Genwei Zhang, Jarrod B. King, Robert H. 
Cichewicz, Jun Li
The University of Oklahoma, Norman, OK, United States

Inhibiting Plasmodium development in mosquitoes will block malaria 
transmission. Fibrinogen-related protein 1 (FREP1) has been demonstrated 
to be critical for parasite infection in mosquitoes. Here, we further 
determined that FREP1 protein binds P. falciparum-infected red blood 
cells (iRBCs) and ookinetes. We propose that small molecules disrupting 
the interaction between FREP1 and Plasmodium will prevent parasites 
from infecting mosquitoes. To test this hypothesis, we developed an 
ELISA-based method to screen a fungal extract library, and obtained one 
candidate fungal extract (Chapel SA-3) that inhibited about 98% of the 
FREP1-Plasmodium interaction. The inhibition was further confirmed by 
indirect immunofluorescence assays (IFA). We also verified the inhibition 
specificity between FREP1 and Plasmodium. Notably, feeding Chapel SA-3 
to mosquitoes significantly inhibits P. falciparum infection in midgut. The 
candidate fungal extract does not affect the development of P. falciparum 
gametocytes or ookinetes. Therefore, we conclude that disruption of the 
interaction between FRPE1 and Plasmodium effectively reduces malaria 
infection in mosquitoes. Targeting FREP1 with fungal small molecules is 
thus an effective novel approach to block malaria transmission.

1535
HUMAN PATHWAYS FOR METABOLISM OF PRIMAQUINE: 
IMPLICATIONS IN TOXICITY AND EFFICACY OF 
8-AMINOQUINOLINE ANTIMALARIALS

Babu L. Tekwani1, Bharathi Avula1, NP. Dhammika Nanayakkara1, 
Narayan D. Chaurasiya1, Pius Fasinu1, HMT Bandara Herath1, 
Shabana I. Khan1, Ikhlas A. Khan1, Mahmoud A. ElSohly1, Brandon 
S. Pybus2, Jason C. Sousa2, Sean R. Marcsisin2, Gregory A. 
Reichard2, James D. McChesney3, Larry A. Walker1

1University of Mississippi, University, MS, United States, 2Walter Reed 
Army Institute of Research, Silver Spring, MD, United States, 3Ironstone 
Separations, Inc, Eta, MS, United States

Primaquine (PQ), an 8-aminoquinoline, is the drug of choice for the radical 
cure of Plasmodium vivax malaria and utility for prevention of malaria 
transmission. Efficacy and hemolytic toxicity of PQ have been attributed to 
the metabolites. Reactive nature and low quantities pose major challenge 
for identification and quantification of these metabolites in clinical and 
experimental studies. We have recently addressed this challenge with 
application of PQ labeled with 13C-stable isotope and analysis of the 
metabolites with UPLC integrated with QTOF-MS. Chemical synthesis of 
key metabolites have provided necessary standards for confirmation of 
structures and quantification. Comprehensive experimental and clinical 
studies with primary human hepatocytes, the recombinant human 
enzymes (CYPs and amine oxidases) and healthy human volunteers along 
with use of specific enzyme inhibitors have been useful in phenotyping 
of key PQ metabolites and their relative quantification. The results have 
been utilized for prediction of pathways for metabolism of PQ. Human 
metabolism of PQ follows two distinct pathways. The major pathway 
is initiated by oxidative deamination of PQ by monoamine oxidase B to 
carboxy PQ. Carboxy PQ is further metabolized through CYP mediated 
pathways and phase II metabolism generating reactive quinoneimine 

metabolites and glucuronide conjugates. This pathway determines 
characteristic pharmacokinetic and pharmacodynamic properties of PQ. 
Another pathway mediated through CYPs (predominantly CYP2D6) 
generates multiple mono hydroxylated metabolites. CYP2D6 mediated 
oxidation of PQ occurs at different positions on the quinoline ring. An 
orthoquinone product of a hydroxyl product 5-OH-PQ was identified as 
the major CYP2D6 metabolite, a likely marker for the 5-hydroxylation 
pathway. Pharmacological studies suggest 5-OHPQ as highly reactive 
and may be responsible for the efficacy/toxicity of PQ. Direct metabolism 
of PQ through phase II glucuronide conjugation and excretion in urine 
was also observed. Critical analyses of these pathways have helped in 
understanding the mechanism of efficacy and toxicity of PQ

1536
A PROTOCOL TO EVALUATE THE EFFECTIVENESS 
AND FEASIBILITY OF REACTIVE TARGETED PARASITE 
ELIMINATION (TPE) TO REACTIVE CASE DETECTION (RACD) 
AS A COMMUNITY LEVEL INTERVENTION IN SWAZILAND

Bongani A. Dlamini1, Mi-suk Dufour2, Nomcebo Mkhonta3, 
Calisile Malambe3, Gugu Mphalala4, Nyasatu Ntshalintshali1, 
Danica Helb5, Bryan Greenhouse6, Kimberly Batzell7, Hugh 
Starrock5, Grant Dorsey7, Deepika Kandula8, Justine M. Cohen8, 
Arnaud LeMenach8, Roly Gosling5, Simon Kunene3, Michelle 
Hsiang5

1Clinton Health Access Initiative, Mbabane, Swaziland, 2University of 
California San Francisco, San Francisco, CA, United States, 3National 
Malaria Control Programme, Manzini, Swaziland, 4Swaziland National 
Clinical Laboratory Services, Mbabane, Swaziland, 5Malaria Elimination 
Initiative, Global Health Group, University of California San Francisco, 
San Francisco, CA, United States, 6Department of Medicine, University of 
California San Francisco, San Francisco, CA, United States, 7Department 
of Family Health Care Nursing, University of California San Francisco, San 
Francisco, CA, United States, 8Clinton Health Access Initiative, Boston, MA, 
United States

Reactive case detection (RACD), which is testing and treatment of 
individuals residing near passively detected index cases, is recommended 
for malaria elimination yet some available diagnostics have limited 
sensitivity and there are logistical challenges including cost. Treatment 
without testing or targeted parasite elimination (TPE) may be a more 
effective and feasible approach for reducing and interrupting transmission. 
As an operational research study embedded into malaria program 
activities, we plan a cluster-randomised control study design trial to 
evaluate reactive-TPE in the low transmission setting of Swaziland. 
The primary aim is to compare the impact of reactive TPE versus RACD 
on malaria incidence, with a hypothesis that TPE will result in lower 
cumulative malaria incidence. A total of 58 high risk localities or clusters 
will be included in the trial (population 124,737) and randomized to 
either TPE or RACD. Over 2 years, individuals residing within a radius of 
200 m from an index case will be targeted for either RACD or TPE within 
1 week of index case presentation. Incidence will be measured using 
passive surveillance with subsequent household follow up to identify 
which cluster the index case resides in. The study is powered to detect 
a difference in cumulative incidence of 1.1/1000 in the TPE arm versus 
2.2/1000 in the RACD arm observed in 3 previous malaria seasons in 
RACD study area. Secondary outcome measures of effectiveness will 
include: seroprevalence and prevalence (in a cross sectional survey at the 
end of the study), proportion of imported incident cases, and transmission 
potential (utilizing genotypes). Secondary outcome measures of feasibility 
will include: coverage, adherence, serious adverse events, acceptability, 
and cost-effectiveness. Findings will inform malaria elimination strategies 
for Swaziland and other countries pursuing malaria elimination.
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1537
SEASONAL VARIATION IN ACCESSING BIOMEDICAL 
HEALTHCARE FACILITIES IN AN AREA OF LOW MALARIA 
TRANSMISSION IN RURAL ZAMBIA: POTENTIAL IMPACT ON 
MALARIA ELIMINATION PROGRAMS THAT USE REACTIVE 
CASE FINDING

Lynne Lohfeld1, Jailos Lubinda2, Timothy Shields3, Southern 
Africa ICEMR Group
1McMaster University, Hamilton, ON, Canada, 2Macha Research Trust, 
Macha, Zambia, 3Johns Hopkins University, Baltimore, MD, United States

Many malaria elimination programs use reactive case finding or diagnose 
and treat malaria in symptomatic patients presenting at a biomedical 
healthcare facility and then track asymptomatic cases living in the vicinity 
of an index case. The premise behind these programs is they are less 
expensive than communitywide mass diagnosis and treatment campaigns. 
However, if symptomatic patients are unwilling or unable to travel to a 
biomedical facility for the initial diagnosis, the program cannot effectively 
cut transmission due to missed pockets of asymptomatic carriers. 
Anecdotal evidence indicates that in the low-transmission area of Macha, 
Choma District, Southern Province, Zambia, people are less able to reach 
a government health center or regional hospital during the heavy rainy 
season, which coincides with the period of highest malaria transmission. 
We tested this hypothesis through transforming interview data on all 
pathways and routes used in the dry and rainy seasons to reach local 
healthcare providers (biomedical and traditional) in four villages into GPS 
coordinates and maps. Additional information on the highest level of 
use (footpath, bicycle, motorcycle, oxcart or car/truck), and average time 
needed to reach providers was used to calculate signficant differences in 
access to biomedical resources providing malaria diagnosis and treatment. 
Results can help identify communities where environmental factors serve 
as barriers to accessing a government-run malaria elimination program in 
an area of very low transmission.

1538
NEW INFECTION DETECTION TESTS TO ENABLE 
IDENTIFICATION OF LOW DENSITY INFECTIONS: THE ACCESS 
FRAMEWORK

Jenny Richards1, Robert Burton1, Katherine Imus Misiuda1, 
Kendall Magnuson1, Smita Das1, Ihn Kyung Jang1, Bhavya Gowda2, 
Rebecca Barney1, Paul LaBarre1

1PATH, Seattle, WA, United States, 2PATH, Washington, DC, United States

As malaria prevalence declines due to successful malaria control programs, 
more sensitive diagnostic tests are need to identify an increasing number 
of low-density infections that contribute to the infectious reservoir. PATH’s 
Diagnostics for Malaria Elimination towards Eradication (DIAMETER) team 
is committed to enabling access to the most appropriate diagnostic tools 
to support malaria elimination, bridging the gap between rapidly evolving 
elimination tactics and diagnostic capabilities. As the managing partner 
for the Bill & Melinda Gates Foundation-funded Infection Detection Test 
(IDT) Development Initiative, the DIAMETER team is working to create 
a high quality, low cost, easy to use, and highly sensitive Plasmodium 
falciparum (Pf)-specific HRP2 IDT capable of identifying low density 
Pf infections that current rapid diagnostic test cannot detect. In this 
poster, we will review progress on the IDT’s development and outline 
next stages in the product development value chain, focusing on the 
transition from technical feasibility phase to operational feasibility and 
product development. We will identify remaining questions and propose 
a plan to resolve these while advancing the IDT toward commercialization 
and impact. Finally, we will review remaining challenges and outline key 
elements of the access framework including manufacturing, forecasting, 
procurement, distribution, delivery, and governance. Included in this 

review are: results from prototype IDT evaluation; an update on regulatory 
pathways; an assessment of HRP2 issues that impact standard selection; a 
revised market assessment; and an updated target product profile.

1539
PRIVATE SECTOR SURVEILLANCE AND RESPONSE: LESSONS 
FROM WESTERN CAMBODIA

Soy Ty Kheang
University Research Co., LLC, Bethesda, MD, United States

Tracking data on malaria cases treated by Cambodian public health 
facilities (HFs) and village malaria workers (VMWs) is part of routine 
surveillance. However, patients who first present to private providers 
remain largely untracked and unreported, limiting effective planning 
and monitoring of national malaria control efforts. Data from a national 
health survey suggests 75% of recipients prefer seeking treatment from 
the private sector due to perceptions of prompter service and constant 
availability. The National Strategy for Public and Private Mix (PPM) directs 
private providers in endemic areas where no drug resistance has been 
documented (zone 2) to provide early diagnosis and treatment. However, 
private providers in areas where drug resistance has been documented 
(zone 1) can test, but must refer cases to a public HF or VMW. Private 
providers must report all suspected malaria cases (diagnosed, treated or 
referred) to the national malaria information system. Private providers 
taking part in PPM gain access to supplies available at local HFs. The 
Control and Prevention of Malaria (CAP-Malaria) Project strengthens 
linkages between public and private providers and improves the quality of 
care provided by the private sector. The project works with 167 registered 
private providers in 3 operational districts (ODs) in Western Cambodia, 
engaging them in public sector response. In 2014, 114 suspected malaria 
patients in zone 1 were referred from 56 private providers to HFs and 
VMWs. 102, (89%) reached the designated service points; of those, 93 
patients (91%) were diagnosed with malaria. In Sampov Meas (zone 2), 
2,733 suspected patients were tested and 1,574 were found malaria 
positive and treated by private providers while 2,852 were tested and 
1,112 found positive at public HFs. In comparison, 39%, 27% and 34% 
of malaria cases in Sampov Meas were managed by private providers, 
public HFs and VMWs, respectively. Recognizing the strong role of the 
private sector, CAP-Malaria, with the provincial health department and 
ODs, engaged private sector partners in a campaign for intensive health 
education, net distribution, and active case detection.

1540
INCREASING ACCESSIBILITY OF MALARIA SERVICES AMONG 
CROSS-BORDER POPULATIONS IN THE GREATER MEKONG 
SUB-REGION

Soy Ty Kheang
University Research Co., LLC, Bethesda, MD, United States

While malaria morbidity and mortality have declined significantly in the 
Greater Mekong Sub-region countries, the emergence and spread of 
artemisinin-resistant malaria (ARM) in border areas has raised alarm. A 
potential source of transmission and a cause of the spread of resistant 
parasites in the region is population mobility. Cross-border workers often 
have limited knowledge of malaria risk, making them highly vulnerable 
to malaria. Because many are unfamiliar with the local health services, 
they may not seek services and thus remain untreated and unknown by 
health authorities, inadvertently carrying the parasite from one country 
to another. To improve accessibility of malaria services by cross-border 
populations in the GMS countries, the Control and Prevention of Malaria 
Project (CAP-Malaria) is engaging local authorities along the borders 
between Cambodia, Thailand, and Myanmar through a Twin-Cities 
approach that aims to increase coordination of activities and contain the 
spread of ARM. With the project’s support, Twin-Cities working groups 
were established in four pairs of cities located across a border, engaging 
representatives from the district level, from health facilities, and from 
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among community-based malaria workers. The working groups meet on 
a quarterly basis to share data on malaria, discuss and develop joint work 
plans, and monitor implementation of activities. The groups also conduct 
exchange visits and maintain a map of health service delivery points along 
the border areas to facilitate access to services. Health providers in the 
area take advantage of bilingual malaria control materials developed by 
the CAP-Malaria Project. Preliminary observations suggest that the Twin-
cities approach improves awareness of malaria among mobile and migrant 
populations, facilitates their access to malaria services, and promotes a 
supportive environment for quality services. It also holds the potential for 
improved coordination at the local level, coordination that is critical should 
the spread of ARM be contained.

1541
ENGAGING THE PRIVATE SECTOR IN MALARIA 
SURVEILLANCE: A REVIEW OF STRATEGIES AND 
RECOMMENDATIONS FOR ELIMINATION SETTINGS

Anton Lorenzo Villacorte Avancena
University of California San Francisco, San Francisco, CA, United States

In malaria elimination settings, all malaria cases must be identified, 
documented, and investigated. To facilitate complete and timely reporting 
of all malaria cases and effective case management, engagement 
with private providers is essential, particularly in settings where the 
private sector is a major source of healthcare. Research on the role and 
performance of the private sector in malaria case management and 
reporting is limited. Moreover, effective strategies for private sector 
engagement in malaria diagnosis, treatment, and reporting in elimination 
settings remain unclear. A purposive sample of 21 key informant experts 
in malaria elimination, surveillance, and private sector engagement were 
interviewed. An extensive review of grey and published literature on 
malaria surveillance and private sector engagement in malaria testing, 
treatment, and reporting was also conducted. Additional literature 
research was conducted for six country case studies on eliminating 
(Swaziland and Vietnam) and neighboring, non-eliminating settings 
(Cambodia, Mozambique, Myanmar, and Zambia). The private sector is a 
diverse and often unaffiliated group of providers that can be categorized 
based on their profit or business model (for-profit vs. nonprofit) and their 
regulation status within a country (formal vs. informal). Because the private 
sector varies from country to country, conducting a baseline assessment 
of the private sector is critical to understanding its composition, size, 
geographical distribution and quality of services provided. Facilitating 
reporting, referral, and training linkages between the public and 
private sectors and making malaria a notifiable disease are effective 
strategies to improve private sector involvement in malaria surveillance. 
The private sector can also be organized and better engaged through 
social franchising, effective regulation, professional organizations, and 
government outreach. This review highlights the importance of engaging 
private sector stakeholders early and often in the development of malaria 
elimination strategies.

1542
PREDICTIVE MALARIA RISK MODELING USING AGGREGATE 
CASE DATA FOR IMPROVED INTERVENTION TARGETING IN 
HONDURAS

Darlene Bhavnani1, Bricia Trejo1, Luis M. Perez1, Justin M. 
Cohen1, Arnaud Le Menach1, Engels Banegas2

1Clinton Health Access Initiative, Boston, MA, United States, 2National 
Malaria Control Program Ministry of Health, Tegucigalpa, Honduras

Countries in Central America recently committed to eliminate malaria 
by 2020. Honduras, a low endemic country in the region, plans to reach 
elimination by strengthening surveillance, improving case management, 
and targeting interventions. To help target elimination efforts in Honduras, 
we used national surveillance data reported in aggregate to predict spatial 
patterns of malaria transmission. The numbers of confirmed malaria cases, 

reported by 294 of 298 municipalities between 2003 and 2013, were 
combined with social, demographic, and ecological variables in a Bayesian 
hierarchical model to predict incidence by municipality and year. Incidence 
was predicted because of the potential for underreporting. Predicted 
incidence in 2013 was compared with reported incidence, used to estimate 
the population at risk, and used to evaluate the spatial distribution of 
malaria interventions. Highest risk of malaria was concentrated in the 
Northeast along the border with Nicaragua. In 2013, predicted incidence 
was highest in two of the 294 municipalities, Wampusirpi (32 cases/1000 
persons) and Puerto Lempira (18 cases/1000 persons), in which predicted 
incidence was higher and lower than reported incidence, respectively. 
These two municipalities were expected to account for a third of all 
malaria cases and 0.5% of the total population in Honduras. Higher 
incidence was associated with lower elevation, greater distance to roads 
and rivers, and distribution of long-lasting insecticide treated nets (LLINs). 
In 2013, LLINs were targeted to high-risk municipalities in the Northeast, 
while indoor residual spraying was targeted to low and medium risk 
municipalities in other regions of the country. Focusing interventions, 
improving case management, and implementing active surveillance in 
municipalities at highest risk, may help reduce the burden of malaria in 
Honduras. Predictions based on aggregate case data can be used to direct 
malaria resources. However, these predictions are still coarse in resolution. 
Georeferenced case reports from a strong passive surveillance system could 
be used to target malaria elimination activities even further.

1543
PRELIMINARY RESULTS FROM THE BIOMARKERS FOR 
MALARIA ELIMINATION (BIOME) STUDY

Paul LaBarre, Smita Das, Robert Burton, Ihn Kyung Jang, 
Katherine Imus Misiuda
PATH, Seattle, WA, United States

The Bill & Melinda Gates Foundation Accelerate to Zero strategy aims to 
eradicate malaria swiftly to minimize the negative effects and setbacks 
caused by malaria resurgence and the spread of drug resistance. 
Acceleration will require identifying individuals who harbor and transmit 
low density infections. The proportion of low density infections varies 
inversely with transmission intensity; when a high transmission region 
has a rapid decrease in prevalence, it can become more difficult to detect 
and treat infected individuals. Active infection detection (ID) tactics such 
as mass test and treat, focal test and treat, and reactive ID following an 
index case aim to find and treat low density infections. However, existing 
tools used for detecting clinical malaria lack the sensitivity to detect low 
density infections. Other tools lack the ease of use, affordability, rapid time 
to results, and portability required for large scale field use. To improve 
the efficiency of active ID tactics, new, low cost, portable tools with 
improved limits of detection (LOD) are being developed and are called 
malaria infection detection tests (IDTs). Very limited data exist regarding 
the concentration of target biomarkers and their kinetics over the course 
of a Plasmodium falciparum (Pf) infection. Thus, informed IDT product 
development requires a greater understanding of the fraction of PCR 
positives we can detect with a new IDT at 10x improved LOD, and of the 
relevance of the undetected population to transmission at this LOD. The 
BIOME study is generating clinical data to better characterize the extent 
and relevance of the human Pf reservoir stratified by individual biomarker 
concentrations. This study builds evidence for validation of key target 
product profile performance criteria for an HRP2-based IDT. The focus 
of the study is to generate data to select a LOD for the IDT sufficient 
to interrupt transmission. The study is a comparative evaluation of the 
concentration of DNA, HRP2, total NA, and asexual stage parasites in 
the peripheral blood of individuals with low density infections. Here, we 
present the preliminary results from our Thailand and Uganda cohorts.
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1544
ASSESSING READINESS TO ACCELERATE TOWARDS 
MALARIA ELIMINATION: A COMPARATIVE ANALYSIS OF THE 
DECISION-MAKING ENVIRONMENT IN KENYA, ETHIOPIA, 
SENEGAL AND ZAMBIA

Geoffrey Kirkwood1, Adem Agmas2, Ashley Bennett3, Jeff 
Bernson1, Yakou Dieye4, Duncan Earle5, Asefaw Getachew2, 
Philippe Guinot4, Angela Hartley1, Michael Hainsworth1, Todd 
Jennings5, John Miller5, Abdi Mohamed2, Kammerle Schneider1, 
Kammerle Schneider1, Hailemariam Reda2, Sarah Hamm Rush6, 
Melkamu Tiruneh2

1PATH, Seattle, WA, United States, 2PATH, Addis Ababa, Ethiopia, 3PATH, 
Washington, DC, United States, 4PATH, Dakar, Senegal, 5PATH, Lusaka, 
Zambia, 6Independent Consultant, Seattle, WA, United States

Optimizing national malaria control activities and accelerating towards 
malaria elimination will require a unified critical pathway in which robust 
evidence generation and national policy guidance are complemented 
by appropriate financing, planning and operations, and governance. 
The opinions of national decision makers and implementers in four sub-
Saharan African countries with varying malaria epidemiology, health 
and regulatory systems, and national malaria targets were collected and 
analyzed in order to assess opportunities and barriers to accelerating 
progress along this critical pathway. Attitudes towards the feasibility and 
desirability of national malaria elimination targets were also assessed. 
In each country, Ethiopia, Kenya, Senegal and Zambia, interviewers 
conducted on average 35 semi-structured interviews with stakeholders 
including policymakers, regulators, donors, procurement officials, 
academic researchers, NGO representatives, health care workers, and 
community advocates. Stakeholder responses were qualitatively coded 
and ranked using quantitative indicators including formal power, informal 
influence, knowledge of national malaria targets and support for malaria 
elimination as a national target. Thematic content analysis revealed new 
information about what stakeholders in each country perceive to be the 
strengths and challenges of their national malaria control programs and 
what adjustments are needed along the critical pathway to accelerate 
towards malaria elimination. The need to address population mobility, 
increase private sector engagement and strengthen and expand human 
resources for case management emerged as major themes. Attitudes 
towards the feasibility and desirability of national malaria elimination 
targets, and levels of knowledge and approval of new tools and 
approaches for elimination, varied by country and by organizational and 
individual perspective. In addition, interview responses yielded numerous 
proposals for improving malaria implementation efforts that may merit 
additional consideration by policymakers.

1545
SO YOU SAY YOU WANT ELIMINATION? USING 
COMMUNICATION AND ADVOCACY TO ADVANCE MALARIA 
ELIMINATION IN THE AMERICAS

Marisabel Sanchez, Julie de Carvalho, Ricardo Echalar
Links Media, Rockville, MD, United States

A qualitative assessment of the communication component of National 
Malaria Control Programs (NMCPs) in 11 countries in Latin America 
and the Caribbean was conducted from 2013-2014. The assessment 
surveyed the overall programmatic objectives, existing resources for 
communication, malaria stakeholders, target audiences, ongoing 
communication activities, and gaps. Among the main findings of the 
assessment showed challenges in providing information to decision-
makers to support and sustain efforts, expanding and strengthening 
partnerships beyond the health sector, and reaching special populations 
that have a higher burden of disease including indigenous communities 
and migrant workers. Overall, communication activities were found to be 
focused at the community level with less attention paid to decentralized 

health system professionals, and very few if any activities directed at the 
policy-level. Two examples of the role of effective communication at the 
policy-level include Suriname, which made significant strides against 
malaria from 1995-2015 and is now on the path to elimination with help 
from a National Malaria Board that brings together technical advisors, civil 
society actors, and other government ministries to help guide the policy 
making process. In Brazil, new legislation was passed in 2014 to require 
companies completing infrastructure projects in the Amazon region to 
engage in a series of activities, including social mobilization, to assess 
the impact and mitigate the risk of greater malaria transmission in the 
surrounding area. As more countries in the Americas transition towards 
elimination, malaria communication will have a sizable role to create a 
shared understanding among key decision-makers and malaria partners 
of what it means for countries to be working towards elimination and 
beyond, in terms of funding levels, technical interventions, multi-sectoral 
engagement, and sustained surveillance and reporting requirements. 
Channels and mechanisms that have worked in some countries should be 
explored for use in others, especially at the policy-level to ensure long-term 
commitment.

1546
MASS TESTING AND TREATMENT FOR MALARIA IN 
MODERATE TRANSMISSION AREAS IN AMHARA REGION, 
ETHIOPIA

Callie Scott1, Caterina Guinovart1, Belendia Serda2, Berhane 
Tesfay2, Asnakew Yeshiwondim2, Adem Agmas2, Melkamu Zeleke2, 
Girma Guesses2, Asmamaw Ayenew2, Worku Workie2, Elias 
Zegeye2, Michael Kalnoky1, Ruben Conner1, Rick Steketee1, Belay 
Bezabih3, Asefaw Getachew2

1PATH, Seattle, WA, United States, 2PATH, Addis Ababa, Ethiopia, 3PATH, 
Amhara National Regional State Health Bureau, Ethiopia

In moderate malaria transmission areas, strategies to clear parasites from 
populations are a means to reduce infection and transmission. A malaria 
mass testing and treatment (MTAT) intervention was implemented in six 
intervention villages in Amhara Region, Ethiopia, at the beginning of the 
2014 malaria transmission season. Intervention villages were purposively 
selected and matched with control villages based on the incidence of 
passively detected Plasmodium falciparum (Pf) and mixed malaria during 
the 2013 malaria transmission season. All households in the intervention 
villages were targeted. Participants received a rapid diagnostic test (RDT) 
and RDT-positive individuals received artemether-lumefantrine (Pf, mixed) 
or chloroquine (Plasmodium vivax [Pv]). Of 9,130 households in the 
intervention villages, 7,974 households (87.3%) were visited by 93 field 
teams over a period of three weeks. The average household had 4.4 
individuals and the average number of households visited per day per 
team ranged from 3.7 to 8.5. Of the 35,389 individuals living in the 
households, 30,712 (86.8%) received an RDT. Of these, 47% were <20 
years of age, 67% slept under a mosquito net last night, 52% resided 
in a household that received indoor residual spraying (IRS) in the last 12 
months, and 1% spent ≥1 night away from home in the last month. 
Among tested individuals, 421 (1.4%) were RDT-positive. The prevalence 
of Pf or mixed RDT-positivity was 1.0% (0.7% Pf, 0.3% mixed), ranging 
from 0.1% to 4.6% by village; 58% of Pf or mixed infections had no 
fever or history of fever in the preceding 24 hours. Of individuals with a 
Pf or mixed RDT result, 61% were <20 years of age, 64% slept under a 
mosquito net last night, 44% resided in a household that had received 
IRS in the last 12 months, and 8% spent ≥1 night away from home in 
the last month. Spatial clustering of RDT-positives varied by village. The 
incidence of passively detected, RDT-confirmed malaria cases at the health 
post in each village will be compared before and after the intervention and 
between intervention and control villages to evaluate the impact of the 
MTAT intervention and implementation costs will be estimated.
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EVALUATING THE ANNUAL COSTS OF IMPLEMENTING 
CASE INVESTIGATION TO SUPPORT MALARIA ELIMINATION 
IN SOUTHERN PROVINCE, ZAMBIA: A MICRO-COSTING 
ANALYSIS

Bruce Larson1, Thandiwe Ngoma2, Kafula Silumbe2, Marie-Reine 
Rutagwera2, Busiku Hamainza3, Anna Winters4, John Miller2, Callie 
Scott5
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Zambia, 5PATH, Seattle, WA, United States

The Zambian Ministry of Health and partners are implementing a package 
of interventions and surveillance systems in Southern Province to support 
the national malaria control and elimination agenda. Case investigation 
(CI) is part of this package. With CI, if a malaria case is detected at a health 
facility or in the community, a community health worker (CHW) then visits 
the household of the malaria case and other nearby households, tests all 
individuals using a rapid diagnostic test (RDT), and treats all RDT-positives 
with artemether-lumefantrine. We estimated the cost of implementing CI 
in 173 health facility catchment areas (HFCAs) in ten districts in Southern 
Province during the 2014 calendar year. Primary data on unit costs and 
quantities of various resources used during implementation (e.g. drugs, 
RDTs, other supplies, labor) and key programmatic outputs (number 
tested, number testing positive, number treated) were obtained from 
programmatic records and the health management information system. 
At the HFCA level, average annual costs were estimated at US$2,142. 
Main cost categories include: labor at the HFCA (33%), mobile phone 
talk time for CHWs (15%), equipment (15%), RDTs (13%), artemether-
lumefantrine (5%), and other supplies (19%). On average, 6.7 CHWs 
conducted CI activities in each HFCA (average population 7,432). On 
average, 127 households were visited per HFCA in 2014, 560 individuals 
were tested, and 86 (15%) were RDT-positive and treated. The average 
cost per household visited was $46, per individual tested was $11, and per 
individual testing positive and treated was $232. The estimates reported 
here are preliminary and do not yet include additional costs associated 
with training CHWs on CI implementation and supervision. Costs of 
surveillance and interventions implemented to support malaria control 
and elimination are useful for budgeting, identifying opportunities to 
improve program efficiency, and informing additional analyses on the 
cost-effectiveness and budget impact of different approaches to malaria 
elimination.

1548
DESIGNING A SUFFICIENT SURVEILLANCE SYSTEM 
AGAINST RE-ESTABLISHMENT OF MALARIA IN A SPATIALLY 
CONNECTED MODEL

Philip A. Eckhoff, Caitlin A. Bever, Jaline Gerardin, Milen Nikolov, 
Andre Lin Ouedraogo, Edward A. Wenger
Institute for Disease Modeling, Bellevue, WA, United States

Malaria transmission is spatially heterogeneous, and movement of 
individuals connects locations over local, regional, and global scales. 
Elimination planning must therefore account for this interconnectivity and 
its ability to reintroduce parasites to previously-cleared areas or to stall 
progress at low prevalence. One important component of elimination 
efforts is surveillance systems in areas of low-prevalence and sub-regions 
which have at least temporarily achieved elimination. Robust and timely 
surveillance may allow sufficiently vigorous and rapid response to the 
reintroduction of parasites to prevent re-establishment of malaria in 
cleared areas. Options for this surveillance may include clinic-based 
surveillance, active and passive case detection, mass screening, parasite 
genetics, and immune serology. We implement a spatial simulation model 
for malaria transmission in the EMOD framework across varying spatial 

scales and in varied transmission settings, with interconnectivity through 
human movement and spatially heterogeneous baseline transmission. This 
spatial simulation is then used to demonstrate the operational impact of 
surveillance systems once a sub-region has at least temporarily achieved 
elimination. Areas with different baseline transmission rates, potential 
for transmission following re-introduction, population densities, local 
mosquito populations and feeding behaviors, and primary health care 
coverage require different levels of investment in surveillance systems to 
ensure robust maintenance of elimination.

1549
THE IMPACT OF CLIMATE VARIABILITY ON MALARIA 
INCIDENCE RATES IN LORETO, PERU

Aneela Mousam1, Antonio M. Quispe2, Viviana Maggioni1
1George Mason University, Fairfax, VA, United States, 2Johns Hopkins 
Bloomberg School of Public Health, Baltimore, MD, United States

Despite a decade of reduction (2001-2010), data shows that during 2011-
2014, malaria has increased about 5 folds in Loreto. Past studies indicate 
that climate variables can play a crucial role in malaria transmission. The 
purpose of this work is to understand why certain populated centers 
report a higher parasite incidence rate compared to other ones, and which 
specific climate variable is the most associated with a higher malaria 
incidence. Annual parasite incidence (API) and weekly NASA climate data 
of the 2000-2014 period from the 315 populated centers that serve as 
surveillance reporting units within Peru were analyzed using a generalized 
linear model with a Poisson distribution and a link log. The analysis 
focused on comparing the top 10 percentile in terms of API from the 
whole period as compared to the rest. During the years 2000-2014 Loreto 
reported 539,315 malaria cases, which were mostly due to Plasmodium 
vivax (81%). The average API at the district-level was 51 cases per 1,000 
inhabitants (95% Confidence Interval [95% CI], 41-61). The reporting 
units were located on average at -4.5 degrees of latitude from the Equator 
(range, -8.4− -0.14). The average microclimate was significantly different 
across reporting units (p<0.01) regarding surface temperature (range, 
294.9− 300.8 K), 2 meter above ground temperature (294.9- 300.8 K), 
specific humidity (range, 0.012− 0.019 kg vapor * kg^-1 air), and surface 
pressure (range, 91965-100065 Pa). The API rates are the log odds of 
ranking among the top 10th percentile malaria endemic populated centers 
in Loreto during the years 2000-2014. The API increased with latitude (OR, 
1.11; 95% CI 1.10-1.12) and decreased with surface pressure (OR, 0.99; 
95% CI 0.99-0.99), 2 meter above ground humidity (OR, 2.59*10^-10; 
95% CI, 2.51*10^-13-2.66*10^-7), surface temperature (OR, 0.98; 95% 
CI, 0.97-0.99), and soil moisture (OR, 0.77; 95% interval, 0.59-0.99). The 
observed and regression-estimated API were poorly correlated (Pseudo 
R^2: 5%, p<0.001). Further studies will be conducted on weekly malaria 
incidence rates at each populated center to understand the potential 
impact of microclimate variability.

1550
ACTIVE SURVEILLANCE THROUGH PEER REFERRAL TO 
IDENTIFY POPULATIONS AT HIGHER RISK FOR MALARIA IN 
ZAMBEZI REGION, NAMIBIA

Carmen Cueto, Jerry Jacobson, Jenny Smith, Davis 
Mumbengegwi, Hugh Sturrock, Roly Gosling, Adam Bennett
University of California San Francisco, San Francisco, CA, United States

As malaria transmission declines, infection risk is increasingly clustered in 
individuals or groups of individuals with specific occupations or behaviors. 
Often these individuals will remain uncaptured through passive surveillance 
due to poor health care access or asymptomatic infections. With the goal 
to eliminate malaria by 2020, Namibia faces the challenge of identifying 
these higher risk populations in order to better target interventions. 
Motivated by the novel patient-initiated peer referral approach to identify 
undiagnosed HIV cases, we designed a strategy to screen and interview 
individuals connected through their social networks to malaria cases 
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from February to May of 2015. RDT positive index cases, which served as 
“seeds” to begin the peer referral recruitment chains, were identified at 
6 randomly selected health facilities within Zambezi Region in northern 
Namibia; recruitment was embedded within a concurrent case-control 
study at these health facilities to identify and refine risk factors. All eligible 
cases (15 years and older) were randomly assigned to distribute referral 
coupons within either their social network or their household. Each referral 
in the social network group had to fit the risk criteria of regularly sleeping 
or working outdoors during evening and morning mosquito biting hours. 
Individuals receiving coupons from either group were asked to visit the 
health facility to participate in an interview- assisted survey and provide 
a blood sample for malaria testing via RDT and DBS. Participation was 
tracked to assess the linkage to his or her recruiter. Recruitment and 
return were incentivized with LLINs, travel reimbursement, or mobile 
phone airtime. In this presentation, we discuss the feasibility of this study 
design in a rural setting characterized by transportation barriers as well 
as the challenges of peer centered recruitment during a season with low 
case numbers. We also evaluate the ability of active surveillance through 
peer referral to identify individuals with specific high risk behaviors and 
current infections diagnosed by PCR, through comparison to a concurrent 
household survey.

1551
MODELING THE OPTIMAL INTERVENTION MIX FOR MALARIA 
ELIMINATION IN DIFFERENT SPATIALLY CONNECTED 
TOPOLOGIES

Caitlin A. Bever, Jaline Gerardin, Milen Nikolov, André Lin 
Ouédraogo, Philip A. Eckhoff, Edward A. Wenger
Institute for Disease Modeling, Bellevue, WA, United States

Elimination of malaria is not complicated, in principle, if we have unlimited 
resources at our disposal. In practice, logistical, political, and financial 
constraints couple with the complex etiology of the disease to cloud the 
path forward. While there are many means at our disposal to address the 
issue, it is not clear how to combine them for optimal efficacy, especially 
when we account for the fact that local variation in the characteristics of 
endemic settings may significantly impact the best choice of intervention 
mix. To address this question, we used the EMOD malaria model as 
the basis for a prioritization tool that recommends intervention mixes 
as a function of a region’s current attributes. The results are based on 
simulations of the impact of combining interventions, such as vaccines, 
insecticide treated nets, drug campaigns, and case management, analyzed 
through a context of feasibility: grounded by data and experience, 
what are achievable levels of coverage, what does administration 
cost, and are there implementation synergies that could favor certain 
combinations? Spatial heterogeneity is another important factor in 
planning for elimination, particularly in environments that are susceptible 
to reimportation, and was accounted for by running the simulations across 
spatially connected regions, each of which may be distinct in terms of 
transmission intensity and access to care. While the primary results were 
calculated using simulations of existing intervention standards, e.g., RTS,S 
in the case of vaccines, hypothetical scenarios provide insight into what 
might be achievable if new products become available and suggest how 
elimination strategies might be adapted in response.

1552
SCALE-UP OF CASE INVESTIGATION AND REACTIVE CASE 
DETECTION EVALUATIONS IN THAILAND: RESULTS FROM 
FIVE PROVINCES

Prayuth Sudathip1, Chris Cotter2, Alex Luo3, Adam Bennett2, Roly 
D. Gosling2
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Case investigation and reactive case detection (RACD) activities are 
implemented in many low transmission settings and recommended by 
the World Health Organization as a key strategy for malaria elimination. 
Determining the origin of infection, known as case investigation, and 
screening household members and neighbors of passively detected malaria 
cases for infection, known as RACD, requires substantial programmatic 
and human resources. By evaluating the program performance of case 
investigation and RACD activities, gaps in reporting completeness and 
timeliness can be identified to determine if improvements are required. 
Thailand is implementing case investigation and RACD and aims to 
eliminate malaria by 2024. Based on the findings from a pilot evaluation 
conducted, the Thailand Bureau of Vector-Borne Diseases (BVBD) scaled-
up the use of a standardized monitoring and evaluation (M&E) tool to 
identify best practices and gaps in case investigation and RACD to inform 
active screening efforts in Thailand. Data will be presented on the five 
evaluation provinces covering a range of transmission endemicities. 
Routine surveillance data on case investigation and RACD reporting 
completeness, timeliness and coverage from 2013 and 2014 are analyzed 
from the national malaria information system as well as from district-level 
malaria clinics, malaria posts and border malaria posts. Questionnaires 
were administered to surveillance program personnel regarding RACD 
operations and procedures to understand their knowledge, practices 
and the challenges to conduct RACD. Costing data for personnel, 
commodities, and other services related to case investigation and RACD 
expenditures were collected and analyzed to determine the primary 
cost drivers and operating costs for RACD. Preliminary findings from 
the evaluation provinces have informed the BVBD on where program 
efficiencies can be achieved, including the need for additional RACD-
specific trainings. M&E of case investigation and RACD will assist the BVBD 
in improving RACD program effectiveness and help Thailand achieve its 
goal of malaria elimination.

1553
DEVELOPMENT OF A PREGNANCY-SPECIFIC SEROLOGY TEST: 
A PATH TOWARDS A NEW TOOL TO MEASURE MALARIA 
TRANSMISSION IN THE CONTEXT OF ELIMINATION

Ana Maria Fonseca1, Eusebio Macete2, Raquel González1, 
Chenjerai Jairoce2, Chenjerai Jairoce2, Jennifer Hegewisch1, María 
Rupérez1, Llorenç Quintó1, Pau Cisteró1, Pau Cisteró1, Anifa Vala2, 
Arsenio Nhacolo2, Chetan Chitnis3, Esperanza Sevene2, Clara 
Menéndez1, Alfredo Mayor1
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New metrics for malaria transmission are needed for malaria elimination. 
P. falciparum infection during pregnancy is associated with a strong 
antibody response against VAR2CSA (pregnancy-specific antigen expressed 
by the parasite on the erythrocyte membrane that binds to placental 
Chondroitin Sulphate A), suggesting that detection of these antibodies 
in pregnant women at antenatal clinics could be used for surveillance of 
malaria. To select antigens with the highest potential for a VAR2CSA-based 
serological test, we measured IgGs in Mozambican pregnant women, as 
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well as in non-exposed individuals, using a quantitative suspension array 
technology that included 46 peptides from both conserved and semi-
conserved regions of VAR2CSA, 3 recombinant proteins (DBL3x, DBL5ε, 
DBL6ε) and non-pregnancy specific antigens. Dynamics of antibody 
responses during pregnancy were also determined to assess acquisition 
and longevity of antibody responses. We first excluded those antigens that 
were a) poorly recognized by plasmas from pregnant women with high 
antibody levels against a VAR2CSA-expressing parasite line (CS2) (n=106); 
b) recognized by Mozambican men (n=102) and Spanish individuals 
(n=100) and c) not associated with antibody acquisition in women infected 
with P. falciparum during pregnancy (n=252, longitudinal cohort with 
3 time-points per women). Among the 25 antigens selected, antibodies 
against 17 peptides, DBL3X and DBL5ε mirrored falls and rises in malaria 
prevalence in Manhiça during 2003-2012 (n=654). Finally, 9 out of the 
17 peptides, DBL3X and DBL5ε were selected based on high boosting of 
antibody by malaria infection, low time to double the levels when infection 
occur (rapid generation of antibodies) and short half-life (detectable during 
one pregnancy). We are currently exploring the value of VAR2CSA serology 
to detect recent changes in P. falciparum exposure associated with the 
use of intermittent preventive treatment with different antimalarials. This 
pregnancy-specific serological test could be placed into action to provide 
information for malaria surveillance in elimination campaigns.

1554
OVERVIEW OF MALARIA SURVEILLANCE SYSTEMS IN 
ELIMINATION SETTINGS: LESSONS FROM THE PAST, AND 
ASSESSING CRITICAL PROGRAM NEEDS

Christopher Lourenco1, Andrew J. Tatem2, Deepika Kandula1, 
Justin M. Cohen1, Arnaud Le Menach1

1Clinton Health Access Initiative, Boston, MA, United States, 2University of 
Southampton, Southampton, United Kingdom

Achieving malaria elimination requires a well-designed surveillance system 
which can guide targeted efforts and selection of impactful strategies. 
However, challenges remain to design systems to fit countries’ needs and 
constraints. A systematic literature review of surveillance systems from 
countries that have eliminated malaria or have a national elimination 
policy in place was conducted to build a stronger evidence-base on 
what technical elements are essential to efficiently support elimination. 
The review evaluated the system structure and surveillance activities in 
each country while focusing on what data were collected, what output 
was generated to direct programmatic response, and what technical 
components are required. We reviewed 10 countries worldwide that 
eliminated malaria between 1965 and 2014, and 9 countries that are in 
the process of eliminating. According to the review, every country that 
successfully eliminated malaria described a system that had strong passive 
case detection as its backbone. The passive systems included individual 
case reporting and detailed investigations, parasitological confirmation of 
cases, foci identification, staff at district or village level specifically assigned 
to assist in surveillance activities, and entomological data collection. 7 out 
of the 10 countries that have eliminated also described conducting reactive 
case detection with responses varying depending on country context, and 
8 out of 10 had a response mechanism incorporated into their surveillance 
systems that triggered programs to target interventions based on current 
data (i.e. implementation of indoor residual spraying dependent on foci 
investigation). In comparison, not all of the 9 eliminating countries had 
individualized reporting or thorough case investigations directing their 
interventions. However, those countries have begun to adopt technologies 
such as web-based or mobile tools that might enable a quicker response. 
As countries work to strengthen surveillance for elimination, lessons 
learned from historical experience should be used to highlight and 
prioritize components critical for success.

1555
THE PROBABILITY OF ACUTE ILLNESS FOLLOWING 
PLASMODIUM VIVAX PRIMARY INFECTION AND RELAPSE IN 
A COHORT OF CHILDREN FROM PAPUA NEW GUINEA

Amanda Ross1, Cristian Koepfli2, Peter Siba3, Ingrid Felger1, Ivo 
Mueller2, Marcel Tanner1

1Swiss Tropical and Public Health Institute, Basel, Switzerland, 2Walter and 
Eliza Hall Institute of Medical Research, Parkville, Australia, 3Papua New 
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The probabilities of clinical illness following Plasmodium vivax primary 
infection and relapse are unclear in people living in endemic areas. A major 
difficulty lies in the inability to distinguish primary infections and relapses. 
We previously analysed genotyping data to show that the seasonal pattern 
of the incidence of primary infections and relapses differed in a cohort 
of children in Ilaita, Papua New Guinea. The differential seasonality can 
be used to gain leverage to estimate the probability of clinical illness 
following primary infection and relapse in the same cohort. The children, 
aged one to three years at enrolment, were followed up over 16 months. 
Illness was detected during active case detection every two weeks and 
carers were encouraged to visit the study clinic if the child was ill at other 
times. P. vivax illness was defined as fever or reported fever in the last 48 
hours with a parasite density of 500/µl or greater. We relate the number 
of observed P. vivax cases in each age-group and each two month time 
period to the expected numbers of primary infections and relapses, and 
use the expected cumulative number of lifetime genotypes seen as a 
proxy for clinical immunity. The expected numbers of primary infections 
and relapses are derived from a simulation model, parameterized by 
previous analyses of the same cohort and including the seasonal pattern of 
primary infections, differential biting by age by weighting by body surface 
area, the durations of blood-stage infections, the number and timing of 
relapses, and treatment. We assume relapses occurring when a blood-
stage infection by the same genotype is present do not cause illness and 
are not counted. The estimated probability of acute illness declined with 
the cumulative number of genotypes seen. For the ages in this cohort, the 
probability following primary infection ranged from 0.3 to 0.05, following 
the first relapse, 0.07 to 0.0006, and for the second or later relapse, the 
probability was low. These results can inform estimates of the burden of 
P. vivax disease and provide building blocks for mathematical models for 
predicting the impact of interventions against P. vivax.

1556
ABSENCE OF EFFECT OF HETEROZYGOUS HEMOGLOBIN S 
ON THE PREVALENCE OF PLACENTAL MALARIA AND LOW 
BIRTH WEIGHT

Jaymin C. Patel1, Victor Mwapasa2, Linda Kalilani2, Feiko O. ter 
Kuile3, Carole Khairallah3, Kyaw L. Thwai1, Steven R. Meshnick1, 
Steve M. Taylor4

1University of North Carolina, Chapel Hill, NC, United States, 2College 
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Liverpool, United Kingdom, 4Duke University Medical Center, Durham, NC, 
United States

Heterozygous hemoglobin S (HbAS), or sickle trait, protects children from 
life-threatening falciparum malaria. The mechanism of this protection 
is unclear, and evidence suggests that HbAS reduces expression of, 
Plasmodium falciparum erythrocyte membrane protein 1 (PfEMP1) and 
thereby attenuates adherence of infected erythrocytes (IEs) to extracellular 
ligands. Such binding of IEs to ligands is central to the pathogenesis of 
placental malaria, wherein the expression of the PfEMP1 variant VAR2CSA 
mediates IE binding to chondroitin sulfate in the placenta; thus, placental 
malaria serves as an in vivo model of PfEMP1-mediated sequestration of 
IEs. We hypothesized that HbAS would be associated with reduced risks 
of placental malaria and its sequelae, including low birth weight (LBW). 
We tested this hypothesis in a cross-sectional study of 850 delivering 
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women in Southern Malawi. Demographic, clinical, and antenatal records 
were collected from enrolled women along with infant birth weight. 
Placental histology was scored for markers of malaria, and parasites were 
detected in peripheral and placental blood by real-time PCR. The overall 
prevalence of HbAS was 3.7%. The prevalence of P. falciparum was 
8.5% in peripheral blood and 12.7% in placenta by PCR and 24.4% by 
any histological evidence. The prevalence of LBW (<2500g) was 11.2%. 
There were no significant associations between HbAS and placental P. 
falciparum (OR: 1.29, 95% CI: 0.48, 3.41) or any histological evidence of 
placental malaria (OR: 0.98, 95% CI: 0.40, 2.34). P. falciparum densities, 
as estimated by PCR, were also similar between groups. Furthermore, 
mean (standard deviation) birth weights of infants born to HbAS (2947g 
[563g]) and HbAA (2991g [465g]) mothers were similar, as was prevalence 
of LBW (OR: 0.82, 95% CI: 0.24, 2.73). Across a range of parasitologic, 
clinical, and histologic outcomes, HbAS did not confer protection 
from placental malaria or its adverse effects. Although HbAS reduces 
cytoadherence of IEs to endothelium, the absence of protective effects 
in this study suggest that HbAS does not attenuate the ability of IEs to 
sequester in the placenta.
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DISTRIBUTION AND PREVALENCE OF MALARIA IN CHILDREN 
UNDER THE AGE OF FIVE IN THE DEMOCRATIC REPUBLIC OF 
THE CONGO, 2013-2014

Lauren Levitz1, Mark Janko2, Corinna Keeler2, Melchior 
Kashamuka Mwandagalirwa3, Stephanie Doctor1, Olivia 
Anderson1, Amy Whitesell1, Kyaw Thwai1, Henry Ntuku3, Michael 
Emch2, Joris Losimba Likwela4, Antoinette K. Tshefu3, Steven 
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Democratic Republic of the Congo

The Democratic Republic of the Congo has one of the highest malaria 
burdens in the world. Over 8,000 children under the age of 5 in 540 
population-representative clusters were tested for malaria in the 2013-4 
Demographic and Health Survey. Infection was ascertained by microscopy, 
rapid diagnostic tests (RDT), and PCR for the Plasmodium falciparum 
lactate dehydrogenase gene. Weighting for populations, 34.1% of 
children were PCR-positive for P. falciparum malaria. In contrast, 
22.7% and 30.9% were positive by microscopy and RDT, respectively. 
The prevalence of microscopic gametocytemia was 1.4%. Malaria 
was common in all 26 national health divisions. PCR prevalence, like 
microscopy, increased with age and was higher in those living in rural 
areas compared to urban areas. PCR prevalences ranged from 10 to 68%. 
We estimate that prevalence of mono-infections with P. malaria or P. ovale 
was approximately 1%. Of the RDT-positive samples, 18% were both PCR- 
and microscopy-negative, probably due to persistence of HRP-2 in the 
circulation. This high burden of malaria was found despite the fact that 
insecticide-treated net (ITN) ownership increased from 7% of households 
in 2007 to 70% in 2013.

1558
ESTIMATING THE MALARIA ATTACK RATE IN TANZANIAN 
MILITARY CAMP: RISK FACTORS ASSOCIATED WITH 
MALARIA EPIDEMIOLOGY IN MILITARY CAMPS IN TANZANIA

Charles E. Mwanziva1, Mercy Chiduo2, Lucky Temu3, Francis 
Filbert2, Humphrey Mkali2, Sarah Chiduo3, David Schnabel4, 
George Amoo5, Lalaine Anova6, Colin Ohrt4, Eyako Wurapa4, Akili 
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Kohi1, Dennis Janga1

1Tanzania Peoples Defence Forces, Dar es Salaam, United Republic of 
Tanzania, 2National Institute for Medical Research, Tanga Research Centre, 
Tanga, United Republic of Tanzania, 3Walter Reed Malaria Programme-
Tanzania, Dar es Salaam, United Republic of Tanzania, 4Walter Reed 
Army Institute of Research, Silver Spring, MD, United States, 5Amethyst 
Technologies LLC, Baltimore, MD, United States, 6ClinicalRM Inc., Hinckley, 
OH, United States, 7National Institute for Medical Research, Tukuyu 
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In Tanzania, malaria ranks number one cause of morbidity and mortality, 
accounts for over 32% of the National disease burden. There is high 
heterogeneity of malaria transmission. Imported cases by travellers to 
and from different areas in Tanzania poses a great challenge in malaria 
epidemiology. The aim of this study was to identify risk factors associated 
with malaria attack rate among individuals when entering a training camp 
in a highly endemic area. Tanzania People’s Defence Forces (TPDF) Recruits 
eligible to study in Mgambo National Service camp -Tanga, were randomly 
selected by multistage sampling; consented and followed for six months. 
Fortnightly malaria smear was collected. Blood samples for serological 
tests were collected. Microscopy was a gold standard method for malaria 
diagnosis. Data was subjected to univariate and multivariate analysis, 
logistic regression model was used to identify the risk factors. Among 
549 recruits who were involved in this study, 31.7% (174) were malaria 
positive, of which 80.5% (442) were male recruits. Female recruits had 
54% significantly reduced chances of being malaria positive [OR: 0.46; 
95% CI: 0.28 - 0.77; P=0.003]. Among positive cases, those who didn’t 
sleep under treated net previous night were found to have significantly 
increased odds of being malaria positive [OR: 7.71; 95% CI: 1.01-58.61; 
P=0.048]. Travelling outside the camps in the past one month had 
increased odds of being malaria positive [OR: 1.25; 95% CI: 0.87-1.79; 
P=0.232]. There was significant difference between malaria positivity and 
place of travel [X2=40.1; P=0.015]. This study revealed failure to use bed 
nets and travel are major drivers of malaria. Identification of gaps in net 
use, knowledge, relevant types of human movement and development of 
strategies addressing travel is highly recommended. Mgambo NS being 
a high malarial endemic area is ideal site for malaria drug prophylaxis or 
vaccine studies, where TPDF recruits from various transmission intensity 
areas train under similar exposure environment.

1559
A COMPARISON OF HOUSEHOLD SURVEY SCREENING FOR 
MALARIA AMONG OLDER CHILDREN (5-14YRS) AND ADULTS 
VERSUS YOUNG CHILDREN TO DETERMINE FINE-SCALE 
HETEROGENEITY IN AN AREA OF HIGH TRANSMISSION

Mark Sherlock1, Emanuele Giorgi2, Arantxa Roca-Feltrer1, 
Clemens Masesa1, Kamija Phiri3, David Lalloo4, Peter Diggle2, 
Dianne Terlouw1

1Malawi-Liverpool Wellcome Trust Research Centre, Blantyre, Malawi, 
2University of Lancaster, Lancaster, United Kingdom, 3College of Medicine, 
Blantyre, Malawi, 4Liverpool School of Tropical Medicine, Liverpool, United 
Kingdom

There are increasing calls for more targeted malaria control interventions 
that take into account transmission heterogeneity. Capturing such 
heterogeneity and identifying hotspots accurately at the sub-district and 
district level however remains a challenge. Current parasitaemia indicators 
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for household surveys are based on children aged 6 to 59 months. 
While there is an increasing interest to expand parasitaemia screening 
in household surveys to older children or adults, its added value remains 
unclear. We investigated whether screening older age groups in addition 
to young children within households could improve precision in mapping 
heterogeneity and malaria hotspots. We conducted a monthly continuous 
(‘rolling’) population based household-level malaria indicator survey (rMIS) 
in an area of ~400km2 in Chikwawa district, southern Malawi. Malaria 
parasitaemia screening was conducted in three age groups: 6-59 months, 
5-14 years, and ≥15 years, and based on a pLDH/HRP2 rapid diagnostic 
test (First Response® Malaria Ag. pLDH/HRP2 Combo Card Test, Premier 
Medical Corporation Ltd., India). Further collected household information 
included socioeconomic status, long-lasting insecticide-treated net 
and indoor residual spraying coverage. A total of 1,197 children aged 
6-59 months, 1,506 aged 5-14 years, and 1,1881 aged ≥15 years were 
sampled. Parasite prevalence was 16.7% (95%CI 14.5, 19.2) in the 
youngest age group, 11.8% (95%CI 10.1, 13.7) in the 5 to 14 years age 
group and 5.4% (95%CI 4.5, 6.3) in the ≥15 year group. This data was 
used to create geospatial maps of parasite prevalence for both individual 
age groups and combined groups, using generalized linear geostatistical 
models. Comparative analyses of these maps suggest that the older age 
groups do not increase the accuracy or precision in mapping malaria 
hotspots. These findings thus suggest that in settings of high but varying 
malaria transmission the screening of older children and adults in addition 
to children under the age of 5 in household surveys will not contribute 
to a more accurate picture of heterogeneity and identification of malaria 
hotspots.

1560
CLINICAL SPECTRUM OF DISEASE IN ADULTS AND CHILDREN 
WITH PLASMODIUM KNOWLESI MALARIA IN A DISTRICT 
SETTING IN SABAH, MALAYSIA

Matthew J. Grigg1, Timothy William2, Prabakaran Dhanaraj3, 
Jayaram Menon2, Giri Rajahram2, Bridget Barber1, Chris Wilkes1, 
Arjun Chandna1, Kaajal Patel1, Jonathan Cox4, Chris Drakeley4, Tsin 
Yeo1, Nicholas Anstey1

1Menzies School of Health Research, Darwin, Australia, 2Queen Elizabeth 
Hospital, Kota Kinabalu, Sabah, Malaysia, 3Kudat District Hospital, Kudat, 
Sabah, Malaysia, 4London School of Hygiene & Tropical Medicine, London, 
United Kingdom

Plasmodium knowlesi is now the most common cause of malaria in 
Malaysia, but prospective studies describing the clinical spectrum have 
only detailed adult disease. In our prospective study (2012-ongoing) at 3 
district hospitals in Sabah, Malaysia, previously untreated, non-pregnant 
patients of any age hospitalised with PCR-confirmed malaria includes: 
368 P. knowlesi (32 [8.7%] children ≤ 12 yrs), 152 P. vivax (63 [41.5%] 
children), 56 P. falciparum (11 [19.6%] children), 14 P. malariae, and 
1 mixed Pk/Pf. Preliminary data include a lower baseline parasite count 
for P. knowlesi malaria patients (median 2274/μL, IQR 537-9252) than 
P. falciparum (9762/μL, IQR 2030-24010, P<0.001), and P. vivax (4319/
μL, IQR 1588-9608, P=0.011). Parasite counts were higher in adults 
with P. knowlesi compared to children (2427 vs. 890/μL, P=0.013). In P. 
knowlesi (WHO criteria) anaemia was present in 37% of adults vs. 86% 
in children (P<0.001), however was less prevalent than in P. vivax overall 
(60%, P<0.001). Acute kidney injury (AKIN criteria and/or creatinine 
>132mmol/L) was found in 42/285 (14.7%) with P. knowlesi including 
42/263 (16%) adults and 14/27 (52%) of those with severe disease, 
compared to P. vivax overall (12/140, 8.6%, P=0.073). In those with 
P. knowlesi 28/366 (7.7%) had severe malaria (modified WHO 2010 
criteria): 28/334 (8.4%) in adults but none in children. In comparison, 
severe disease was seen in 5/152 (3.2%, P=0.062) with P. vivax and 
4/56 (7.1%, P=0.839) with P. falciparum. 207/359 P. knowlesi patients 
were treated with artemisinin combination therapy, including 39 with 
prior intravenous artesunate, and the remainder with oral chloroquine. 
There were no treatment failures in knowlesi malaria patients seen at 28 
days. There was one P. knowlesi malaria death, with delayed parenteral 

artesunate due to misreported hyperparasitaemia. Overall P. knowlesi 
malaria predominantly affected adults, with AKI (16%) and severe malaria 
(8.4%) commonly developing in this age-group. Although anaemia was 
more common in children than adults with P. knowlesi, parasitemia was 
lower and severe anaemia, AKI or other severe disease was not seen.

1561
PROGRESS TOWARDS ACHIEVING MILLENNIUM 
DEVELOPMENT GOAL AND ROLL BACK MALARIA TARGETS 
IN GHANA

Wahjib Mohammed, Keziah L. Malm, Constance Bart-Plange
National Malaria Control Programme, Accra, Ghana

Ghana has been implementing the Roll Back Malaria Strategy since 2003, 
and is currently operating with the 2008- 2015 strategic plan. The overall 
goal of the 2008 - 2015 malaria strategic plan is to reduce both malaria 
deaths and malaria burden by 75% by 2015 using 2000 as baseline. In line 
with the MDG Goal 6, the programme is aimed at halting malaria deaths 
by 2015. This study aimed to assess progress towards attainment of 2015 
MDG/RBM malaria targets in Ghana. This study employed desk review 
of annual reports, policy and operational guidelines, reports of health 
facility and community based surveys including Multiple Indicator Survey 
(MICS), Demographic and Health Surveys (DHS) and Malaria Indicator 
Surveys between 2000 -2014. All cause under-five years mortality rate 
was reduced from 111/1000 in 2003 to 60/1000 in 2014. Malaria case 
fatality rate in under-five children reduced from 14.4% in 2001 to 0.51% 
in 2014. Ghana also achieved up to 50% reduction in parasite prevalence 
between 2002 and 2014 from a national average of over 50% to 26.7%. 
There was an increase in the use of ITNs among children under five and 
pregnant women, from 3.5% and 2.7% in 2003 to 58.8% and 56.3% 
in 2014 respectively. Proportion of pregnant women receiving at least 
2 doses of IPT was 64.4% in 2011 against the target of 80% by 2015. 
Proportion of malaria cases treated with Artemisinin-based Combination 
Therapy (ACT) increase from 39% in 2011 to 82.5% in 2014. Ghana 
has made significant progress towards attainment of the MDGs goals of 
halting malaria deaths. There is however the need to sustain the gains and 
improve in areas such the coverage of IPTp and ITN use.

1562
ESTIMATING THE MOST RESOURCE-EFFICIENT MALARIA 
INTERVENTION PACKAGES AND SPATIAL SCALES TO 
ACHIEVE ELIMINATION ACROSS AFRICA

Patrick G. Walker, Jamie T. Griffin, Neil M. Ferguson, Azra C. 
Ghani
MRC Centre for Outbreak Analysis and Modelling, London, United 
Kingdom

Resource constraints mean that the elimination of malaria in much of 
Africa, if achievable, is likely to require available resources to be allocated 
carefully. Here we use a dynamical model of malaria transmission, 
capturing the heterogeneity in transmission of malaria which exists 
across sub-Saharan Africa, to identify the most efficient combination of 
interventions and spatial scale of implementation to achieve different 
elimination milestones. Our results demonstrate that, while bed-nets 
are a cost-effective step towards any control target, the choice of 
further interventions to deploy within a setting depends on the time 
scale over which a given target is to be achieved and whether disease 
reduction or elimination of infection is the priority. We found that while 
chemoprevention within risk groups such as children are the most 
cost-effective means by which to achieve rapid reductions in malaria 
burden, the changing age-distribution of disease as transmission falls 
and large asymptomatic reservoir means that sustaining low burden 
or other more ambitious elimination milestones requires interventions 
which target the general population such as indoor residual spraying 
or mass drug administration (MDA). At 90% population coverage, we 
estimate that packages including one, two or three annual rounds of 
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MDA would achieve pre-elimination levels of transmission (<0.001 case 
per person year) in 75%, 82% and 91% of the population at risk in 
mainland Africa respectively, with the latter achieving pre-elimination in 
25 of the 42 countries with ongoing transmission. We then investigated 
how the resources needed to achieve this target depend upon whether 
interventions are deployed at the country or provincial (first administrative 
unit) level. We found that on average provincial level policies reduced the 
resources necessary to achieve pre-elimination by 40%, with countries 
with high levels of heterogeneity in transmission such as Tanzania, 
Senegal, and Angola benefiting most. In other countries such as Zambia, 
high within-province variation may suggest the need for even higher 
resolution local-level policies.

1563
SPATIAL AND TEMPORAL DYNAMICS OF MALARIA 
INCIDENCE FROM 2009-2013 IN BANDIAGARA, MALI

Drissa Coulibaly1, Mark A. Travassos2, Jean Gaudard3, Youssouf 
Tolo1, Abdoulaye K. Kone1, Matthew B. Laurens2, Karim Traore1, 
Issa Diarra1, Amadou Niangaly1, Modibou Daou1, Mody Cissoko1, 
Boureima Guindo1, Stanislas Rebaudet3, Bourema Kouriba1, 
Mahamadou A. Thera1, Renaud Piarroux3, Christopher V. Plowe4, 
Ogobara K. Doumbo1

1Malaria Research & Training Center, University of Science, Techniques 
& Technology, Faculty of Medicine and Dentistry, Bamako, Mali, 2Center 
for Malaria Research, Institute for Global Health, University of Maryland 
School of Medicine, Baltimore, MD, United States, 3Aix-Marseille 
University, Marseille, France, 4Center for Malaria Research, Institute for 
Global Health, University of Maryland School of Medicine, Baltimore, MD, 
United States

Despite recent progress in reducing malaria morbidity and mortality in 
many places, empirical and theoretical evidence suggests that the current 
suite of interventions will not be sufficient to eliminate malaria from 
many areas in sub-Saharan Africa with historically high levels of malaria 
transmission. Careful description of the micro-epidemiology of malaria is 
essential for an accurate assessment of local transmission risk and hotspot 
localization in order to support malaria control programs, particularly in 
countries with limited resources. Our study aimed to measure malaria 
incidence and to investigate spatial and temporal dynamics of malaria 
in a single town in Mali from June 2009 to July 2013. Malaria incidence 
was measured in a cohort of 400 children through active and passive 
surveillance. Households were georeferenced using a handheld Global 
Position System (Garmin: Personal Navigator) with an accuracy goal of 
<15m and assigned to blocks of houses. A GIS map of Bandiagara was 
established from satellite photography and field surveys. Malaria cases 
were mapped using PHILCARTO (TM). SaTScan® software was used to 
look for intra-annual and inter-annual clusters of high or low risk. The 
incidence was stable from 2009-2013. The annual cumulative incidence 
varied from 1.3 to 2.0 clinical episodes per child from 2009-2013. The 
weekly clinical malaria episodes and rainfall were plotted. Three month 
phase shifts were detected between the beginning of seasonal rains and 
the peaks of clinical malaria episodes. During high malaria transmission 
periods, hotspots were stable and localized to the southwest part of the 
town, as well as in the northeast section near the Yamé river. The central 
and eastern parts of the town were relatively protected. No significant 
clustering was found during the low transmission period. Overall, there 
was a marked spatial heterogeneity of malaria cases with stable hotspots 
and stable incidence in Bandiagara from 2009 to 2013. This analysis 
of malaria microepidemiology may inform local malaria control and 
elimination strategies.

1564
COST-EFFECTIVE SCALE-UP OF CURRENT INTERVENTIONS 
AND RTS,S IN SUB-SAHARAN AFRICAN SETTINGS

Peter Winskill, Patrick G. Walker, Jamie T. Griffin, Azra C. Ghani
Imperial College London, London, United Kingdom

Despite continuing progress in the control of malaria, in many countries, 
especially in sub-Saharan Africa, the burden of disease remains high 
and the availability of interventions remains sub-optimal and subject to 
resource constraints. In light of this, the setting-specific cost-effectiveness 
of new tools to control malaria, such as the RTS,S vaccine, must be 
evaluated alongside other control options, including investing more 
resources in further scaling-up existing interventions already in place. 
We used an existing mathematical model of malaria to describe the 
effectiveness of LLINS, RTS,S and chemoprevention in children across the 
highly heterogeneous range of transmission settings that exist across 
Africa. Costs were estimated using a production function framework for 
a range of interventions, including LLINs and the RTS,S vaccine. The most 
efficient, step-wise approach to scaling up a combination of interventions 
was determined by comparing the incremental cost-effectiveness ratios 
(ICERs) associated with increasing the coverage of each intervention and 
choosing the most favourable option. This process was repeated until 
the coverage or usage of all interventions was maximised. Outcomes 
considered include the reduction over ten years of clinical incidence in 
infants (6 months to 5 years old) and clinical incidence in all age groups. 
LLINs are generally considered the most cost-effective malaria control 
method currently available. We found that, when including RTS,S with an 
assumed unit cost of production of $5 per dose as an option, providing 
LLINs to the majority of the population remains the most cost-effective 
control strategy across a wide range of transmission settings. However, 
under the realistic assumption that reaching individuals without a net 
becomes increasingly difficult as coverage increases, if there are sufficient 
remaining resources, strategies such as chemoprevention or RTS,S may 
be a more cost-effective alternative to achieving very high levels of LLIN 
coverage.

1565
COMPARING THE EPIDEMIOLOGY OF MALARIA INFECTION 
AND ILLNESS IN PNG CHILDREN BEFORE, DURING AND 
AFTER THE INTENSIFICATION OF CONTROL MEASURES

Maria Ome-Kaius1, Johanna H. Kattenberg1, Matthew Siba1, 
Shadrach Jally1, Daisy Mantila1, Jason Ginny1, Peter M. Siba1, 
Christopher L. King2, Ingrid Felger3, James W. Kazura2, Ivo 
Mueller4, Leanne J. Robinson4

1Papua New Guinea Institute of Medical Research, Madang, Papua New 
Guinea, 2Case Western Reserve University, Cleveland, OH, United States, 
3Swiss Tropical and Public Health Institute, Basel, Switzerland, 4Walter and 
Eliza Hall Institute of Medical Research, Parkville, Victoria, Australia

In Papua New Guinea (PNG), children less than 5 years of age typically 
experience high levels of clinical illness with Plasmodium falciparum and 
P. vivax. Children appear to acquire clinical immunity to P. vivax rapidly 
and clinical episodes are rare after 5 years of age, whilst clinical episodes 
of P. falciparum remain common. Perennial exposure as well as the high 
rates of relapses and clinical disease due to P. vivax in early childhood may 
contribute to the rapid acquisition of clinical immunity early in life. The 
incidence of clinical malaria with both species is comparable in children 
less than 5 years. However, the prevalence and incidence of P. falciparum 
infection and illness increases with age, with minimal signs of any 
acquisition of clinical immunity to P. falciparum in this age group. In the 
last decade, there has been a renewed focus on the implementation of an 
effective National Malaria Control Program and this is successfully reducing 
malaria transmission in the country. However, a detailed understanding 
of the impact on the burden of infection and clinical malaria, as well as 
the acquisition of clinical immunity in the most vulnerable age group, 1-5 
year olds, is lacking. To assess this, a longitudinal cohort study of 1-5 year 
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olds was conducted in the same area of East Sepik Province as previous 
studies that were conducted prior to (Lin et al) and during (Betuela et al) 
the introduction of sustained control measures. Preliminary analysis shows 
a marked reduction in the prevalence of P. vivax infection at enrolment (by 
PCR) from 53.0% in 2006 to 14.0% in 2013 and P. falciparum infection 
from 49.6% to 14.0%. Similarly, prevalence of clinical malarial episodes 
has significantly declined from 20.5% to 4.8%. Detailed analysis of the 
incidence and risk of malaria in the 10 month follow-up period will be 
presented. In conclusion, preliminary data confirms a profound decline 
in the prevalence of malaria infection and episodes achieved through 
sustained control measures.

1566
EXPLORING THE RELATIONSHIP BETWEEN CLIMATIC 
FACTORS AND ITN USE IN 17 AFRICAN COUNTRIES

Emily E. Ricotta1, Hannah Koenker1, Joshua Yukich2, Olivier Briët3

1Johns Hopkins Center for Communication Programs, Baltimore, MD, 
United States, 2Tulane University School of Public Health and Tropical 
Medicine, New Orleans, LA, United States, 3Swiss Tropical and Public 
Health Institute, Basel, Switzerland

While there is much anecdotal evidence of climatic factors such as rainfall 
and temperature affecting insecticide-treated net (ITN) use, there is little 
actual data demonstrating this association. Qualitative research has 
reported decreased ITN use during the dry season due to perceptions 
of being too hot, and increased use during the rains due to increases in 
perceived nuisance biting. This analysis uses data from national household 
surveys, as well as remotely-sensed climate data, to assess how factors 
such as ITN use is influenced in different ecological environments at 
different times of the year. The most recent national survey with available 
geographic location data was obtained for 17 African countries. Monthly 
rainfall estimates (mm) at a roughly 4 km resolution were acquired, and 
the mean rainfall estimate at each survey cluster location for the month 
in which the survey was conducted was merged with the national survey 
dataset. Logistic regression was run to assess whether there was a 
significant relationship between estimated rainfall quantile and ITN use 
in each of the study countries. Preliminary results suggest that in 10 of 
the 17 countries surveyed in this analysis, there is a significant association 
between estimated rainfall and ITN use. In some countries, higher 
quantiles of estimated rainfall increased the odds of net use significantly 
(Benin – OR: 1.45, p=0.001). However, in a few countries, higher quantiles 
were associated with decreased odds of using an ITN when controlling for 
access to an ITN in the household (Senegal – OR: 0.75, p=0.024). Further 
studies are necessary in order to understand what additional climatic 
factors, such as land surface temperature, nocturnal dew point, and 
relative humidity, play a role in ITN use, as well as the reasoning behind 
these associations and what they mean for in-country malaria prevention 
programs.

1567
THE EFFECTIVENESS OF A TARGETED INDOOR RESIDUAL 
SPRAY CAMPAIGN WITH PIRIMIPHOS-METHYL IN 
NCHELENGE DISTRICT, NORTHERN ZAMBIA

Marisa A. Hast1, Mike Chaponda2, Daniel J. Bridges3, David 
Larsen3, Kelly M. Searle1, James Lupiya2, Tamaki Kobayashi1, 
Timothy M. Shields1, Modest Mulenga2, Frank C. Curriero1, 
William J. Moss1

1Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States, 2Tropical Disease Research Centre, Ndola, Zambia, 3Akros, Lusaka, 
Zambia

The WHO has identified vector control as a key priority in reducing 
community malaria burden. In Nchelenge District, Luapula Province, 
Zambia, the main malaria vectors are An. gambiae s.s. and An. funestus, 
both of which are highly anthropophilic and endophilic, making indoor 
residual spraying (IRS) a potentially effective strategy. Nchelenge District 

has hyperendemic malaria, with greater than 50% parasite prevalence 
by rapid diagnostic test (RDT). Malaria vectors in Nchelenge District are 
susceptibile to the organophosphate insecticide pirimiphos-methyl, and 
this compound was used for the first time in Zambia in a large-scale IRS 
campaign in Nchelenge District conducted by the Ministry of Health, the 
President’s Malaria Initiative (PMI), and NGO partners over 6 weeks in 
October-December 2014. Sub-district areas were targeted for spraying 
based on population density and health center case reports. This is the first 
use of a targeted IRS strategy in Zambia. Approximately 30 months of data 
from 425 households in active surveillance cohorts was used to establish 
baseline seasonal malaria prevalence in Nchelenge District. After the IRS 
campaign, six months of enhanced surveillance from 250 households will 
be used to evaluate the impact of this IRS strategy, both in targeted areas 
and district-wide. Parasite prevalence as measured by rapid tests and PCR 
in serial bimonthly cross-sectional data collections are compared pre- and 
post-intervention, and changes in time to reinfection in longitudinal 
cohorts and vector abundance using CDC light traps are quantified.

1568
SHIFTING EPIDEMIOLOGICAL PATTERN OF MALARIA IN 
NORTH CENTRAL AND SOUTHWESTERN NIGERIA

Adeola Y. Olukosi, Chimere Agomo, Oluwagbemiga Aina, 
Samuel Akindele, Hilary Okoh, Bartholomew Brai, Olusola 
Ajibaye, Bassey Orok, Bamidele Iwalokun, Adeniyi Adeneye, 
Adedapo Adeogun, Olajumoke Akinyele, Nkechi Oparaugo, Grace 
Akintunde, Veronica Enya, Maureen Aniedobe, Olatoun Fesobi, 
Abiodun Olakiigbe, Samson Awolola
Nigerian Institute of Medical Research, Lagos, Nigeria

Characterization of malariometric indices is a necessary precursor for 
planning malaria control activities. Resulting baseline values of these 
epidemiological parameters provide evidence basis for intervention 
purposes. A survey of four villages in Borgu, Niger State representing a 
Sudan savannah vegetation of North Central Nigeria and Ijede a semi 
urban town, in a forest vegetation belt of South West was conducted. 
Consenting participants were screened for malaria using mRDT and 
microscopy. Temperature, PCV, height and weight were measured. Of a 
total of 1648, 813 from Borgu and 835 from Ijede, malaria positivity by 
RDT was 19.4%, 95% CI = 17.42-21.53 (Ijede 9.6% and Borgu 32.5%) 
and 11.9 %, 95% CI = 10.33-13.67 by microscopy (Ijede 11.5% and 
Borgu 17.1%). Fever was significantly associated with malaria positivity 
[OR = 2.1417 (1.3554-3.3842), P=0.001] overall but not at individual sites 
[Ijede: OR=1.361 (0.4647 - 3.9865), P=0.573; Borgu: OR= 1.6869 (0.9812 
- 2.90), P=0.057]. Malaria positivity rate was significantly lower in under 5 
year than in 5-15 year (P = 0.043) in both study sites. Children under five 
years of age had significantly lower malaria positivity rate (16.3%) as well 
as a lower parasitemia level(382p/µl) when compared to 5-15 years age 
group with 41.3% and 490p/µl corresponding values (P<0.001). Overall 
anemia rate was 21.6%; 95% CI 19.46%-23.74%. Anemia rate and 
distribution was similar at both sites with children under the age of 5years 
17.7% recording lower rates, compared to the rest of the population 
22.3 %(P<0.001). This preliminary investigation revealed a lower malaria 
prevalence rate and parasitemia in under fives compared to children 
5-10years. There should be a high index of suspicion for alternative causes 
of fever, other than malaria in children under the age of 5years in Nigeria.
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1569
MULTIPLICITY OF INFECTION AND DISEASE SEVERITY IN 
PLASMODIUM FALCIPARUM AND P. VIVAX IN AREAS WITH 
SEASONAL TRANSMISSION OF COLOMBIA

M. Andreina Pacheco1, Mary Lopez-Perez2, Andres Vallejo2, 
Socrates Herrera2, Myriam Arevalo-Herrera3, Ananias A. Escalante1

1Temple University, iGEM, Philadelphia, PA, United States, 2Caucaseco 
Scientific Research Center and Centro Internacional de Vacunas, Cali, 
Colombia, 3Faculty of Health, Universidad del Valle, Cali, Colombia

A common observation in malaria endemic areas is that there could be 
multiple lineages of the parasite concurrently infecting a patient; this is 
referred to as multiplicity of infection (MOI). MOI is the result of the co-
transmission of parasite variants (co-infections) or the overlap of variants 
due to multiple infectious contacts (superinfections). Distinguishing 
between the two processes is laborious so MOI usually refers to a sample 
with multiple parasite genotypes. Previous studies have postulated a link 
between MOI and disease severity; association that has been tested in 
Plasmodium falciparum mostly in Africa with limited information on P. 
vivax. In this study, the association between MOI and disease severity is 
explored in seasonal malaria areas from Colombia where P. vivax and P. 
falciparum can be compared. Overall 422 P. vivax and 282 P. falciparum 
samples were collected between 2011 and 2013 from three distinct 
malaria endemic areas of Colombia. A total of 41 P. vivax and 27 P. 
falciparum cases were classified as clinically complicated cases. Samples 
were genotyped by using 8 microsatellite loci, any infection with two or 
more alleles at any locus was considered a multiple infection. P. vivax 
displayed more MOI (50.9%) than P. falciparum (21.6%). Uncomplicated 
cases were sampled in an interval of 5 to 8 days around each complicated 
case so both complicated/uncomplicated cases where matched in time as 
closely as possible. An analysis using a Fisher exact test yield a significant 
association (p<<0.05) between MOI and disease severity in P. vivax. In 
contrast, no association was observed in P. falciparum. Similar analyses 
were performed on all the samples regardless time of collection and the 
association observed in P. vivax remained whereas no association was 
still observed in P. falciparum. We observed that multiple infections with 
P. falciparum usually involved genetically related lineages whereas in P. 
vivax there were distinct genotypes circulating. However, the low number 
of complicated malaria cases did not allow to proper exploring the effect 
that this factor may have in the differences observed between the two 
parasites species.

1570
DECLINE IN THE BURDEN OF MALARIA IN PREGNANCY IN 
SOUTHERN MOZAMBIQUE: EVIDENCE FROM A 14-YEAR 
PERIOD AND IMPLICATIONS FOR MALARIA ELIMINATION

Raquel Gonzalez1, Francisco Saúte2, Azucena Bardaji1, Sonia 
Maculuve2, María Rupérez1, Caterina Guinovart1, Anifa Vala2, Ruth 
Aguilar1, Esperança Sevene2, John Aponte1, Eusebio Macete2, 
Pedro L. Alonso1, Clara Menendez1, Alfredo Mayor1

1Barcelona Institute for Global Health, Barcelona, Spain, 2Manhiça Health 
Research Center (CISM), Maputo, Mozambique

Knowledge of the trends in malaria transmission is essential to evaluate 
the impact of elimination campaigns. Pregnant women are especially 
vulnerable to malaria and have been suggested as a potential reservoir 
of Plasmodium falciparum parasites. The objective of this study was to 
describe changes in the burden of malaria in pregnancy and its maternal 
and infant adverse consequences over a 14-year period in southern 
Mozambique. The study was designed as a retrospective pooled analysis 
of data collected in five studies that enrolled pregnant women of all 
gravidities between 1998 and 2012. Temporal changes of maternal P. 
falciparum infection and pregnancy outcomes, as well as the effect 
of gravidity and HIV infection on the changes on malaria burden were 
assessed over the period. 4973 pregnant women contributed to this 

analysis; 27.2% of them were primigravidae and 29.3% were HIV-
infected. A significant drop in peripheral parasitemia prevalence was 
found between 1998 and 2010 (from 15.3 % to 0.5% p<0.001) with 
a slight but significant rebound in 2012 (to 3.5%, p=0.003). The mean 
parasite density in peripheral blood was higher in 2010 compared with 
that in 1998 (66683 versus 4667.9 parasites/µL, p<0.001). The prevalence 
of placental infection also significantly drop during the study years (from 
50.7% in 2003 to 3.5% in 2012, p<0.001).Primigravidae had higher 
prevalence of P. falciparum infection than multigravidae across all studied 
periods (p<0.001). No significant differences were found in the prevalence 
of peripheral parasitemia between HIV- infected and uninfected pregnant 
women. Maternal anemia ranged between 57.4% and 37.4% with no 
specific pattern over the study years. The prevalence of low birth weight 
decreased during the study period (from 19.8% in 2003 to 6.1% in 
2012, p<0.001).A significant decrease in the malaria burden in pregnancy 
was observed in this area of southern Mozambique over the period. 
Importantly, the increase in P falciparum infection found at the end of the 
period calls for the need of continuous monitoring and surveillance of 
malaria transmission in pregnant women.

1571
MALARIA EPIDEMIOLOGY IN LOW ENDEMICITY AREAS OF 
THE NORTHERN COAST OF ECUADOR
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The recent scale up in malaria control measures in Latin America has 
resulted in an impressive decrease in the number of reported cases in 
most countries of the region. In Ecuador the incidence decreased from 
more than 100 thousand cases in 2001 to 377 cases in 2013) with 
occasional outbreaks of both falciparum and vivax malaria particularly in 
the coastal and Amazonian regions. The success in control measures in 
recent years has led Ecuador to change its malaria policy from control to 
elimination, nevertheless, there is no evidence that current interventions 
alone particularly the passive case detection could lead to malaria 
elimination in the country as it has been reported that a large proportion 
of human malaria infections could be asymptomatic. We have studied the 
malaria prevalence in four communities of an endemic area in northwest 
Ecuador. A total of 650 blood samples were analyzed by microscopy, real 
time PCR as well as serology using ELISA and immunofluorescence. The 
total prevalence of malaria infections in the study area was 8% (98% 
asymptomatics). This number is comparable to the reported prevalence 
in a neighbor endemic area of Colombia (Tumaco) and it implies a much 
higher prevalence of malaria in the area than expected according to 
the official records. Our results infer that the transition from control 
to elimination strategies in a country like Ecuador will demand an 
improvement in malaria diagnostics to detect parasites in asymptomatic 
carriers and in infections with low parasite densities as well as a change in 
the treatment policy.



480

astmh.org

1572
CHANGING MALARIA EPIDEMIOLOGY IN UGANDA BETWEEN 
2011 AND 2014: RETROSPECTIVE ANALYSIS OF KEY 
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The National Malaria Program has been implementing the malaria 2011-
2015 strategic plan (MSP) since January 2011. A mid-term review was 
conducted to examine progress against the targets outlined in the MSP, 
identify key challenges and provide evidence to inform the next 2016-
2020 strategic planning period. This paper summarizes key findings from 
the review and their implications on future malaria control plan. The 
Review was conducted between November 2013 and April 2014. Data to 
assess changes in intervention coverage, malaria burden and compliance 
to Uganda’s malaria “testing guidelines” were primarily from the HMIS 
(DHIS2). Where available, sentinel surveillance data were used to validate 
HMIS findings and additional data were got from surveys and program 
reports. We used descriptive statistics to assess changes in intervention 
coverage and generate trends for key malaria indicators. To assess the 
changes in malaria burden, we analyzed the difference between the Test 
Positivity Rate in the baseline year (2011) and 2014. The proportion of 
households with 1 LLIN per 2 persons increased from 28% in 2011 to 59.6 
% by end of 2013 while outpatient visits attributed to malaria in under-5s 
was recorded to have declined from 52% to 13.7% in the same period. 
In ten districts where IRS has been consistently deployed for 5 years, the 
test positivity rate declined by 25%. Malaria Case fatality rate dropped 
from 2% in 2010 to 0.72% in 2013. Proportion of cases receiving a 
parasitological test before treatment improved from 25% in 2010 to 
59% in 2013.The MTR was used as an opportunity to identify,collate and 
analyze data from different sources to evaluate progress in malaria control. 
Although our results should be interpreted with caution because of the 
inherent data quality problems of routine surveillance systems and low 
malaria testing during the review period, the compilation of data from 
different sources suggests that Uganda has made progress in malaria 
control and is on track to achieve most of its 2015 intervention targets. 
Strategies contributing to these successes were evaluated and informed 
the next strategic planning period
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MALARIA PREVALENCE IN REPUBLIC DEMOCRATIC OF THE 
CONGO: PRELIMINARY RESULTS IN 13 HEALTH ZONES
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Nsibu1

1University of Kinshasa, Kinshasa, Democratic Republic of the Congo, 
2National Malaria Control Program, Kinshasa, Democratic Republic of the 
Congo

Malaria remains a health problem in the DRC despite interventions today 
conducted a large scale. Few evaluations were conducted in the DRC on 
malaria, the country has very little information on the basic indices of 
malaria. This makes it difficult to evaluate the interventions and monitor 
their impact. A community survey was conducted in 13 health zones 
in different regions with different epidemiological characteristics The 
prevalence ranged from 0.4% to 42% respectively at Musienene in North 
Kivu Province and Kapolowe in Katanga Province. The average prevalence 

was 12.5%. With a mean parasitaemia of 356 trophozoites per microliterd 
with the highest parasitemia at 27300 trophozoites per microliter These 
results show that the malaria profil in DRC is vaery varoius and the control 
effort must be considered differently.
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HOW INFECTIOUS IS THE ASYMPTOMATIC RESERVOIR?

Hannah C. Slater1, Chris Drakeley2, Teun Bousema3, Azra Ghani1
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School of Tropical Medicine and Hygiene, London, United Kingdom, 
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In a malaria endemic population, many individuals will have asymptomatic 
infections. These individuals do not seek treatment, so continue to 
infect mosquitoes and continue transmission. In a time where malaria 
elimination is back on the agenda, identifying and treating these 
asymptomatic individuals is likely to be a key part of any elimination 
strategy. An important question yet to be answered is: how infectious is 
the asymptomatic reservoir, and how much of this reservoir do we need 
to target to drive the reproductive number of malaria below one? In 
this study we use a range of data sources from the published literature 
to estimate how infectivity varies across different age groups, different 
transmission settings, and across the transmission season. We also 
consider how parasite densities of asymptomatic populations vary, and, 
for a given time, how many of these infections are detectable using a 
diagnostic such as microscopy or RDT. A study from Burkina Faso estimates 
that 53% of infected individuals in a population have sub-microscopic 
parasite densities, and that these individuals contribute 24% to the 
infectious reservoir. We also find that in areas with high transmission, 
children are more infectious to mosquitoes than adults, therefore 
identifying and treating children could be a relatively more impactful way 
to reduce the infectious reservoir. Finally, we use the available information 
to validate an existing mathematical model of malaria transmission and 
to explore the implications of age- and location-specific infection and 
infectivity profiles on malaria control interventions.
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DECLINING PARASITE PREVALENCE AND IDENTIFICATION OF 
NON-PLASMODIUM FALCIPARUM INFECTIONS IN MALARIA-
ENDEMIC SOUTHWESTERN UGANDA
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Mwanga-Amumpaire3, Sunil Parikh1, Yap Boum II3
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Malaria transmission in Uganda is remarkably heterogeneous, and declines 
in prevalence have not been uniform. Previous surveys in southwestern 
Uganda have shown declines in parasite prevalence from 2004 to 2010. 
In order to assess the current status of malaria control, we conducted a 
multi-stage cluster sampling cross sectional survey for malaria infection 
using rapid diagnostic tests and microscopy. 631 children under five years 
of age were sampled from three districts, previously characterized as 
low (Mbarara), intermediate (Bushenyi), and high (Isingiro) transmission 
intensities. Blood samples were collected to determine the presence of 
parasitemia using the following: (1) a combined Plasmodium HRP-2/LDH 
rapid diagnostic test (RDT) (SD Bioline Malaria Ag P.f/Pan), (2) microscopy, 
and (3) PCR testing for species confirmation. Prevalence of parasitemia was 
higher by RDT compared to microscopy (6.2% (95% CI: 4.3-8.1) vs. 3.2% 
(95% CI: 1.8-4.5)). By district, parasitemia prevalence was 1.2% (3/242) in 
Mbarara, 3.2% (5/157) in Bushenyi, and 5.2% (12/232) in Isingiro. All 20 
microscopy positive cases were detected by RDT. Of the 19 cases detected 
only by RDT, 7 (36.8%) reported having been treated for malaria within 
the past month. Notably, of the 20 microscopy positive children, 50% 
(10/20) were infected with P. falciparum, 40% (8/20) with P. malariae, 
and the remaining 2 children were P. vivax and P. ovale mono-infections. 
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Knowledge, attitudes, and practice regarding malaria prevention were also 
assessed, revealing a high proportion of households reporting bednet use 
(91.6%), but only a small fraction of households participating in indoor 
residual spraying (0.8%). Our preliminary findings indicate continued 
significant strides in malaria control over the past 10 years in southwestern 
Uganda. Combined HRP-2/LDH correctly identified all microscopy positive 
cases. Most notably, our survey reveals a striking shift in species prevalence 
in this region of Uganda, with nearly 50% of asymptomatic children 
infected with non-falciparum species. PCR confirmation of screening 
results is currently underway and will be presented.
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MALARIA INFECTION AND GAMETOCYTE CARRIAGE RATE, 
ASSESSED IN A COHORT OF ADULTS DURING MALARIA 
TRANSMISSION BLOCKING ASSAY DEVELOPMENT IN 
BANCOUMANA, MALI
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For malaria elimination/eradication, transmission blocking tools are 
key interventions to be integrated into existing control strategies. 
Epidemiological characterization of the transmission reservoirs in endemic 
countries are being evaluated in targeted populations prior to the start 
of phase 1 or 2 transmission blocking vaccine clinical trials in order 
to support study designs and analysis plans. From 2011 to 2014, we 
have followed a dynamic cohort of adults aged from 18 to 50 years, 
in Bancoumana, Mali, in order to improve assays that support trials of 
transmission blocking vaccines. After community permission, individual 
informed consent was obtained for each volunteer. Both National Institute 
of Allergy and Infectious Diseases/NIH in USA and FMPOS IRB in Mali 
approved the study protocol and informed consent documents. Volunteers 
were screened monthly for malaria parasites and gametocytes carriage. 
Passive surveillance and care were also provided to volunteers in cases of 
illness throughout the duration of the study. Malaria smears were stained 
using Giemsa and assessed by two different readers for the presence of 
malaria parasites. In November, a peak month for parasite carriage, the 
Plasmodium falciparum infection rates were: 22.58 (14/62), 25.79 
(57/221), 32.94 (28/85), respectively in 2011, 2012 and 2014. Likewise, 
October, a peak month for gametocytes carriage, the gametocyte carriage 
rates were: 8.57 (6/70), 10.07 (30/298), 6.82 (6/88), respectively in 2011, 
2012 and 2014. There were no statistically significant differences seen, in 
the Plasmodium falciparum infection rate or the gametocyte carriage 
rate between the different years of the study during the peak months 
of carriage. Malaria infection and gametocytes carriage are sufficiently 
prevalent in the adult population at the study area to conduct trials that 
assess the activity of transmission blocking vaccines. 
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It is suspected that anarchical urbanization, presence of mosquito vector 
with high adaptability to urban environments, arrival of infected individuals 
to communities with low levels of immunity and deficiency of sanity and 
infrastructure contributes to establishment of malaria transmission in 
urban and peri-urban areas. A number of malaria endemic municipalities in 
Colombia (n=17) have been reported by the National Surveillance System 
as having urban malaria transmission, although there is poor evidence 
for the presence of autochthonous urban cases. A pilot study is being 
conducted in Quibdó the municipality with highest amount of reported 
cases in order to ascertain urban malaria transmission. The study includes 
malaria active case detection (ACD) and passive case detection (PCD) both 
followed by a reactive case detection (RCD), to assess epidemiological 
and entomological dynamics in selected urban and peri-urban settings. 
Adult Anopheles mosquitos collected by human landing catches and larval 
habitats are being searched neighborhood of malaric houses in urban, 
peri-urban settings. Preliminary data has been collected from a total of 68 
houses with 390 inhabitants in the peri-urban (Cabi and Casablanca) and 
urban neighborhoods by ACD. Two positive cases were detected by thick 
blood smear (1Pv, 1 Pf) whereas qPCR detected eight (3Pf 5Pv). So far only 
1 case (Pv) has been recorded among urban patients who reported not 
having visited endemic areas. RCD of this urban case indicated that neither 
the family nor neighbors had malaria, in contrast, the RCD of the other 
seven positive cases confirmed by qPCR as index cases indicated that: In 
peri-urban areas, Casablanca none of the family members of one of the 
cases was infected, whereas a neighbor of a second case was positive (Pf). 
In Cabi, a total of 13 additional cases were found in index case homes 
and 11 more in neighbors’ houses. Of 298 adult mosquitos collected 75% 
were from rural area, 23% peri-urban area and only 1 specimen (0.3%) 
urban area where no larvae habitats were found. This data clearly indicate 
that transmission in Quibdó is mainly peri-urban with so far no evidence 
for urban transmission.
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Corine K. Karema1, Alphonse Rukundo1, Allan Kabayiza1, Kaendi 
Munguti2, Agnes Binagwaho3, Abdisalan M. Noor4

1Malaria and Other Parasitic Diseases Division, Kigali, Rwanda, 2President’s 
Malaria Initiative-United States Agency for International Development, 
Kigali, Rwanda, 3Ministry of Health, Kigali, Rwanda, 4INFORM, Spatial 
Health Metrics Group, Department of Public Health Research, KEMRI/
University of Oxford-Wellcome Trust Research Programme, Nairobi, Kenya

Rwanda has achieved signficant progress in scaling up malaria control 
interventions with reductions of more than 50% of malaria prevalence 
and incidence countrywide. Rwanda is now considered to be on target 
to achieve malaria pre-elimination by 2018. However, recently the NMCP 
Rwanda reported rise of malaria cases for the past 3 years which threatens 
to undermine these gains. The aim of our study was to investigate the 
trends in malaria over a 13-year period (2001-2014) and to evaluate the 
impact of malaria control interventions on malaria burden in Rwanda. 
Monthly health facility data on countrywide confirmed malaria cases from 
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the Rwanda Health information system were assembled for the period 
2001-2014. Data were aggregated by district, province and national levels. 
Time series analaysis was undertaken to describe the trends in malaria 
cases, slide positivity rate, crude case incidence and the proportion of 
outpatients attendances that were due to malaria. These were matched 
with a timeline of changes in climate indices, policy and malaria control 
interventions to contextualise the observed trends. From 2001 there 
was a generally declining trend in malaria slide positivity rate while cases 
numbers were lower compared to the peak of 2005. However, compared 
to 2011, when the lowest case numbers and slide positivity rates were 
recorded, there was an increase in the malaria burden. The highest 
increase for the last 3 years was in the districts of Eastern and Southern 
provinces located in high malaria transmission zones bordering the high 
transmission countries . Some of the peaks appear to correspond to 
lagged rainfall and temperature changes as well as low malaria control 
interventions effective coverage. In conclusion, malaria cases have steadily 
increase in Rwanda in the last three years in Rwanda despite substantial 
scale up in malaria control. The increase in malaria control interventions 
coverage appear to result in a declining trend as was observed between 
2005-2008 and 2010-2011. A detailed empirical analysis is required to 
determine the key drivers of the rising trend.
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POPULATIONS: PILOT OF A CASE-CONTROL METHODOLOGY 
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Targeting interventions to populations at high-risk for malaria infection 
remains a challenge in meeting Namibia’s elimination target for 2020. 
To effectively target infections, it is crucial to better understand the 
demographic, occupational and geographic risk factors for malaria. A 
case-control methodology, termed the Malaria Elimination Risk Factor 
Assessment Tool (MERFAT), was piloted between February and May 2015 
in Zambezi Region, in order to locally characterize high risk groups and 
inform intervention strategies. All malaria cases confirmed by RDT at six 
randomly selected health facilities were included in the study. Controls 
were age and gender-matched to cases using frequency matching within 
broad categories and allocated to health facilities based on probability 
proportional to size of the health facility catchment population. Following 
an incident case, the first eligible patient who (i) tested negative for 
malaria by RDT or microscopy and (ii) matched a site-specific control 
profile was recruited into the study, with an aim of matching all cases 
within a two-week period. Multivariate logistic regression was used 
to evaluate potential environmental, socio-demographic, intervention, 
behavioral and travel-related risk factors. Spatial patterns of malaria risk 
were also analyzed. We will present descriptive statistics of the case and 
control study populations and evaluate spatial clustering of infection over 
the study area. We will also present results from the risk factor analysis, 
including assessment of environmental, sociodemographic, intervention, 
behavioral and travel-related risk factors. Implications for targeting local 
intervention strategies by geographical location and to profiled high-risk 
characteristics will be discussed, as well as the use of these methods as a 
programmatic tool in elimination settings.
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Recently, we demonstrated that antibodies (Abs) to a novel malarial 
vaccine candidate, Plasmodium falciparum schizont egress antigen-1 
(PfSEA-1), are associated with protection from severe malaria in children. 
Few studies have evaluated the impact of passively transferred cord 
blood anti-malarial Abs on the development of antimalarial Abs following 
natural exposure in early childhood. The objectives of this study were to 
a) longitudinally assess the relationship between parasite densities and 
subsequent anti-PfSEA-1 Ab levels among young children and b) evaluate 
whether higher levels of maternal Abs modified the relationship between 
natural exposure and development of infant anti-PfSEA-1 Ab. A total of 
646 Tanzanian infants born between 2002 and 2005 were monitored 
every 6 months for anti-PfSEA-1 Ab levels until 30 months of age. We 
used two-way repeated measures analysis of variance to evaluate the 
changes in anti-PfSEA-1 Ab levels across three levels of both cord blood 
anti-PfSEA-1 Ab and cumulative parasite density in the preceding six 
months. Anti-PfSEA-1 Ab levels decreased up to 6 months of age and 
then began to increase until 24 months. Parasitemia within 6 months after 
birth induced significantly higher anti-PfSEA-1 Abs at 6 and 12 months 
compared to the group without parasitemia (P < 0.05). At 6, 12, and 24 
months of age, infants with the highest tertile of average parasite densities 
for 6 months prior had significantly higher anti-PfSEA-1 level than the 
non-parasitemic group (P < 0.05). Cord blood Ab level did not modify the 
relationship between parasite density in preceding six months and infant 
anti-PfSEA-1 Ab level, (P < 0.05) suggesting cord blood Ab endowment 
does not interfere with Ab development during natural exposure. Malaria 
exposure influenced anti-PfSEA-1 Ab levels in infants longitudinally, 
and cord blood anti-PfSEA-1 Ab levels did not dampen acquisition of 
anti-PfSEA-1 Abs during natural exposure, suggesting that vaccinating 
pregnant women is unlikely to interfere with naturally acquired immune 
responses to PfSEA-1.
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As plans develop to eliminate malaria from Greater Mekong Subregion in 
hopes of stopping the dissemination of artemisinin-resistant Plasmodium 
falciparum, malaria infection without clinically recognizable illness is 
being targeted for drug treatment. It has long been recognized that 
asymptomatic malaria is common in semi-immune people in parts of sub-
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Saharan Africa where malaria transmission is moderate or high, and that 
asymptomatic malaria during pregnancy in these regions is associated with 
adverse pregnancy outcomes. However, studies of asymptomatic malaria 
are very limited in areas of low malaria transmission such as Myanmar, 
particularly in pregnant women. We conducted a prospective longitudinal 
cohort study of pregnant women in 12 villages in Shwe Kyin and Madaya, 
two rural townships in Bago and Mandalay Regions, respectively, in 
Myanmar, to estimate the prevalence of asymptomatic malaria over time. 
Co-infections including HIV and intestinal helminths were also diagnosed. 
A total of 699 pregnant women making their first antenatal visit to a rural 
health center were enrolled between August 2013 and October 2014, 
and followed monthly for clinical and laboratory evaluations. Blood was 
collected for hemoglobin measurement, microscopic and PCR analysis of 
P. falciparum and P. vivax malaria, and rapid diagnostic testing of HIV. 
Stool was collected for microscopic examination of ova and parasites and 
speciation of intestinal helminths. In preliminary analyses, the prevalence 
of falciparum malaria at enrollment ranged from 3-15% and the 
prevalence of vivax malaria was less than 1%, and only one participant 
tested positive for HIV. Results from laboratory analyses, including the 
sequence analysis of K13 molecular marker associated with artemisinin 
resistance, and longitudinal dynamics of falciparum and vivax malaria will 
be presented. Preliminary data suggest that the burden of asymptomatic 
malaria in pregnancy in Myanmar is higher than expected at some sites, 
and heterogeneous across the study sites.
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Recent reductions in the burden of malaria observed in many malaria 
endemic areas have mainly been due to improved coverage of malaria 
control interventions. To track the progress from these interventions 
and assess their impact, changes in malaria transmission and in the 
disease and immunity patterns needs to be monitored regularly in areas 
where these interventions are deployed. In a prospective cohort study, 
we enrolled 1402 individuals of all ages and of both genders from 
168 households in Gambissara(GMB), Sare Bondo(SBND), Fula Morie 
Boche(FMB) and Sare Jawbe(SJWB) villages located within distance of 3 
to 11 kilometres from each other in the upper river region (URR) of The 
Gambia. Over malaria transmission seasons of 2012, 2013 and 2014, 
we followed up the cohort via cross sectional surveys at beginning and 
at the end of each transmission season to determine parasite prevalence 
by microscopy. In addition, filter paper blood spots for later polymerase 
chain reaction analysis and blood samples for later haemoglobin typing 
and determination of prevalence of antibodies to selected malaria parasite 
antigens were collected at each survey. Results of 2012 surveys showed 
malaria prevalence was 1.6%(19/1147),10.9%(7/65), 18.1%(21/116) 
and 29.4%(20/68) at the beginning of transmission season and 
10.7%(97/907), 14.3%(8/56), 35.2%(38/108), and 60.3%(35/58) at the 
end of the transmission season in GMB, SBND, FMB and SJWB villages 
respectively. In 2013, malaria prevalence was 2.6%(25/969), 8.1%(5/62), 
20.0%(19/95) and 26.2%(16/61) at the beginning of transmission season 
and 4.6%(42/896), 5.4%(3/55), 20.3%(21/103), and 40.0%(21/53) at 
the end of the transmission season in GMB, SBND, FMB and SJWB villages 
respectively. In 2014, malaria prevalence was 3.4%(31/906), 6.4%(4/62), 
14.0%(14/102) and 42.2%(21/54) at the beginning of transmission season 
in GMB, SBND, FMB and SJWB villages respectively. The wide differences in 
malaria prevalence consistently observed between our study villages over 
three transmission seasons suggests heterogeneity in malaria transmission 
in the URR of The Gambia. 

1583
FOCAL TRANSMISSION OF MALARIA: PREVALENCE AND 
INCIDENCE OF MALARIA IN DANGASSA VS. BAMOGOLA IN 
MALI FROM 2012 TO 2014

Mahamoudou Toure1, Sory I. Diawara1, Daouda Sanogo1, 
Nafomon Sogoba1, Sekou F. Traore1, Seydou Doumbia1, Donald J. 
Krogstad2

1University of Science, Technologies and Techniques, Bamako, Mali, 
2Tulane University, New Orleans, LA, United States

During the past decade, the Government of Mali has launched a number 
of interventions to improve the prevention and treatment of Plasmodium 
falciparum malaria among the most vulnerable subgroups within the 
population. The purpose of this study was to examine the prevalence and 
incidence of P. falciparum malaria in Dangassa, a village located in an 
area of Mali with intense seasonal transmission. In 2011 we performed a 
census to select a representative sample of 1412 persons from the general 
population. Because we used a household-based sampling approach, once 
a household was selected, all the members of the household were invited 
to participate in the study. We then performed five serial (longitudinal) 
surveys to estimate the prevalence of parasitemia (infection) in the study 
population at the beginning and the end of the transmission season and 
during the dry season. A clinician based in Dangassa throughout the year 
was responsible for passive case detection (PCD) during those two and a 
half years in order to assess the incidence of malarial disease. Standard 
methods such as rapid diagnostic tests and positive thick smears were used 
to identify P. falciparum infection and thus to estimate the prevalence of 
infection and the incidence of disease (based on PCD). The prevalence of 
parasitemia (infection) varied with the season from 10% in June (at the 
beginning of the transmission season) to 39% in October (at the peak of 
the transmission season). A similarly low prevalence of 9% was observed 
during the dry season in February. These variations in the prevalence of 
infection are consistent with the PCD data which indicate that 55% of 
malaria cases occurred during the four month period from August to 
November. In addition, 60% of the severe malaria cases occurred during 
October and November. Despite the use of multiple interventions such 
as insecticide-treated bed nets for malaria prevention, the prevalence of 
infection (parasitemia) remains high in Dangassa among all age groups 
during the transmission season. Interventions such larviciding and seasonal 
malaria chemoprevention may be required to further reduce the burdens 
of infection and disease in such communities.

1584
MALARIA IN GOLD-MINING AREAS IN COLOMBIA

Angélica M. Castellanos1, Cristhian Morales2, Cindy Alegría2, 
Pablo Chaparro3, Julio Padilla4, Myriam Arévalo-Herrera5, Sócrates 
Herrera2

1Malaria Vaccine and Drug Development Center, Cali, Colombia, 
2Caucaseco Scientific Research Center, Cali, Colombia, 3National Institute 
of Health of Colombia, Bogotá, Colombia, 4Ministerio de Salud y 
Protección Social, Bogotá, Colombia, 5Facultad de Salud, Universidad del 
Valle, Cali, Colombia

Despite significant decrease in recent years, malaria remains a major public 
health problem in Colombia. Among the multiple factors contributing 
to malaria maintenance, gold mining appears to play a major role. 
During the last decades, gold mining mostly illegal and associated to 
the military conflict, has significantly expanded in Colombia in areas 
with limited health care and disease prevention for the National Malaria 
Control Program, as well as their efficacy and generate a great negative 
impact on the socio-economic structure of the mining communities. In 
order to set up the bases for more effective malaria control strategies a 
descriptive study has been carried out to characterize the epidemiology 
and transmission of malaria in gold mining areas. The study focused 
on determining the prevalence of malaria cases in mining districts of 
Colombia. Approximately 31.6% of malaria cases from gold mining 
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district were reported from Nordeste Antioqueño (Antioquia), Montelibano 
(Córdoba) and from Buenaventura (Valle del Cauca) in the Pacific Coast. 
In Itsmina mining district (Chocó), it was found that 58.5% of malaria 
cases (165/282) displayed clinical symptoms some of them with (52/165) 
warning signs, and 52.8% in adolescents (< 18 years old). While on the 
study in Buenaventura was detected that 33% (162/492) of the cases 
occurred in miner worker specifically from Zaragoza, a rural site near 
the city which contributed 89% of total cases of the region; most of 
them (34%) asymptomatic only detectable by PCR. In conclusion, gold 
mining represents a specific epidemiological scenario of high risk for 
malaria transmission in communities engaged in this activity. The constant 
generation of small and temporary mines creates mosquito breeding sites 
which make it difficult to establish a profile of the vector species involved 
in transmission. Intervention strategies in the mining population have not 
been evaluated but are potentially useful to reduce the disease burden. 
The impact on the socio-economic structure of the mining communities 
help to maintain or increase malaria when mining populations migrate 
from or to malaria naïve communities.

1585
PARALLEL DECLINES IN MALARIAL AND NON-MALARIAL 
CHILDHOOD FEBRILE ILLNESS IN WESTERN KENYA

Alastair I. Matheson1, Ondari Mogeni2, Allan Audi3, Godfrey 
Bigogo3, Jennifer R. Verani4, Jon Wakefield1, Judd L. Walson1, Joel 
M. Montgomery4

1University of Washington, Seattle, WA, United States, 2Kenya Medical 
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Much of sub-Saharan Africa has recently seen substantial declines in 
malaria-related childhood morbidity due, in part, to effective control 
interventions. This has implications both for the etiologies of acute febrile 
illness (AFI) and demand for healthcare services. Overall childhood AFI 
may decline in parallel with malaria or, alternatively, non-malarial AFI 
may increase due to a reduction in asymptomatic parasitemia that was 
previously misclassified as malarial AFI. Current research has only described 
changes in rates of malaria rather than AFI overall. We used data from 
an area of high malaria transmission to examine this issue. We included 
11,560 records of visits of children (<5 years) to an outpatient clinic in 
western Kenya from Jan. 1, 2009-Dec. 31, 2014. AFI was defined as 
temperature of ≥38.0°C from any cause and malaria by a positive smear 
result. We used quasi-Poisson regression to explore changes in counts 
of total, malarial, and non-malarial AFI, and quasi-binomial regression to 
examine the change in proportion of AFI that was malaria positive. We 
compared outpatient data with rates of self-reported AFI during regular 
household visits over the same period. There was marked seasonal 
variation in numbers of clinic visits for both malarial and non-malarial AFI, 
with some commonality to the patterns. We found similar rates of decline 
for numbers of total, malarial, and non-malarial AFI visits (0.76%, 0.79%, 
and 0.72% per month, respectively, P<0.01 for all three rates). The 
probability of a febrile child having malaria varied seasonally but remained 
constant across each year (P<0.748). Self-reported AFI from household 
surveillance declined at a slightly greater rate (0.94% per month, 
P<0.001). We found no evidence of change in the ratio of malarial to 
non-malarial AFI; both decreased at similar rates and may reflect a general 
improvement in the population’s health. Non-malarial AFI declines may 
also stem from introduction of the pneumococcal conjugate vaccine or a 
link between malaria and risk of other AFI etiologies. Long-term reductions 
in outpatient AFI morbidity may be driven by factors other than malaria 
control programs.

1586
GENOME-WIDE ANALYSIS AND DIVERSITY OF PLASMODIUM 
FALCIPARUM IN SOUTHWESTERN NIGERIA

Muyiwa K. Oyebola1, Emmanuel Idowu2, Adeola Olukosi1, 
Olusola Ajibaye1, Olubunmi Otubanjo2, Samson Awolola1, Alfred 
Amambua-Ngwa3

1Nigerian Institute of Medical Research, Lagos, Nigeria, 2University of 
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The burden of malaria is especially high in sub-Saharan Africa. Varying 
selection caused by differences in host immunity and antimalarial drug 
pressure leads to evolutionary changes responsible for high level of genetic 
variations in the parasite. Effective control methods require population-
specific genetic studies to survey for genes under polymorphisms as a 
result of the influence of drug pressure or host immunity. We performed 
a genome-wide analysis of Nigerian isolates of Plasmodium falciparum 
and used frequency based neutrality test (Tajima’s D) and integrated 
haplotype score (iHS) to identify genes under selection. Fourteen shared 
iHS regions that had at least 2 SNPs with a score > 2.5 were identified. 
These regions contained genes that were likely to have been under strong 
directional selection. Two of such genes were chloroquine resistance 
transporter (CRT) located in chromosome 7 and multidrug resistance 1 
(MDR1) located in chromosome 5. There was a weak signature of selection 
in dihydrofolate reductase (DHFR) in chromosome 4 and MDR5 genes 
in chromosome 13 with only 2 and 3 SNPs respectively identified within 
the iHS window. Although there was no evidence of recent directional 
selection in dihydropteroate synthase (DHPS) gene in chromosome 8, 
there exists strong selection pressure attributable to continued chloroquine 
and sulfadoxine-pyrimethamine use despite the official proscription; 
hence the re-introduction of the drug as was done in other endemic 
countries after a period of withdrawal may yet be inappropriate. There 
was also a major selective sweep on chromosome 6 which had 32 SNPs 
within the shared iHS region. Tajimas’s D values were mostly negative 
with a mean value of -0.86. One hundred and twelve genes (3.59%) 
had positive values. Tajima’s D values of Circumsporozoite Protein (CSP), 
Erythrocyte-Binding Antigen (EBA-175), Merozoite Surface Proteins - MSP3 
and MSP7, Merozoite Surface Protein Duffy Binding-Like (MSPDBL2) 
and Serine Repeat Antigen (SERA-5) were 1.38, 1.29, 0.73, 0.84 and 
0.21 respectively. These positive values suggest their candidacy as target 
antigens of host immunity.

1587
COMPLEXITY OF INFECTION, DIVERSITY AND DRUG 
RESISTANCE IN CAMBODIAN PLASMODIUM VIVAX

Lindsey R. Friedrich1, Jean Popovici2, Didier Menard2, David 
Serre1

1Genomic Medicine Institute, Lerner Research Institute, Cleveland Clinic 
Foundation, Cleveland, OH, United States, 2Institute Pasteur in Cambodia, 
Phnom Penh, Cambodia

In Cambodia, malaria is one of the foremost public health problems, with 
2.5 of the estimated 13 million inhabitants living at risk of contracting 
the disease. Despite the implementation of extensive control efforts, the 
number of reported malaria cases attributed specifically to Plasmodium 
vivax has significantly increased since 1997 and treatment failure to 
chloroquine (CQ) has been reported. In absence of reliable long-term 
in vitro cultures, measures of genetic diversity by using neutral single 
nucleotide polymorphisms (SNPs) are useful to characterize P. vivax 
population structure, assess impacts of control efforts, and identify 
and track parasites lineages through space and time. We developed 
a genotyping technique to amplify and sequence 130 selected SNPs 
distributed throughout the P. vivax genome that are highly variable 
among Cambodian P. vivax isolates. We first applied this assay to 401 
P. vivax-infected patients recruited from nine study sites throughout 
Cambodia between 2004 and 2013. Our analyses revealed that most P. 
vivax infections in Cambodia (92%) are polyclonal and confirmed the 
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high genetic diversity of this population. Interestingly, our analyses showed 
that the proportion of monoclonal infections significantly increased 
between 2004 and 2013 suggesting that the control strategies against 
vivax malaria in Cambodia may be successfully affecting the parasite 
population. We then analyzed with the same method, blood samples from 
23 P. vivax infected patients collected before treatment and every eight 
hours after CQ treatment to evaluate the relative susceptibility of each 
clone to CQ compared to the original infection. Combined with on-going 
whole genome sequencing of the parasites before treatment, these data 
will enable us to conduct a genome wide association study to hopefully 
identify polymorphisms underlying CQ susceptibility in P. vivax.

1588
A SPATIAL GENETIC-EPIDEMIOLOGICAL MODEL OF MALARIA 
PARASITE TRANSMISSION

Edward A. Wenger
Institute for Disease Modeling, Bellevue, WA, United States

A model of malaria transmission dynamics is presented that tracks the 
full genomes of individual Plasmodium falciparum infections including 
outcrossing of strains both within and between infections. We explore 
quantitatively the relationship between transmission intensity and genetic 
observations, for example the repeated observations of identical and 
closely related strains and their persistence across successive transmission 
seasons. Extending to a spatially connected network of human and 
parasite populations, we model the sensitivity of genetic sequencing to 
identify the relative contributions of local hotspots versus re-importation 
in sustaining transmission in pre-elimination settings. Finally, we model the 
effects of local transmission intensity and anti-malarial drug pressure on 
the population-level genetic signatures of emerging drug resistance.

1589
ROBUST SCORING OF MICROSATELLITE MARKERS FROM 
NEXT GENERATION SEQUENCING IN PLASMODIUM 
FALCIPARUM

Ian H. Cheeseman1, Shalini Nair1, Standwell Nkhoma2, Marina 
McDew-White1, Ashley M. Vaughn3, Richard Pinapati4, Aung P. 
Phyo5, Kanlaya Sriprawat5, Francois Nosten5, Stefan H. Kappe3, 
Mike T` Ferdig4, Timothy J. Anderson1
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There are enormous numbers of microsatellites repeats (~1 microsatellite 
every 650bp) in the genome of the malaria parasite, Plasmodium 
falciparum. These markers are multiallelic and therefore more informative 
than SNPs for many research questions, yet they are problematic to score 
using next generation sequence data, and remain an untapped source 
of genetic variation for population genomic analyses. We used three 
approaches to validate scoring of microsatellite loci from next generation 
sequence data: (1) we sequenced the progeny of a genetic cross (n=14), 
and examined microsatellite calling in genome regions inherited from 
each parent; (2) we sequenced (in duplicate) parasites from a mutation 
accumulation experiment (n=38), and measured reproducibility and 
accuracy of scoring in >36K microsatellite loci throughout the parasite 
genome. (3) We compared microsatellite genotypes in genome sequence 
data from 6 single clone patient samples that had previously been 
scored for 335 microsatellites using traditional capillary electrophoresis. 
These analyses define the robustness with which microsatellites bearing 
different sequence motifs can be scored, and provide a map of callable 
microsatellites for large scale analysis of malaria parasite populations. To 
examine the utility of these markers for population genomic analyses, we 
determined genome-wide patterns of microsatellite variation in sequence 
data from 50 isolates obtained from a focus of emerging drug resistance in 

South-East Asia. We identify loci under strong, recent, positive selection in 
these samples, including known drug resistance loci, and we recapture the 
kelch locus underpinning artemisinin resistance.

1590
PATTERNS OF PLASMODIUM FALCIPARUM GENOTYPES IN 
AN AREA OF LOW MALARIA TRANSMISSION IN SOUTHERN 
ZAMBIA

Kelly M. Searle1, Ben Katowa2, Tamaki Kobayashi1, Mwiche 
Siame2, Sungano Mharakurwa3, William J. Moss1

1Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States, 2Macha Research Trust, Macha, Zambia, 3Biomedical Research 
Training Institute, Harare, Zimbabwe

Understanding the epidemiologic patterns of local malaria transmission 
and importation is crucial to achieving elimination and preventing re-
introduction. A 24 single nucleotide polymorphism (SNP) Plasmodium 
falciparum molecular barcode has been used to identify and track 
circulating parasite populations. This molecular barcode was used to 
determine the genetic diversity and complexity of the circulating parasite 
population among malaria infected participants enrolled in a population-
based, serial cross-sectional cohort study in Choma District, southern 
Zambia from 2008-2013. In this region the prevalence of malaria by rapid 
diagnostic test decreased from 8% in 2008 to <1% in 2013. Parasite DNA 
was extracted from dried blood spots from approximately 100 infected 
participants using the Chelex method. DNA pre-amplification specific to 
the target sites of each of the 24 SNPs was performed because of the 
low level of parasitemia. The molecular barcoding was performed using 
TaqMan genotyping assays on the Applied Biosystems StepOne and the 
Roche Lightcycler. Genotype results were assigned using each system’s 
software. When the software was not able to identify the allele, the 
call was made manually. A subsample of duplicates was analyzed using 
both the Applied Biosystems and Roche platforms to validate the results. 
Analyses were conducted to determine the number of identical molecular 
barcodes within each year and persistent molecular barcodes between 
years. The proportions of mixed infections and polygenomic molecular 
barcodes were calculated for each year and compared across all years. No 
identical barcodes were identified within any year or between years. The 
proportion of samples with mixed infections was high for all years with an 
increasing trend as prevalence declined (90% in 2008, 94% in 2009, and 
100% in years 2010-2013). The proportion of samples with polygenomic 
molecular barcodes decreased from 85% in 2008 to 73% in 2010, then 
increased to 92% in 2011 and 100% in 2012 and 2013. The results 
suggest that as malaria prevalence declined, local transmission ceased, and 
all infections were imported.

1591
COMBINATION OF HEMOGLOBIN-Α2 PROMOTER VARIANTS 
AND THALASSEMIA-Α3.7 DELETION IS ASSOCIATED WITH 
PLASMODIUM FALCIPARUM ANEMIA

Zachary S. Karim1, Prakasha Kempaiah1, Samuel B. Anyona2, 
John M. Ong’echa3, Douglas J. Perkins1
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Alpha (α)+ thalassemia (α-thal) is a hemoglobinopathy induced by defective 
α-globin production which can be characterized by deletions in either 
or both hemoglobin (HBA1 and HBA2) genes. Amongst populations 
in sub-Saharan Africa, a 3.7kb (-α3.7) deletion of the region between 
HBA1 and HBA2 results in phenotypes of heterozygous (-α3.7/αα) and 
homozygous (-α3.7/-α3.7) carriers. Within sub-Saharan African populations, 
severe malarial anemia [SMA, hemoglobin (Hb)<5.0g/dL with Plasmodium 
falciparum infection], is a leading cause of morbidity and mortality, 
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particularly in children. In the present study, we utilized our findings from 
high-throughput genotyping [Human BeadChip’ (>2.45x106 markers)] 
and global gene expression arrays [HumanHT-12 v4 BeadChip (47,231 
probes)] to identify novel genetic variants. Among the list of significant 
novel genes, HBA2 emerged as an important gene associated with 
susceptibility to severe malaria in Kenya children (3-36mos). To validate 
the whole genome findings, we genotyped two functional promoter SNPs 
(rs1203833 and rs2974771) in HBA2 (n=1,668 study participants). To 
examine the influence of the α3.7 deletion on SMA, this genotype was also 
generated. Binary logistic regression analysis, controlling for covariates 
(age, gender, G6PD, HIV-1, bacteremia, and HbAS status) revealed 
that carriage of the TA haplotype (-1789T/-4314A) together with the 
homozygous α-thalassemia deletion (-α3.7/-α3.7) increased susceptibility to 
SMA (OR: 3.2, 95%CI: 1.2-8.4, P<0.05). These results demonstrate that 
variation in HBA2 in combination with α-thalassemia variants influence 
susceptibility to SMA.

1592
HAPLOTYPES WITHIN THE NFKB1 PROMOTER ARE 
ASSOCIATED WITH RISK OF SEVERE MALARIAL ANEMIA 

Elly O. Munde1, Zachary S. Karim2, Frank G. Onyambu3, Evans 
O. Raballah3, John M. Ong’echa3, Collins Ouma4, Prakasha 
Kempaiah2, Douglas J. Perkins2
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Understanding the molecular mechanisms involved in pathogenesis of 
severe malaria anaemia [SMA, hemoglobin (Hb)<5.0g/dL and any density 
parasitemia)] in children is a crucial step in the design of therapeutics 
interventions. Transcription factors are important in modulating cellular 
processes, such as immunity, since they are the primary regulators of gene 
expression. For example, nuclear factor of kappa light enhancer in B-cells 
(NF-κB) plays an important role in infectious and autoimmune disease 
pathogenesis through regulation of molecular pathways that generate 
soluble immune modulators (e.g. cytokines). Imbalances in immune 
modulators, such as IL-17, are central to the pathogenesis of childhood 
SMA. As such, we examined if genetic variation within the NFKB1 
promoter affected susceptibility to SMA. Functional association between 
NFKB1 variants (-3297 T>C, rs980455 and -8079A>G, rs747559), SMA, 
and production of IL-17 was, therefore, determined in children (n=1,065, 
aged 6-36 months) presenting with P. falciparum malaria in Siaya County, 
a holoendemic transmission area of Kenya. Bivariate regression analyses 
controlling for covariates revealed that carriage of the NFKB1 -8079A/-
3297C (AC) haplotype was associated with increased risk of SMA (OR 
1.60, 95%CI 1.10-2.40, P=0.012). The AC haplotype was also associated 
with reduced Hb levels (P=0.001) and low circulating IL-17 levels (P=0.018) 
determined by the Human Cytokine 25-plex Array (Invitrogen). Spearman 
correlation revealed that Hb and IL-17 levels were positively associated 
(ρ=0.151, P=0.027). Taken together, these results demonstrate that 
variation in the promoter of NFKB1 is associated with susceptibility to 
pediatric SMA, potentially through altering the downstream expression of 
inflammatory mediators, such as IL-17.

1593
ASSOCIATION BETWEEN INTERFERON GAMMA (IFN-Γ) 
PROMOTER HAPLOTYPES AND ERYTHROPOIESIS IN KENYAN 
CHILDREN WITH PLASMODIUM FALCIPARUM MALARIA

Evans Raballah1, Prakasha Kempaiah2, Zachary S. Karim2, Elly 
Munde3, Douglas J. Perkins4, John M. Ong’echa3
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Plasmodium falciparum malaria is among the leading causes of 
morbidity and mortality among African children. In P. falciparum 
holoendemic transmission areas of western Kenya, severe malaria 
commonly manifests as severe malarial anemia [SMA; hemoglobin (Hb) 
<5.0 g/dL, any density parasitemia] in pediatric populations. Interferon-
gamma (IFN-γ) is a pleotrophic cytokine associated susceptibility to severe 
malaria. Since the functional role of IFN-γ genetic variants in conditioning 
susceptibility to SMA remains largely unexplored, the association between 
single nucleotide polymorphisms (IFN-γ; -183 G/T, rs2069709 and -1616 
A/G, rs2069705), their haplotypic structures, and SMA were investigated 
in parasitemic children (n=744, aged 3-36 mos.) presenting at a rural 
hospital in Siaya, western Kenya. Bivariate logistic regression analysis, 
controlling for age, gender, sickle-cell trait, bacteremia, and HIV-1 status, 
demonstrated that relative to homozygous -1616 A (wild-type) individuals, 
carriage of GG genotype was associated with protection against reduced 
erythropoiesis [reticulocyte production index (RPI)<2] (OR, 0.564; 95% CI, 
0.323-0.983; P=0.043). Additionally, carriage of the GA haplotype was 
associated with protection against reduced erythropoiesis (OR, 0.500; 95% 
CI, 0.393-0.637; P<0.001). Conversely, GG (OR, 1.910; 95% CI, 1.504-
2.427; P<0.001) and TG (OR, 6.551; 95% CI, 1.399-30.679; P=0.017) 
haplotypes were associated with increased risk of reduced erythropoiesis. 
Taken together, these results suggest the association between variation in 
IFNG and SMA may be mediated through the impact of the variants on 
erythropoiesis

1594
AUTOMATED METHODS FOR HIGH-THROUGHPUT ANALYSIS 
OF PLASMODIUM MICROSATELLITE GENOTYPING DATA

Max Murphy1, Alanna Schwartz1, Yaobao Liu2, Jordan Kemere3, 
Michelle Hsiang4, Bryan Greenhouse1

1University of California San Francisco, San Francisco, CA, United States, 
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Microsatellite genotyping of Plasmodium infections offers some 
advantages, in particular the relatively large diversity present at each locus 
and the resultant ability to obtain information from mixed infections. 
However, manual classification of electropherogram peaks as true alleles 
versus artifact can make this process subjective and time-consuming. 
To overcome these barriers, we have developed software to analyze 
microsatellite data in a high throughput and automated manner. These 
processes include automated processing of raw data files to carry out 
basic quality control and identify spectral pull-up, storage of run data 
in a centralized database, robust automated peak detection, contextual 
algorithms exploiting patterns identified in artifactual peak stutter on a 
per microsatellite basis that allow for true peak classification, and a web-
based interface for manual curation of data. Using lab-cultured strains 
of Plasmodium falciparum (Pf) with known genotypes, we quantified 
segmental linear relationships between allele length and surrounding 
artifactual “stutter” peaks. With these relationships, we classified peaks 
as true alleles or artifact. Using 9 lab-cultured strains of Pf in 16 distinct 
double strain mixtures with relative parasite concentrations ranging from 
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2% to 98%, for a total 181 combinations, we identified true alleles 
for 9 microsatellite loci. Of these 9 loci, 2 were found to have complex 
artifact patterns, such as interactions between alleles, not well handled 
by a linear model and requiring manual curation. For the remaining 7, we 
identified true alleles with 94% specificity and 85% sensitivity. On a per 
microsatellite basis, specificity ranged from 83% to 98% and sensitivity 
ranged from 76% to 97%. Automated peak classification shortens time 
from experiment to results and reduces bias incurred by manual analysis 
and makes possible high-resolution genotyping.

1595
PRELIMINARY STUDY: DIFFERENT POPULATION STRUCTURE 
OF PLASMODIUM VIVAX BETWEEN SYMPTOMATIC AND 
ASYMPTOMATIC PATIENTS FROM PERUVIAN AMAZON
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Ananias Escalante2, Alejandro Llanos-Cuentas3, Joseph Vinetz4, 
Dionicia Gamboa1
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Different diagnostic methods have revealed a high frequency of 
Plasmodium vivax infections that occur without clinical symptoms. 
Furthermore little is known about its implications in the transmission 
dynamics of these infections and their relationship with the parasite 
population structure. The aim of this study was to explore the parasite 
population structure of symptomatic and asymptomatic patients from 
Cahuide, a rural community located 60 km away from Iquitos city. To 
achieve our goal, 20 microsatellites were amplified (a new set of 11 
markers and 9 previously reported) in a selected group of samples. In 
this way, 113 P. vivax positive field samples were collected in March (55 
samples) and June 2013 (58 samples) by active case detection. 25 Samples 
were excluded due to low parasitemia levels and the 88 remaining 
samples were used for microsatellite analysis. Microsatellite PCRs were 
performed and subsequently analyzed using an ABI PRISM 3100 avant 
genetic analyzer. Out of 88 samples, 24 were polyclonal whereas 64 were 
monoclonal, but just 50 had an almost-complete allele profile (75% or 
higher). Our results showed an average genetic diversity of 0.47 and 39 
haplotypes were found. Interestingly, the diversity found in June was 
greater than in March (0.58 and 0.38 respectively). Using Structure ver2.3, 
2 sub-populations (A and B) were found arranging by month (March 2013 
and June 2013) and by symptomatology (symptomatic and asymptomatic 
patients). In March sub-population A was mainly found in asymptomatic 
patients while sub-population B was predominant in the symptomatic 
ones. In contrast, in June sub-population A was predominant in the 
symptomatic patients and both sub-populations were equally distributed in 
the asymptomatic ones. This data suggests that the asymptomatic patients 
carrying sub-population A might have served as a reservoir for further 
infections of the symptomatic patients. This study provides a first approach 
of the role of asymptomatic patients in malaria transmission which should 
be considered within the malaria control strategies.

1596
A NEW ASSESSMENT OF THE TRANSCRIPTOMES OF PFSPZ 
AND THREE DAY LIVER STAGES

Malcolm J. Gardner1, Liliana Losada2, Yun Wu3, Sumana 
Chakravarty4, William Nierman2, B. Kim Lee Sim3, Stephen L. 
Hoffman4

1Global BioConsulting, Shoreline, WA, United States, 2J. Craig Venter 
Institute, Rockville, MD, United States, 3Protein Potential, Rockville, MD, 
United States, 4Sanaria, Rockville, MD, United States

Over the last 20 years, genomics, transcriptomics, and proteomics have 
provided fascinating insights into Plasmodium biology and pathogenesis, 
contributing to basic research and development of new diagnostics, 
drugs, and vaccines against malaria. The opportunity to understand the 
biology of sporozoites and exoerythrocytic stages has arisen due to the 
ability to produce large quantities of these stages for analysis. We assessed 
aseptic, purified, and viable P. falciparum salivary gland sporozoites, and 
sporozoites that were axenically transformed, morphologically similar 
to 3-day ‘liver stage’ parasites expressing new proteins. We used next 
generation sequencing to profile transcripts expressed in sporozoites, 
axenic 72-hr liver stages, and asexual stages in order to uncover the 
molecular, biochemical, and cell biological processes that occur across the 
parasite’s life cycle. 

1597
THE HUMAN PRENATAL ANTIBODY RESPONSES TO 
PLASMODIUM FALCIPARUM

Samuel Tassi Yunga1, Anna Babakhanyan1, Livo Esemu 
Forju2, Obadia Mfuh Kenji1, Jean-Claude Djontu2, Philomena 
Gwanmesia2, Emile K. Yuosembom2, Rose G. Leke2, Diane W. 
Taylor1

1University of Hawaii, Honolulu, HI, United States, 2The Biotechnology 
Center, University of Yaounde 1, Yaounde, Cameroon

In malaria endemic areas, the fetus may be exposed to malarial antigens 
in utero and produce sensitized B and T lymphocytes. Most of our 
knowledge of in utero responses to malaria comes from studies of full 
term newborns. Little is known about the timing of malaria-specific 
immune responses in utero. This study investigated the timing of in utero 
antibody (Ab) responses to P. falciparum (Pf) antigens. Since B1-cells are 
functional during prenatal life, the possibility of innate B1-derived Ab to 
Pf was also explored. Plasma samples from 600 Cameroonian neonates 
were studied: 373 full-term deliveries (FTD, ≥37weeks) and 227 pre-term 
deliveries (PTD, <28 weeks [n=33], 28-33 weeks [n=100] and 34-36 
weeks [n=94]). Since IgM does not cross the placenta, fetal IgM in cord 
plasma was quantified to a panel of 8 Pf antigens (PfAg) and to known 
B1 antigens phosphorylcholine (PC) and pneumococcal polysaccharides 
(PP). IgG to PfAg was also measured in culture supernatants of cord blood 
mononuclear cells (CB-MNC) (n=70). Placental malaria (PM) was assessed 
from placental impression smears. IgM to one or more PfAg was detected 
in 10.6% of the neonates, with similar prevalence and titers in PTD and 
FTD. IgM to PfAg was detected at 22 weeks of gestation and throughout 
the 2nd and 3rd trimesters. PfAg IgM was significantly associated with 
PM in PTD and FTD (p=0.01). The proportion of PC IgM responders was 
not influenced by PM (p=0.83) and 51% of PC IgM-positive newborns 
were Pf IgM negative, suggesting that in utero “innate” Ab were not 
directly induced by malaria. Overall, 65% of culture supernatants from 
70 CB-MNC cultures had IgG to one or more PfAg. In summary, the data 
show that fetal B cells made Pf-specific IgM Ab from as early as 22weeks 
of pregnancy through birth. Many of the newborns also had Pf-specific 
IgG-producing cells at delivery. B1-derived Ab were not associated with 
malaria. Studies are in progress to determine if in utero exposure to Pf 
leads to the production of short-lived antibody secreting cells or memory 
B cells.
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1598
IMMUNE PROFILING OF PLASMODIUM FALCIPARUM 
ENDEMIC SERA USING BESPOKE PROTEIN MICROARRAYS

Kevin K. Tetteh1, Danica Helb2, Federica Verra3, Teun Bousema4, 
Luisa Nunziangeli5, Andrea Crisanti6, Eleanor Riley1, Bryan 
Greenhouse2, Chris Drakeley1

1London School of Hygiene & Tropical Medicine, London, United Kingdom, 
2University of California San Francisco, San Francisco, CA, United States, 
3University of Rome “La Sapienza”, Rome, Italy, 4Radboud University 
Nijmegen Medical Centre, Nijmegen, Netherlands, 5Universita Degli Studi 
Di Perugia, Terni, Italy, 6Imperial College London, London, United Kingdom

The complex nature of the Plasmodium falciparum life cycle coupled 
with the further complexities of antigenic polymorphism presents a 
significant challenge for the design of an effective vaccine against malaria. 
There is a strong body of evidence that supports antigens expressed by 
P. falciparum merozoites as important targets of human immunity and 
therefore promising vaccine candidates. However, the specific targets 
of protective immunity remain elusive. Therefore identifying candidate 
antigens that correlate with a protective immune response remains a 
priority. We have developed an antigen production pipeline based on 
E. coli for the expression of purified recombinant antigens. By applying 
a number of in silico tools intended to aid the design of each antigen 
construct, we have focused on key regions, where appropriate, of each 
target gene avoiding the wholesale expression of candidate open reading 
frames. Using this approach we have been able to avoid difficult to express 
regions (e.g. transmembrane domains) and achieve expression of soluble 
constructs with a >90% success rate. Each antigen is then screened by 
ELISA and validated for reactivity to a subset of positive and negative 
control sera. Using protein microarrays we have screened approximately 94 
validated antigens, many of which represent new, previously undescribed 
targets across a range of lifecycle stages. So far this panel largely focusses 
on the merozoite stage (81%) but also includes proteins associated with 
the infected erythrocyte (18%) and sporozoite (1%) stages. Work is 
currently ongoing to address this unintended bias. Comparison of data 
between the protein microarray and ELISA platforms using key validatory 
antigens, PfMSP1-19 and PfAMA, showed a strong correlation between 
the platforms (r2=0.78 and 0.73, respectively). Antibody reactivities from 
350 individuals assayed at three time points (1050 sera total) from a region 
of high endemicity in Northern Uganda were used to determine reactivity 
profiles for each antigen. Preliminary analysis has identified a number 
of novel immune-reactive targets for prioritisation as putative vaccine 
candidates.

1599
IMPACT OF MALARIA, HYPERGAMMAGLOBULINEMIA, AND 
IMMUNE COMPLEXES ON TRANSPLACENTAL TRANSFER 
OF MALARIA-SPECIFIC AND ANTI-TETANUS TOXOID 
ANTIBODIES IN PAPUA NEW GUINEA

Fernanda L. Alvarado1, Indu Malhotra1, Phantica Yambo2, 
Jessica Atwell3, Célia Dechavanne1, Maria Ome-Kaius2, Peter Siba2, 
Stephen Rogerson4, Leanne J. Robinson2, Christopher L. King1

1Case Western Reserve University and Veterans Affairs Medical Center, 
Cleveland, OH, United States, 2Papua New Guinea Institute of Medical 
Research, Goroka, Papua New Guinea, 3Johns Hopkins School of 
Public Health, Baltimore, MD, United States, 4University of Melbourne, 
Melbourne, Australia

Malaria in pregnancy (MIP) can induce placental alterations 
(PM), malaria-specific immune complexes (IC), and/or maternal 
hypergammaglobulinemia (MHG) that may interfere with transplacental 
transfer of immunoglobulin G (IgG). To determine the relative roles 
of these factors in IgG transfer, 300 paired maternal and cord serum 
specimens were collected from two geographically similar cohorts in Papua 
New Guinea in 2005-08 (AXH) and after malaria control interventions 

2011-13 (FIS). We measured IgG levels detected by bead array recognizing 
20 P. falciparum (Pf) antigens and 14 P. vivax (Pv) antigens. ICs were 
measured using a C1q-based ELISA. Tetanus toxoid (TT) IgG levels served 
as controls. Placental malaria (PM) prevalence was 59%, MHG (≥1700mg/
dL) was 54%, and high IC (≥0.85 mg/ml) was 30% in the AXH cohort; 
compared to 10%, 7% and 10% respectively in the FIS cohort. Differences 
were statistically significant with p values of <0.0001, 0.0034, and 0.0004. 
The cord to maternal transfer ratio (CMTR) was significantly lower in the 
AXH cohort for almost all anti-malaria antibodies (Ab), compared to the 
FIS cohort (P <0.001). Impaired transport of malaria-specific IgG (CMTR 
<1) ranged from 66% to 92% in AXH compared to 48% to 84% in FIS. 
By contrast, transplacental transport of TT-specific IgG was the same 
between the two cohorts and averaged of 35% impaired transport. A 
multivariate model showed a strong negative effect of MHG (P=0.0013), 
but no association of PM or IC, on transplacental transfer of TT Ab. By 
contrast, impaired transplacental transfer of Pf and Pv antibodies was 
associated with MHG, PM and IC with p values of <0.01, <0.001, and 
<0.001 respectively. There was an interaction between MHG, PM and IC 
for some antigens, but those factors were also independently associated 
with impaired transplacental transfer of malaria-specific IgG.The negative 
correlation of PM and IC only with Pf and Pv Ab but not with TT suggest 
receptor saturation and/or trapping of Abs rather than impaired placental 
function are the primary factors reducing transplacental Ab transfer.

1600
THE TIMING OF MALARIA INFECTION DURING PREGNANCY 
INFLUENCES THE TYPE OF FETAL IMMUNE RESPONSE

Celia Dechavanne1, Roslyn Tobby2, Phantica Yambo2, Daisy 
Mantilla2, Alice Sato1, Maria Ome-Kaius2, Indu Malhotra1, Stephen 
Rogerson3, Peter Siba4, Leanne Robinson2, Christopher Lee King1

1Case Western Reserve University, Cleveland, OH, United States, 2Papua 
New Guinea Institute of Medical Research, Madang, Papua New Guinea, 
3University of Melbourne, Parkville, Australia, 4Papua New Guinea Institute 
of Medical Research, Goroka, Papua New Guinea

Epidemiological studies show that infants born to mothers with 
Plasmodium falciparum (Pf) malaria during pregnancy have a higher risk 
of malaria infection in early childhood. This increased risk is associated 
with whether the fetus has been exposed to malaria in utero and the 
generation of an immunoregulatory phenotype characterized by high 
IL-10 and low IFNg/IL-13 production that persists into early childhood. 
Why some fetuses acquire this immunoregulatory phenotype and 
others do not may relate to when the fetus is exposed to malaria during 
gestation. To examine this hypothesis, mothers were randomly assigned to 
receive intensive or limited malaria chemoprophylaxis during pregnancy. 
Depending on the gestational age at the time of enrolment and study 
arm, mothers were protected from malaria during defined times during 
pregnancy. Cytokine levels in cord plasma and/or cord blood mononuclear 
cells from 407 newborns defined the type of immune response. Cytokine 
responses were measured in culture supernatants, by flow cytometry of 
lymphocyte subsets and transcript levels by quantitative PCR following 
stimulation with Pf schizont extract and/or recombinant PfMSP1. 
Preliminary results indicate malaria exposure during the second trimester 
compared to the third trimester is associated with elevated IFNg and low 
IL-10 levels. By contrast the offspring of women exposed to malaria during 
the third trimester was associated with higher IL-10 levels relative to IFNg 
levels. More complete results will be available by the time of the meeting. 
These results suggest that the timing of malaria infection during pregnancy 
differently affects the newborns’ lymphocyte responses and thus 
implications for the timing and frequency of malaria chemoprophylaxis 
during pregnancy.
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1601
RELATING ANTIBODIES TO THE SURFACE OF PLASMODIUM 
FALCIPARUM-INFECTED ERYTHROCYTE WITH CLINICAL 
OUTCOMES

Oumar Attaher1, Kadidia B. Cisse1, Almahamoudou Mahamar1, 
Moussa B. Kanoute1, Bakary S. Diarra1, Sekouba Keita1, Adama 
Dembele1, Gaoussou Santara1, Djibrilla Issiaka1, Moussa Traore1, 
Bruce Swihart2, Patrick E. Duffy3, Alassane Dicko1, Michal Fried3
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In areas of high malaria transmission, immunity to disease develops more 
rapidly than immunity to infection. Proteins expressed on the surface of 
infected erythrocytes (IE) have been described as the targets of immunity 
to malaria. Chan et al 2012, reported that the presence of antibodies 
to 3D7 parasite line is associated with a reduced risk of developing 
symptomatic malaria. Here, in the context of a longitudinal birth cohort 
we examined prospectively the association between antibodies to surface 
IE of parasites circulating among the children and protection from clinical 
malaria and reduction in parasite density. The study was conducted in 
Ouelessebougou Mali, where malaria transmission is highly seasonal. 
Antibodies to IE surface proteins in plasma were measured by flow 
cytometry. The analysis included samples from 125 children at the end of 
the transmission season and at the end of the dry season. Median (range) 
age of the children at the two time points were 17.9 (6-32) and 21 (9.3-
39) months. IgG levels were defined as geometric MFI after subtracting 
MFI with uninfected erythrocytes and reactivity with plasma from naïve 
donors. On average children included in this analysis experienced 2.2 
malaria infections (range 0-12) and 1.4 clinical malaria episodes (range 
0-5). The proportion of parasite isolates recognized by the plasma samples 
and the level of reactivity did not predict protection from clinical malaria. 
Similarly, antibody reactivity with surface IE proteins was not associated 
with reduced parasite burden. Here, the children were younger than 
subjects included in previous studies that reported increased IE recognition 
with age that could account for the different results. Alternatively, we 
hypothesize that functional antibodies such as those that inhibit parasite 
adhesion may be more strongly associated with reduced risk of clinical 
malaria and parasite density, and these studies are ongoing. We will 
present data relating anti-adhesion antibodies with surface IE recognition, 
and the association between anti-adhesion antibodies to multiple 
receptors and the risk of malaria disease and parasite density.

1602
MALAWIAN NEWBORNS SHARE A VARIANT SURFACE 
ANTIGEN ANTIBODY REPERTOIRE WITH THEIR MOTHERS 
THAT IS AFFECTED BY MATERNAL MALARIA INFECTION IN 
PREGNANCY

Mark Travassos1, Jenny A. Walldorf1, Jason A. Bailey1, Sarah 
Boudova1, Titus Divala2, Randy Mungwira2, Patricia Mawindo2, 
Jozelyn Pablo3, Algis Jasinskas3, Rie Nakajima3, Matthew Adams1, 
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In malaria-endemic regions, severe malaria in infants is rare. Protection 
may be attributable to maternal antibody transfer during pregnancy. 
Parasite antigens expressed on the surface of infected erythrocytes are 
associated with severe malaria pathogenesis. We hypothesized that 
the repertoire of antibodies to these variant surface antigens (VSAs), 
particularly Plasmodium falciparum erythrocyte membrane protein-1 
(PfEMP1) antigens, is transferred to newborns, potentially providing 
protection against severe malaria. A protein microarray was printed with 
176 fragments of PfEMP1s based on the 3D7 reference genome, including 
both extracellular and intracellular fragments, along with three repetitive 
interspersed family proteins (RIFINs), and six sub-telomeric variable open 
reading frame proteins (STEVORs). Seroreactivity to these fragments was 
measured in the second trimester for 36 Malawian mothers in their first or 
second pregnancy and compared to seroreactivity at delivery and in cord 
blood samples of their newborns. Eleven mothers had evidence of malaria 
infection in the placental or peripheral blood during pregnancy. Reactivity 
to VSAs was higher in sera from women with evidence of malaria infection 
versus women who did not have malaria during pregnancy at both 
enrollment and delivery and extended to the cord blood of newborns. 
Overall, seroreactivity intensity to VSAs was similar in cord blood compared 
to mothers at delivery. However, for mothers who did not have malaria 
during pregnancy, seroreactivity for several VSAs was higher in the infant 
than in the mother. These findings indicate that malaria infection during 
pregnancy may interfere with antibody transfer and may lead to increased 
risk of malaria disease during infancy. Future work will examine malaria 
infection and disease vis-à-vis the rate of decline of VSA antibodies in this 
infant cohort over time.

1603
CYTOKINE PROFILE IN HELMINTH AND MALARIA 
INFECTIONS AMONG AFEBRILE AND FEBRILE CHILDREN IN 
IBADAN, SOUTHWEST NIGERIA

George O. Ademowo, Ayokulehin M. Kosoko, Olawunmi R. 
Rabiu, Hannah A. Dada-Adegbola, Ganiyu O. Arinola, Catherine 
O. Falade
College of Medicine, University of Ibadan, Ibadan, Nigeria

Intestinal helminths and malaria are among the most prevalent infectious 
diseases in the tropics. The effect of coinfections on immune response is 
not clearly understood. We therefore investigated the immune response 
profile in children with and without symptoms. A total of 78 afebrile 
school children (20 helminth-malaria co-infected, 17 helminth infected, 19 
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malaria infected and 22 uninfected) and 75 febrile children (14 helminth-
malaria co-infected, 16 helminth infected, 20 malaria infected and 25 
uninfected) were recruited into the study. Helminths were screened using 
Kato Katz method while malaria parasite screening was done using 
Giemsa-stained thick blood films. Circulating TNF-α, IFN-γ, IL-1, IL-10 
and IL-6 concentrations were assessed by ELISA from serum samples. 
Data were analysed using analysis of variance. Among the afebrile school 
children, IL-10 was significantly increased in helminth infected children 
compared with helminth-malaria co-infected, malaria infected and 
uninfected groups (p<0.05). IFN-γ was significantly elevated in malaria 
and malaria-helminth coinfection relative to helminth alone (p<0.05). IL-1 
level was significantly higher in single infection of helminth and malaria 
relative to coinfection and the uninfected groups (p<0.05). An insignificant 
difference was observed for IL-6 and TNF-α concentrations across all the 
four groups while among febrile children, IL-6 was significantly increased 
among helminth alone and helminth-malaria coinfection relative to malaria 
infected group (p<0.05). IL-10 was significantly elevated in co-infected 
group compared with helminth or malaria infected group while TNF-α 
was significantly increased in helminth and helminth-malaria coinfection 
compared with uninfected or malaria infected group (p<0.05). IFN-γ level 
was insignificant in the infection groups relative to uninfected group 
(p<0.05). IL-1 level similar across the groups. Helminth infection seem 
to upregulate Th2 immune response among children with symptomatic 
uncomplicated malaria while there was no significant changes in Th 
immune response among afebrile children.

1604
BIOSIGNATURES OF NATURALLY ACQUIRED IMMUNITY 
UNDER CHANGING MALARIA TRANSMISSION IN MALARIA 
ENDEMIC AREA OF PAPUA NEW GUINEA

Gabriel Frato1, Leanne Robinson2, Maria Orme2, Robert Fort1, Ivo 
Mueller3, James Kazura1, Peter Siba2, Christopher L. King1

1Case Western Reserve University, Cleveland, OH, United States, 2Papua 
New Guinea Institute of Medical Research, Madang, Papua New Guinea, 
3Walter and Eliza Hall Institute of Medical Research, Parkville, Australia

A simple blood test that assesses levels of naturally acquired immunity 
(NAI) would provide a critical tool to monitor the impact of interventions 
to reduce malaria transmission and broaden our understanding of how 
NAI develops around the world as a function of age and exposure. 
Since antibodies (Abs) are important in mediating malaria immunity, we 
postulate when an individual acquires a certain threshold of Abs to panel 
of malaria antigens (Ags), they become clinically immune to malaria. To 
examine this hypothesis, we measured immunoglobulin G (IgG) Abs to 
a panel of 32 Plasmodium falciparum (Pf) and P. vivax (Pv) antigens, 
using a multiplex bead array assay. Samples were collected from two 
geographically similar cohorts of children aged 5-14 years. The first cohort 
was completed before malaria control measures (Mugil I, 2004, N=206) 
and the second cohort was completed following malaria control measures 
(Mugil II, 2012/13, N=433). Children who were treated with antimalarials 
at enrollment were observed prospectively for malaria reinfection. High 
IgG levels to Pf microneme, rhoptry and EBA proteins, which are involved 
in merozoite invasion of erythrocytes, were strongly associated with 
protection against clinical malaria, similar to previously published studies 
from the same cohort. High IgG levels to Pv microneme, rhoptry and some 
merozoite proteins were significantly associated with protection against Pv 
infection. IgG levels to almost all the proteins were significantly lower in 
subjects from the Mugil II versus Mugil I cohorts although some individuals 
retained high malaria-specific IgG levels associated with protection in the 
Mugil I cohort. Analysis is currently underway to assess whether individuals 
that sustained high Ab levels corresponding to the protective threshold 
found in the Mugil I cohort also confer protection in the Mugil II cohort. 
These analyses will be completed by the time of the meeting. This study 
identifies Ags that are possible targets of protective immunity and/or 
biosignatures of immunity in malaria surveillance and control.

1605
CHARACTERIZATION OF NATURALLY ACQUIRED BINDING-
INHIBITORY ANTIBODIES AGAINST PLASMODIUM VIVAX 
DUFFY BINDING PROTEIN IN RURAL AMAZONIA

Sarah Frischmann1, Vanessa Nicolete2, Michael Razavi1, Marcelo 
Ferreira2, Christopher King1

1Case Western Reserve University, Cleveland, OH, United States, 2University 
of Sao Paulo, Sao Paulo, Brazil

Plasmodium vivax (Pv) invades human reticulocytes requiring an 
interaction of the parasite ligand, Duffy Binding Protein (PvDBPII), with 
an erythrocyte membrane protein known as the Duffy antigen/receptor 
for chemokines or DARC. Some Pv exposed subjects acquire functional 
antibodies that block binding of PvDBPII to DARC (Fy), partially inhibit Pv 
invasion of reticulocytes in vitro, and correlate with protection against 
Pv malaria. PvDBPII is highly polymorphic and DARC has a polymorphism 
which influences PvDBPII binding to DARC. The frequency, persistence, and 
strain-specificity of these naturally acquired binding-inhibitory antibodies 
(BIAb) under changing malaria transmission conditions have been poorly 
characterized. We measured BIAbs from 587 samples from 271 individuals 
seen 1-8 times in serial cross-sectional surveys, conducted in the Brazilian 
Amazon between 2010 and 2014, when malaria transmission dropped 
significantly. 82% of malaria infections were Pv. Binding inhibition was 
measured using an ELISA-based format to look at binding between DARC 
and multiple PvDBPII variants. Samples with greater than 80% binding 
inhibition relative to a North American control were defined as high 
blockers. We found 17% of unique individuals tested had high blocking 
activity and the proportion of individuals with high blocking activity 
increased with age. Once high levels of BIAb were obtained, the majority 
of individuals with repeated sampling retained high blocking activity even 
in the presence of declining Pv transmission. Some individuals retained 
high blocking activity with titers as high as 1:640. For most individuals, 
blocking activity was strain-specific - apparent when samples were titered. 
The presence of DARC polymorphisms affected acquisition of high BIAbs; 
4% of the FyA/Fy- (reduced binding) compared to 16% of all other DARC 
phenotypes associated with higher binding (p=0.065). The presence of 
high BIAbs may represent a biomarker of naturally acquired immunity 
in some individuals and may suggest induction of high blocking activity 
following vaccination with rDBPII, predicting strain-specific protection 
against Pv.

1606
ANTIBODY SEROREACTIVITY TO PLASMODIUM FALCIPARUM 
ERYTHROCYTE MEMBRANE PROTEIN 1 DOMAINS AND 
CLINICAL PRESENTATION OF MALARIA IN MALIAN CHILDREN

Jason A. Bailey1, Amed Ouattara1, Drissa Coulibaly2, Matthew 
B. Laurens1, Matthew Adams1, Shannon T. Harrison1, Kirsten E. 
Lyke1, Christopher G. Jacob1, Jozelyn Pablo3, Rie Nakajima3, Aldis 
Jasinskas3, Amadou Niangaly2, Mahamadou A. Thera2, Ogobara 
K. Doumbo2, Philip L. Felgner3, Christopher V. Plowe1, Mark A. 
Travassos1
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A strong correlate for protection from malaria disease has been largely 
elusive. Plasmodium falciparum erythrocyte membrane protein-1 
(PfEMP1) is a parasite surface adhesion protein implicated in malaria 
pathogenesis, particularly for placental and cerebral malaria. We probed 
a diversity-reflecting protein microarray with pre-rainy season sera 
collected from 75 children one to six years of age enrolled in a malaria 
vaccine trial in Bandiagara, Mali. The array was populated with protein 
fragments representing coupled domains of all PfEMP1 proteins in the 
laboratory reference strain 3D7. Clinical malaria outcome was defined as 
parasitemia (>2500 parasites per ul) and presence of fever (>37.5C) during 
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unscheduled clinic visits during 240 days of follow up. Using a Kaplan-
Meier survival analysis, children with above-mean PfEMP1 seroreactivity at 
baseline had a delayed time until first clinical malaria episode versus those 
with below-mean PfEMP1 seroreactivity. Lower pre-season seroreactivity to 
PfEMP1 domains was associated with an increased odds of having at least 
one clinical malaria episode, controlling for covariates. Pre-season PfEMP1 
seroreactivity was significantly associated with time to clinical malaria 
episode in a multivariable Cox proportional hazards model; suggesting that 
antibodies directed at PfEMP1 may have an association with protection 
distinct from other malaria antigens. In addition, pre-season seroreactivity 
to CD36 binding PfEMP1 domains correlated with increased time until 
clinical malaria episode compared to non-CD36 binding domains. These 
results suggest the importance of PfEMP1 antibodies in the prevention or 
delay in the progression of more severe instances of symptomatic malaria, 
particularly when compared to antibodies directed at other malaria 
candidate vaccine antigens. Multivariable regression models are particularly 
powerful in using protein microarray results to identify antigens associated 
with natural protection against malaria.

1607
INTERFERON GAMMA AND INTERLEUKIN-10 PROFILE IN 
PATIENTS WITH PLASMODIUM FALCIPARUM MALARIA 
INFECTION IN LAGOS, NIGERIA

Uche T. Igbasi, Wellington A. Oyibo
ANDI Centre of Excellence for Malaria Diagnosis, College of Medicine 
University of Lagos, Idi-Araba, Lagos, Nigeria

Malaria is the world’s most prevalent parasitic disease and is a top public 
health concern although currently, its control and interventions has 
been scaled up in Nigeria. Challenges encountered in the design of a 
successful vaccine against Plasmodium are our dearth knowledge of 
protective immunity and how it can be induced. The immune response 
to Plasmodium falciparum infection involves interplay between 
different cell types and cytokines. Therefore, a greater appreciation of 
the mechanisms of protective immunity and of immunopathology would 
provide crucial clues as to how manipulation of the immune system may 
best be achieved. The study aimed to determine the plasma profile of 
IFN-γ and IL-10 in malaria patient drawn from a P. falciparum-endemic 
area in Ikorodu LGA of Lagos State, Nigeria. A cross sectional study of 
1650 participants who assessed malaria diagnostic services at our study 
sites (four health facilities at Ikorodu LGA, Lagos State) were screened 
for malaria by microscopic method using Giemsa stained thick and thin 
blood films. The plasma level of IL-10 and IFN- γ was assessed among 140 
patients who were diagnosed as having P. falciparum infection and 8 
malaria negative subjects, using indirect enzyme-linked immunosorbent 
assays (ELISA) (MABTECH AB, Sweden). The mean plasma concentration of 
IL-10 was found to be elevated (6966.8 ±5028.2 pg/ml) in malaria infected 
individuals compared to the aparasitemic control group 5747.6 ± 3861.7 
pg/ml and this was statistically significant (p<0.01). In contrast IFN-γ levels 
were found to be lower in malaria patients (17277.6 ± 12055.8 pg/ml) 
compared to non-malaria patients tested (23362.4 ± 11341.3pg/ml). There 
was however a significant relationship between IL-10 and parasite density 
(r=0.213; p value= 0.009); negative correlation between age and parasite 
density (r=-0.163; p=0.048). In conclusion, levels of IFN- γ and IL-10 and 
the relative balance between the pro- and anti-inflammatory cytokines 
response, illustrates how populations residing in areas of varying disease 
endemicity may respond to P. falciparum-induced immune challenge.

1608
LIVER STAGE MALARIA INDUCES INTERFERON-DEPENDENT 
GENE EXPRESSION IN HEPATOCYTES

Jessica Brownell, Alyse Douglass, Nadia Arang, Brandon Sack, 
Alexis Kaushansky, Stefan Kappe
Seattle BioMed, Seattle, WA, United States

Malaria is a serious global health problem that causes substantial morbidity 
and mortality in developing countries. Infection is caused by Plasmodium 
sporozoites, which are transmitted to a mammalian host through a bite 
from an infected female Anopheles mosquito. Sporozoites then travel 
from the skin to the liver, invade hepatocytes, and quickly replicate to 
produce tens of thousands of first generation infectious merozoites. 
These merozoites initiate the blood stage infection that is responsible for 
symptomatic illness. Live-attenuated sporozoite vaccination can prevent 
the onset of disease by inducing sterile, adaptive immunity against liver 
stage infection. However, few studies have explored whether parasite 
liver infection engenders localized innate immune responses as well. 
Recent studies in our laboratory have shown that Plasmodium induces 
type I interferon (IFN) responses in the liver, and that these responses can 
protect from a secondary liver stage infection. We show here that these 
type I IFNs are produced by infected hepatocytes and coincide with the 
induction of pro-inflammatory Interferon Stimulated Genes (ISGs) such as 
the chemokine CXCL10 and the anti-viral protein Viperin. Furthermore, 
we demonstrate that Plasmodium infection of hepatocytes impacts 
expression of the JNK signaling pathway in a type I IFN-dependent 
manner. Future work will help uncover how these initial responses impact 
inflammatory gene expression, liver stage parasite growth, and the 
progression to blood stage infection. This knowledge will have significant 
impact on the selection and use of adjuvants in the future development of 
vaccines targeting the liver stage of malaria infection.

1609
ANALYSIS OF ANTIBODIES IN LYMPHOCYTE SECRETIONS 
(ALS) OF MALIAN CHILDREN WITH ACUTE MALARIA 
REVEALS PLASMABLASTS AND MEMORY B-CELL SUB-
POPULATIONS OF DIVERSE ANTIGEN SPECIFICITY

Emmanuel Y. Dotsey1, Silva Portugal2, Huw D. Davies1, 
Ogobara K. Doumbo3, Aissata Ongoiba3, Boubacar Traore3, Peter 
Crompton2, Philip L. Felgner1

1University of California Irvine, Irvine, CA, United States, 2National Institute 
of Allergy and Infectious Diseases, National Institutes of Health, Rockville, 
MD, United States, 3Mali International Center of Excellence in Research, 
University of Sciences, Techniques, and Technology of Bamako, Bamako, 
Mali

During a primary response to an acute infection, naïve B cells are activated 
in the presence of Follicular Helper T cells within the follicles of secondary 
lymphoid tissue leading to clonal expansion and affinity maturation to 
produce antigen-specific memory B cells and plasma cells in the germinal 
center (GC). Prior to homing into secondary lymphoid tissue, immature 
plasma cells (plasmablasts) circulate in the blood producing the initial 
protective antibodies against invading pathogens. After several days, 
plasmablasts die or differentiate into mature plasma cells which migrate 
to the bone marrow to become long lived plasma cells. Affinity-matured 
plasma cells and memory B cells provide the antibody response to 
subsequent infection by the same pathogen. To evaluate the plasmablast 
and memory B cell/plasma cell compartments generated after infection 
in the context of malaria, we employed the ALS assay and proteome 
microarray. PBMCs and serum samples were collected from Malian 
children with malaria at day 14 post infection and from malaria-naïve 
US adults. PBMCs were cultured in media containing stimulatory factors 
and after 3 days the culture media was removed and replaced with fresh 
media. PBMCs were then cultured for 3 additional days and final culture 
supernatants were collected at day 6. Sera and culture supernatants 
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containing lymphocyte secretions were probed on Pf1000 microarray 
containing 1000 proteins from Plasmodium falciparum strain 3D7. 
Our results show that the antibody profile of 3-day (plasmablast) cultures 
is a subset of the 6-day (memory B cell/plasma cell) cultures and serum 
antibody profiles. The results also reveal a sub-population of antibodies 
present only in the memory B cell/plasma cell compartment and in 
serum. Our approach successfully illustrates how combining ALS assay 
and proteome arrays can be used to rapidly profile serum antibody and 
antibodies in the plasmablast and memory B cell/plasma cell compartments 
after an acute infection.

1610
SERO-EPIDEMIOLOGICAL EVALUATION OF PLASMODIUM 
FALCIPARUM MALARIA IN SENEGAL

Khadime Sylla1, Roger Clément Kouly Tine1, Magatte NDiaye1, 
Doudou Sow1, Aïssatou Sarr1, Marie Louise Tshibola Mbuyi2, 
Ibrahima Diouf1, Amy Colé Lô1, Annie Abiola1, Mame Cheikh 
Seck1, Mouhamadou NDiaye1, Aïda Sadikh Badiane1, Jean Louis 
Abdourahim NDiaye1, Daouda NDiaye1, Oumar Faye1, Thérèse 
Dieng1, Yémou Dieng1, Oumar Ndir1, Oumar Gaye1, Babacar Faye1

1University Cheikh Anta Diop, Dakar, Senegal, 2Département de 
Parasitologie-Mycologie, Université des Sciences de la Santé, Libreville, 
Gabon

In Senegal, significance decrease of malaria transmission intensity has 
been noted the last years. In such a context parasitaemia has become 
lower and therefore more difficult to be detected by microscopy. In 
the context of submicroscopic parasitaemia, it has become relevant to 
rely on relevant malaria surveillance tools to better document malaria 
epidemiology in such settings. Serological markers have been proposed 
as an essential tool for malaria surveillance. This study aimed to evaluate 
the sero-epidemiological situation of Plasmodium falciparum malaria 
in two sentinels sites in Senegal. Cross sectional surveys were carried 
out in Velingara (South of Senegal) and Keur Soce (Center of Senegal) 
between September and October 2010. Children less than 10 years living 
in these areas were enrolled using two level random sampling methods. 
P. falciparum infection was diagnosed using microscopy. Pf antibodies 
against Circum Sporozoït Protein (CSP), Apical Membrane Protein (AMA1) 
and Merozoït Surface Protein 1_19 (MSP1_42) were measured by ELISA 
method. A stepwise logistic regression analysis was done to asses factors 
associated with Pf antibodies carriage. A total of 1865 children less than 
10 years were enrolled. The overall Pf malaria prevalence was 4.99% 
with high prevalence in Velingara 10.03% compared to Keur Soce 
0.03%. Symptomatic malaria cases (fever associated with parasitaemia) 
represented 17.37%. Sero-prevalence of anti-AMA1, anti-MSP1 and 
anti-CSP antibody was 38.12%, 41.55% and 40.38% respectively. The 
sero-prevalence was more important in Velingara and increased with age, 
active malaria infection and area of residence. Conclusion: The use of 
serological markers can contribute to improve malaria surveillance in areas 
with declining malaria transmission. This study provided useful baseline 
information about the sero-epidemiological situation of malaria in Senegal 
and can contribute to the identification of malaria hot spots in order to 
concentrate intervention efforts.

1611
DEVELOPMENT OF A MICROSCALE INHIBITION OF 
LIVER STAGE DEVELOPMENT ASSAY FOR PLASMODIUM 
FALCIPARUM AND P. VIVAX

Alison E. Roth1, Steven P. Maher1, Naresh Singh1, Jetsumon 
Sattabongkot2, Dennis E. Kyle1, Wajeeh Saadi3, PATH Malaria 
Vaccine Initiative, John H. Adams1

1University of South Florida, Tampa, FL, United States, 2Mahidol Vivax 
Research Unit, Mahidol University, Bangkok, Thailand, 3Draper Laboratory, 
Tampa, FL, United States

Vaccine development targeting sporozoite and pre-erythrocytic stages 
of the Plasmodium parasite is one of most challenging areas in malaria 
research because biological complexities, such as inadequate methods 
for in vitro culture, result in the lack of a functional assay capable of 
visualizing and quantifying antibody inhibition. This study describes the 
development of a new type of Inhibition of Liver Stage Development 
Assay (ILSDA) utilizing cryopreserved sporozoites paired with an in vitro 
human liver model based on a microscale platform. Proof of concept is 
demonstrated in experiments targeting the P. vivax and P. falciparum 
circumsporozoite (CSP) protein with inhibitory concentrations of species-
specific anti-CSP monoclonal antibodies. The bioassay was found to 
be sensitive and efficient, showing the blocking of pre-erythrocytic 
stages of both P. vivax and P. falciparum in a concentration dependent 
fashion. Additionally, the assay allows for further functional validation as 
immunofluorescence imaging revealed a potential anti-CSP mechanism 
involved in the post-invasion inhibition of sporozoite and liver stage 
development. This study provides an improved ILSDA that can be used to 
evaluate future drug and vaccine candidates targeting the pre-erythrocytic 
stages of P. falciparum and P. vivax.

1612
IDENTIFYING CRITICAL BIOLOGICAL AND IMMUNOLOGICAL 
ROLES OF GLYCOSAMINOGLYCANS IN THE DEVELOPMENT 
OF PLACENTAL MALARIA

Louise Randall, Stephen Rogerson, Wina Hasang
Department of Medicine, Melbourne Academic Centre at the Doherty 
Institute, The University of Melbourne, Australia

During pregnancy, the developing fetus must be protected from the 
maternal immune system. The maternal immune system is considered 
to be in an altered or compromised state during pregnancy and this is 
achieved by factors released by the placenta, including hormones and 
cytokines. Placental malaria is characterised by the accumulation of 
Plasmodium falciparum-infected erythrocytes (IE) in the placenta, and 
results in poor outcomes for both the mother and the fetus, including 
anaemia, low birth weight and miscarriage. Pregnancy-specific IE bind to 
the glycosaminoglycan chondroitin sulphate A within the placenta. We 
hypothesise that chondroitin sulphate containing proteoglycans act as 
immune system modulators during pregnancy and that the binding of 
IE to chondroitin sulphate A in the placenta allows the establishment of 
the initial parasite niche. Here, we show that bovine-derived chondroitin 
sulphate A dampens the immune response of human peripheral blood 
mononuclear cells (PBMCs) to IE and bacterial products. In the presence 
of chondroitin sulphate A, monocytes produced less tumour necrosis 
factor, had differential expression of pattern recognition receptors and 
were skewed towards a classical phenotype. We show that proteoglycans 
derived from human placental tissue also modulate the monocyte 
response to pathogen products and discuss the implications of the parasite 
interacting with the placental barrier.
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1613
MEASURING ANTIBODY-MEDIATED PROTECTION AGAINST 
PLASMODIUM FALCIPARUM CHALLENGE IN LIVER CHIMERIC-
HUMANIZED MICE

Brandon K. Sack1, Sebastian Mikolajczack1, Matthew 
Fishbaugher1, Ashley Vaughan1, Judith Epstein2, Bradley Hickey2, 
Eileen Villasante2, Joanne Lumsden2, Sharina Reyes2, Robert 
Sauerwein3, Robert Hermsen3, Stephen Hoffmann4, Robert Seder5, 
Andrew Ishizuka5, Stefan H. Kappe1

1Seattle Biomedical Research Institute, Seattle, WA, United States, 2Naval 
Medical Research Center, Silver Spring, MD, United States, 3Radboud 
University Medical Center, Nijmegan, Netherlands, 4Sanaria, Inc., Rockville, 
MD, United States, 5National Institutes of Health, Bethesda, MD, United 
States

Immunization with live-attenuated sporozoites has proven to be the most 
efficacious means of vaccination against malaria parasite infection, yielding 
complete sterilizing protection in controlled human malaria challenge 
trials. These encouraging clinical results not only provide a strong rational 
for development of a live-attenuated parasite vaccine, but enable 
exploration of immune correlates of protection which further accelerate 
malaria vaccine development and will inform the design of subunit 
malaria vaccine candidates. However, there are limited tools available to 
directly assess contribution of cellular and humoral immune responses to 
protection. Currently, functional analysis of anti-Plasmodium falciparum 
sporozoite antibodies is largely limited to in vitro invasion assays using 
hepatoma cells, an environment which does not accurately mimic the 
complex journey of sporozoites from the dermis to the liver parenchyma. 
Here, we have optimized in vivo P. falciparum infection in a humanized 
liver-chimeric mouse model where sporozoite challenge is delivered by 
mosquito bite and liver stage parasite burden quantified by bioluminescent 
imaging. This model supports measurement of protection by passive 
transfer of polyclonal antibodies from individuals immunized with whole 
sporozoites as well as monoclonal antibodies to individual sporozoite 
proteins such as CSP. We found this method to be sensitive and reliable in 
directly detecting varying degrees of antibody efficacy against sporozoite 
liver infection while allowing for animal survival and simultaneous analysis 
of parasite progression to blood stage infection. We will present data 
on the inhibitory activity of serum and IgG elicited by different types of 
attenuated sporozoite immunizations as well as data for antibodies to 
specific parasite proteins. The liver-chimeric humanized mouse/challenge 
model thus constitutes the most physiologically relevant system for 
analysis of antibody-mediated protection against malaria infection. As 
such it will accelerate the identification of new antibody targets and the 
establishment of immune-correlates of protection.

1614
NOVEL SEROLOGIC BIOMARKERS PROVIDE ACCURATE 
ESTIMATES OF RECENT PLASMODIUM FALCIPARUM 
EXPOSURE FOR INDIVIDUALS AND COMMUNITIES

Danica A. Helb1, Kevin K. Tetteh2, Philip L. Felgner3, Jeff Skinner4, 
Alan E. Hubbard5, Emmanuel Arinaitwe6, Harriet Mayanja-
Kizza7, Isaac Ssewanyana6, Moses R. Kamya7, James G. Beeson8, 
Jordan Tappero9, David L. Smith10, Peter D. Crompton4, Peter D. 
Crompton4, Philip J. Rosenthal11, Grant Dorsey11, Chris Drakeley2, 
Bryan Greenhouse11

1University of California Berkeley/University of California San Francisco, 
San Francisco, CA, United States, 2London School of Hygiene & Tropical 
Medicine, London, United Kingdom, 3University of California Irvine, 
Irvine, CA, United States, 4National Institute of Allergy and Infectious 
Diseases/National Institutes of Health, Bethesda, MD, United States, 
5University of California Berkeley, Berkeley, CA, United States, 6Infectious 
Disease Research Collaboration, Kampala, Uganda, 7Makerere University, 
Kampala, Uganda, 8Burnet Institute for Medical Research and Public 
Health, Melbourne, Australia, 9Centers for Disease Control and Prevention, 
Atlanta, GA, United States, 10Sanaria Institute for Global Health and 
Tropical Medicine/University of Oxford, Rockville, MD, United States, 
11University of California San Francisco, San Francisco, CA, United States

Tools to reliably measure Plasmodium falciparum (Pf) exposure 
in populations are needed to guide and evaluate malaria control 
interventions. Serologic assays can potentially produce precise exposure 
estimates at low cost; however current approaches, based on responses 
to a few established antigens, are not designed to detect recent changes 
or estimate exposure in individuals. Pf-specific antibody responses differ 
by antigen, suggesting that selection of antigens with defined kinetic 
profiles will improve estimates of Pf exposure. We tested this hypothesis 
by evaluating responses to 856 Pf antigens via protein microarray in 186 
Ugandan children, for whom detailed Pf exposure data in the prior year 
were available. Using data-adaptive statistical methods, we identified 
combinations of antibody responses which maximized information on 
exposure. Considering individual exposure, responses to three novel Pf 
antigens accurately classified whether an individual had been infected 
within the last 30, 90, or 365 days (cross-validated AUC: 0.86-0.93), while 
responses to another three antigens accurately estimated malaria incidence 
in the prior year. Considering community exposure, cross-validated 
incidence predictions provided accurate stratification of exposure between 
communities and suggest that precise estimates can be obtained from 
analysis of a single plasma sample from a small subset of the population. 
In addition, serologic incidence predictions accurately characterized 
heterogeneity within a community, performing nearly as well as one year 
of incidence data. Development of simple, ELISA-based assays derived 
from the successful selection strategy outlined here offers the potential to 
generate rich epidemiologic surveillance data that will be widely accessible 
to malaria control programs.

1615
HOUSE STRUCTURE AND SLEEPING ARRANGEMENT AFFECTS 
BED NET USE IN THE GAMBIA

Susan Dierickx1, Charlotte Gryseels1, Julia Mwesigwa2, Fatou 
Jaiteh2, Sarah O’Neill1, Melanie Bannister-Tyrrell1, Julia Irani1, Maya 
Ronse1, Jane Achan2, Umberto D’Alessandro2, Koen G. Peeters1

1Institute of Tropical Medicine, Antwerp, Belgium, 2Medical Research 
Council Unit, Fajara, Gambia

Although coverage of Long-Lasting Insecticide-treated Nets (LLIN) has 
steadily increased, a growing number of studies report gaps between 
net ownership and use. In order to achieve universal coverage and use of 
LLIN, there is a need to identify those population sub-groups that are least 
protected. Certain types of housing structures and inside-outside sleeping 
arrangements may make the attempt to use bed nets difficult. This study 
aimed to identify risk groups by understanding the relationship between 
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bed net use, housing structure and inside-outside sleeping patterns in the 
Gambia. An ethnographic study was carried out in the Gambia between 
April 2013 and November 2014 in two phases: a first explorative phase 
in 12 rural villages representing a variety of ethnic groups, and a second 
phase in which two villages with different traditional housing styles were 
selected as cases for in-depth analysis. In addition to net availability, 
net use is affected by housing structure and sleeping patterns inside 
and outside the house. Children, women and men often rest and sleep 
unprotected outside their houses during the early evenings. Boys leave the 
bed of their mother at a younger age compared to girls, and as such are 
less likely to sleep under LLIN. Boys and adolescent men are particularly 
at risk because they are not prioritized when allocating nets, are more 
likely to rest and sleep outdoor in public spaces, and often move between 
different sleeping spaces. In addition, particular subgroups are unlikely 
to use their bed nets due to late night activities such as the protection 
of farms, the herding of cattle, charcoal burning, fishing and hunting. 
Malaria risk varies substantially between different regions in the Gambia, 
which could partially be explained by the variable uptake of malaria 
control interventions such as LLINs. Designing bed nets adapted to the 
local context and taking into account people’s net preference may increase 
the uptake of LLINs in particular risk groups.

1616
SUPPLY CHAIN MANAGEMENT CONSIDERATIONS FOR LONG-
LASTING INSECTICIDE-TREATED BED NETS CONTINUOUS 
DISTRIBUTION SYSTEMS

Naomi Printz1, Hannah Koenker2

1United States Agency for International Development | DELIVER PROJECT, 
John Snow, Inc., Arlington, VA, United States, 2Johns Hopkins Bloomberg 
School of Public Health, Bethesda, MD, United States

Many countries, as part of their national malaria strategy, use a 
combination of mass distribution of free long-lasting insecticide-treated 
bed nets (LLINs) and continuous distribution of LLINs through health 
facilities as a proven intervention to reduce malaria-related morbidity 
and mortality. LLINs have unique supply chain characteristics that must 
be considered when implementing continuous distribution systems. 
Generally, LLINs have long procurement lead times. Because they contain 
pesticides, their logistics management is often outside malaria medicines 
and tests. They are extremely bulky, which has implications for attendant 
storage and inventory management. Expert coordination is required 
because they may be managed at different points within a facility, and 
by different cadres of staff. LLINs can be a target for theft, underscoring 
the need for accountability; as they need to be replaced periodically, 
their demand is ongoing. The demand for LLINs for campaigns may take 
priority over LLINs earmarked for routine distribution. Program managers 
should conduct a logistics system design activity by describing how 
commodities and information moves through the different levels of the 
health system. As part of this design, a logistics management information 
system (LMIS) is included_managers should collect consumption data on 
LLINs and days out of stock. Reporting and resupply should be linked. To 
calculate resupply, consumption data and stock on hand data should be 
used. Accountability of LLINs throughout the supply chain is critical, and 
information detailing the movement and use of LLINs must be tracked 
and verified. To accommodate the bulkiness of LLINs, minimal buffer 
stock should be used to reduce the required storage space; if possible, 
smaller bale sizes should be procured. System designers should consider 
the advantages and disadvantages of longer review periods; they must 
also ensure sufficient and secure storage. The quantification of LLINs for 
continuous distribution and campaigns should be coordinated; program 
managers should routinely compare LMIS data and health management 
information systems data.

1617
INSECTICIDE-TREATED NET DISTRIBUTIONS IN SUB-
SAHARAN AFRICA: AN ASSESSMENT OF MASS CAMPAIGNS 
FROM 2006-2014

Cristin A. Fergus1, Sadaf Milani2, Michael Lynch3, Richard 
Cibulskis1, n. Global Malaria Programme, World Health 
Organization
1World Health Organization, Grand-Saconnex, Switzerland, 2University of 
Florida, Gainesville, FL, United States, 3Centers for Disease Control and 
Prevention, Atlanta, GA, United States

Insecticide-treated mosquito nets (ITNs) are one of the most cost-effective 
malaria interventions. This aim of this project is to compile and analyze 
data from ITN distribution campaigns in Sub-Saharan Africa from 2006-
2014. A database of ITN distribution campaigns occurring from 2006-2014 
was assembled by extracting data from weekly conference calls organized 
by the Alliance for Malaria Prevention, and supplementing campaign data 
through a systematic review of published literature. We identified 95 ITN 
campaigns occurring from 2006 to 2014. The defining characteristics of 
ITN distribution campaigns were determined to be geographic location, 
length, targeting, integration, allocation, and delivery system. There were 
campaigns across all geographic regions of Africa, with the majority in 
West Africa. The lengths of campaigns were found to be highly varied 
from a couple days to a few years. Several other common characteristics 
were noted: campaigns tended to target the general population rather 
than solely focusing on pregnant women and children under five years 
old; among campaigns aiming to achieve universal coverage, the most 
commonly used net allocation formula was one net per two people, 
although there were several other formulas utilized; and the majority of 
campaigns directly delivered the ITNs, while few campaigns used voucher 
schemes. Of the campaigns that reported integrating the distribution 
with other public health interventions, a majority were integrated with 
immunization campaigns. The most widely cited problems in planning and 
implementing campaigns were financial and availability of nets at the time 
of the campaign. The results of this analysis have highlighted a number of 
needs pertaining to the surveillance and monitoring of insecticide-treated 
net distribution for the prevention of malaria. With such a large amount 
of resources being invested in ITNs as a malaria intervention, there is a 
need for systematic tracking of campaigns. Assessments of ITN distribution 
mechanisms should continue, and the results should be incorporated into 
campaign planning processes.

1618
DEVELOPING NOVEL IN VITRO MODELS OF HEME-INDUCED 
DISRUPTION OF BLOOD-BRAIN BARRIER

Mingli Liu, Carmen Dickinson-Copeland, Hassana Salifu, 
Jonathan K. Stiles
Morehouse School of Medicine, Atlanta, GA, United States

Background: The blood-brain barrier (BBB) breakdown is the major 
pathological change of cerebral malaria. The BBB is an active interface 
which contains cerebral endothelial cells sealed together by tight junctions 
(TJ), the basement membrane, and pericytes as well as astrocytes. In this 
study, we tried to develop an in vitro BBB model based on the culture 
of human brain endothelial cells (HBVEC) and C6 glioma cells to test 
the effects of heme on the TJs.Methods: Co-culture (Trans-well): C6 
glioma cells were grown in the bottom of the lower chamber which 
possibly influence the other cells by secreted factors into the media. 24 
h later, HBVECs were grown on a filter insert coated with attachment 
factor for 24 h. After starvation with serum-free medium for 24 h, 
HBVECs were then treated with 60μM heme for another 24 h. Staining 
by anti- occluding, claudin and ZO-1 antibodies were visualized using 
the Alexa-488 fluorescence system. Results: In mono-culture systems, 
phase contrast images show the spindle shaped morphology o HBVECs 
in culture. Proteins occludin, claudin-5 are located in the cell membrane, 
while ZO-1 is located in cytoplasmic region. However the cells are not 
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capable of forming a continuous line of tight junctions at the cell borders 
as detected by staining with antibodies against the TJ proteins occludin, 
ZO-1 and claudin-5. In co-culture systems, transmembrane protein 
occludin and cytoplasmic protein ZO-1 show a clear and continuous 
membrane staining, which reveals a line of tight junctions at the cell 
borders. However, the normal structure of tight junctions is significantly 
lost after heme treatment. In addition, heme also decreases expression 
of occludin, ZO-1 and claudin-5, and induces an irregular cell border 
staining.Conclusions: Data regarding baseline expression of TJ proteins 
and changes in expression of these proteins in response to heme stimuli 
can be obtained by using in vitro co-culture BBB models. These co-culture 
conditions provide a BBB model that is easy to use to perform histological 
analysis and permeability test induced by heme.

1619
COMPARISON OF MALARIA DIAGNOSTIC TESTING AND 
TREATMENT OUTCOMES AT OUTLETS PARTICIPATING IN A 
PROJECT TO SUPPORT PRIVATE SECTOR RDT ADOPTION IN 
MBEYA, MOROGORO AND TANGA, TANZANIA: RESULTS 
FROM CLIENT EXIT INTERVIEWS

Stephen Poyer1, Emily Gloekler2, Daniel Michael2, Stephanie 
Dolan1, Nikki Charman1

1Population Services International, Nairobi, Kenya, 2Population Services 
International, Dar es Salaam, United Republic of Tanzania

Tanzania’s malaria treatment guidelines state that all suspected cases 
should be confirmed prior to treatment. By late 2012 RDTs had been rolled 
out to public facilities nationwide, supported by a comprehensive training 
plan. As part of an intervention to support increased RDT availability 
and correct use in the private sector in Tanzania, we conducted client 
exit interviews at 26 project (intervention) and 26 matched non-project 
(control) facilities 8 months into the project. The aim was to describe 
differences in testing and treatment outcomes between the two groups. 
Eligible outlets were those that offered any diagnostic testing services at 
the time of interview and eligible clients were adults seeking treatment 
for fever for themselves or on behalf of someone else. In total, 2,383 
clients were screened and interviews were conducted with 1,118 eligible 
clients. Clients at intervention clinics were slightly less likely to be tested 
than those at control clinics (89.4% compared to 94.8%, p=0.08), and 
intervention clinics presented greater clinic-level variation in testing 
levels (min: 45.1%, max: 100%) than did control clinics (min: 73.3%, 
max: 100%). Overall, 46.1% of tested clients reported testing positive 
for malaria, with no significant difference between the groups. 86.8% 
of test-positive clients received ACT at intervention clinics, compared 
with 77.2% at control clinics (p=0.3), and less than 5% of test-negative 
clients received any antimalarial in both groups. The study provides some 
evidence that when both microscopy and RDTs were available RDT use was 
more common in intervention clinics (44.0%) than control clinics (25.4%, 
p=0.09), while microscopy was more common in the control clinics 
(65.4% compared to 41.5%, p=0.06). Preliminary modelling suggests 
clients tested by microscopy were twice as likely to receive a positive test 
result, and that treatment outcomes depended on both test result and 
type of test. Understanding variations between and within study groups is 
important to ensure efficient and cost-effective performance improvement 
steps are taken to improve malaria case management in these private 
facilities.

1620
QUINAZOLINDIONE SERIES IDENTIFIED FROM TCAMS: 
A NEW ANTIMALARIAL SERIES WITH POTENTIAL FOR 
BLOCKING TRANSMISSION OF THE DISEASE

Esther Fernandez-Velando, Malaria DPU, Diseases of the 
Developing World
GlaxoSmithKline, Tres Cantos, Spain

Nowadays, Malaria is still one of the major global health problems. 
Plasmodium has been able to adapt to the different treatments 
developed by humans along history. However there has not been such 
a wide knowledge of the illness as we currently have. This fact, joined 
to the urgent need for novel antimalarial drugs that can replace ACTs 
and the awareness of governments/health systems/funding agencies, 
makes the current time a unique opportunity to change the course of 
this disease and achieve the control and finally the eradication. Using a 
Phenotypic screening approach, in 2010 GSK published the Tres Cantos 
antimalarial set (TCAMS) which comprises over 13,533 hits derived from 
whole cell screening of 2M compounds from the GSK corporate collection 
against P. falciparum. A clear strategy was required to rapidly identify 
those molecules that have both the best chance of being converted 
into differentiated antimalarial drugs and that are also likely to have the 
lowest risk of attrition in development. Identification of a new class of 
anti-malarial agents that possess dual activity and are able to inhibit the 
asexual blood-stage (schizonticidal, responsible of disease symptoms) 
as well as block transmission was initiated in our group. As a result, a 
new assay to screen compounds for their potential to inhibit late stage 
gametocytes was developed and used successfully to screen the output 
from TCAMS. Quinazolindione series was identified as a very promising 
family with dual activity (both schizonticidal and gametocytocidal). Initial 
weaknesses of the series were modest in vitro and in vivo potency as well 
as poor pharmacokinetic profile. After a Lead Optimisation program, Late 
Leads have been identified having excellent in vitro and in vivo potency, 
a very good developability profile and potential for targeting two different 
TCPs (Target Compound Profiles). Medicinal Chemistry strategy followed 
during the Lead Optimisation program was focused on improving the 
physicochemical and developability properties. 

1621
“THERE IS NO FREE HERE, YOU HAVE TO PAY”: ACTUAL 
AND PERCEIVED COSTS AS BARRIERS TO INTERMITTENT 
PREVENTIVE TREATMENT OF MALARIA IN PREGNANCY IN 
MALI

Meredith C. Klein, Emily Hurley, Namratha Rao, Steve Harvey
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States

“There is no free here,” the words of a Malian husband, illustrate how 
perceptions of cost can deter uptake of intermittent preventive treatment 
of malaria in pregnancy (IPTp). Following WHO recommendations, the 
Malian Ministry of Health (MOH) recommends three doses of IPTp at 
monthly intervals. However, despite a national policy that IPTp be provided 
free of charge, only 35% of pregnant women receive at least one dose 
and less than 20% receive two or more doses. We explored perceptions 
and experiences of IPTp cost in Mali, and their impact on uptake, using 
qualitative interviews and focus groups with pregnant women, husbands 
and mothers-in-law. We also interviewed and observed health workers at 
four health centers two in Sikasso Region and two in Koulikoro. Despite 
national-level policies, actual IPTp costs varied widely at our study sites - 
between regions, facilities, and visits. Pregnant women may pay for IPTp, 
receive it free, or both at different times. Health centers often charge a 
lump sum for ANC visits that include both some free and some fee-based 
drugs and services. This makes it difficult for women and families to 
decipher which services are free and which require payments. As a result, 
some forego even free care that, because it is not itemized, appears not 
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to be free. Varying costs also complicate household budgeting for health 
care, particularly as women often rely on their husbands or husbands’ 
families for money. While health facilities operating under the cost-
recovery model strive to provide free IPTp, their own financial constraints 
often make this impossible. Preventing malaria in pregnancy depends upon 
women receiving the recommended doses of IPTp. However, it is clear 
that both actual and perceived costs are currently barriers to IPTp uptake. 
Given the confusion around cost of services in the two study regions, more 
detailed national-level studies of both perceived and actual costs could 
help inform policy and program decisions promoting IPTp. These studies 
should evaluate both quantitatively and qualitatively the cost information 
provided by health facilities and pharmacies to pregnant women and their 
families.

1622
BENEFICIARY SATISFACTION ASSESSMENT TO GUIDE 
HEALTH PROGRAM COMMUNICATION AND INCREASE 
ACCEPTANCE OF INDOOR RESIDUAL SPRAYING

Beth Brennan1, Allison Belemvire2, Shadreck Sande3, Tendayi 
Muchenje3, Ben Johns1

1Abt Associates, Bethesda, MD, United States, 2United States Agency 
for International Development, Washington, DC, United States, 3Abt 
Associates, Zimbabwe, Zimbabwe

Indoor Residual Spraying (IRS) is considered effective when 85 percent 
of a community’s homes are sprayed. However, there are logistical and 
educational barriers that affect residents’ decisions to accept IRS and a 
program’s ability to fully protect a targeted area from malaria infection. 
Current behavioral change communication (BCC) efforts for an IRS 
campaign primarily require paying hundreds of mobilizers to walk long 
distances to reach residents during work hours, when people are typically 
not home. BCC efforts seek to highlight the dangers of malaria, the 
benefits of IRS, and how and when people can prepare their homes for 
spraying; but, these messages are not universally received. After the 2014 
IRS campaign in Zimbabwe, the President’s Malaria Initiative-supported 
(PMI) Africa Indoor Residual Spraying (AIRS) project randomly surveyed 485 
households in four IRS districts to assess beneficiary IRS knowledge and 
satisfaction, and identify locally-preferred methods of IRS messaging. Two 
thirds of the respondents were females, roughly 43 years old, reporting 
a high level of IRS and malaria knowledge. However, preliminary findings 
show that the BCC campaign did not reach all target areas or publicize 
clearly the IRS schedule. It is crucial to finish an IRS campaign in the 
fewest number of days possible, since each additional day needed to 
revisit an unprepared village adds significant costs to the program budget. 
AIRS Zimbabwe is using the beneficiary feedback to reshape their BCC 
messaging and improve operational efficiency in 2015. I will present the 
full findings of the assessment and explain how this activity, a first for the 
project, can also improve spray coverage in the other AIRS countries.

1623
THE MASS DISTRIBUTION OF LONG-LASTING INSECTICIDE-
TREATED NETS IN SOUTHERN PROVINCE, ZAMBIA: HOW 
MUCH DOES IT COST?

Thandiwe Ngoma1, Bruce Larson1, Kafula Silumbe1, Busiku 
Hamainza2, Ketty Ndhlovu3, Mukumbuta Nawa4, John Miller1, 
Callie Scott5

1PATH, Lusaka, Zambia, 2National Malaria Control Programme, Lusaka, 
Zambia, 3Zambia Ministry of Health, Lusaka, Zambia, 4United Nations 
Development Programme, Lusaka, Zambia, 5PATH, Seattle, WA, United 
States

The Zambian Ministry of Health and partners are implementing a package 
of interventions and surveillance systems in Southern Province in support 
of the national malaria control and elimination agenda. As part of this 
package, mass distribution of long-lasting, insecticide-treated nets (LLINs) 
was implemented in 2014 with the aim of achieving universal coverage 

of all household sleeping spaces and a net utilization rate of 80%. We 
estimated the cost of this mass distribution of LLINs in 183 health facility 
catchment areas (HFCAs) in ten districts in Southern Province. Various 
partners were engaged at different stages of implementation, which 
included importing LLINs with delivery to Lusaka, delivery from Lusaka 
to multiple staging locations in Southern Province, delivery from staging 
locations to specific HFCAs, and then delivery by community health 
workers (CHWs) to households in their catchment area. Primary data on 
unit costs of various resources used during implementation, quantities 
of resources used, and key programmatic outputs were obtained from 
programmatic records. The average implementation cost per HFCA in 
2014 was US$28,892. Procurement of LLINs and delivery to Lusaka 
accounted for 54% of the total cost. Other costs included storage, 
loading, offloading (43%), and labor for CHWs, health facility, and 
district-based staff (3%). On average, 1,800 households_representing 
approximately 5,300 sleeping spaces_received LLINs in each HFCA during 
the distribution. A coverage rate of 80% was achieved. The average cost 
per sleeping space reached was US$5.45 (US$15 per household reached). 
These results are preliminary and do not yet include costs associated with 
training and supervision of implementation. Costs of LLIN distribution 
and other malaria interventions are useful for budgeting and planning, 
identifying opportunities to improve program efficiency, and informing 
additional analyses on the cost-effectiveness and budget impact of 
different approaches to malaria elimination.

1624
DETERMINING THE OPTIMAL MODE FOR DELIVERY OF 
SEASONAL MALARIA CHEMOPREVENTION IN MALI

Djirilla Issiaka1, Amadou Barry1, Moctar Tounkara1, Tiangoua 
Traore1, Ibrahim Diarra1, Diakalia Kone2, Mohamed Keita2, Issaka 
Sagara1, Ogobara Doumbo1, Erin Gabriel3, Patrick Duffy4, Michal 
Fried4, Alassane Dicko1

1Malaria Research and Training Center, University of Bamako, Bamako, 
Mali, 2National Malaria Control Program, Bamako, Mali, 3BRB/National 
Institute of Allergy and Infectious Diseases/National Institutes of Health, 
Rockville, MD, United States, 4Laboratory of Malaria Immunology and 
Vaccinology/National Institute of Allergy and Infectious Diseases/National 
Institutes of Health, Rockville, MD, United States

Seasonal malaria chemoprevention (SMC), the administration of complete 
therapeutic courses of antimalarials to children aged 3-59 months during 
the malaria transmission season, is a new strategy recommended by 
WHO for malaria control in Sahelian countries with seasonal transmission 
such as Mali. The strategy is a highly cost-effective approach to reduce 
malaria burden in these areas. Despite the huge benefit of SMC on malaria 
infection and disease, the optimal approach to deliver SMC remains to be 
determined. While fixed-point delivery (FPD) combined with non-directly 
observed treatment (NDOT) by community health workers is attractive for 
the SMC implementation, it needs to be evaluated and compared to other 
modes of delivery. To determine the optimal mode (fixed-point (FPD) vs 
door-to-door delivery (DDD); directly observed treatment (DOT) vs. non-
DOT (NDOT)), 32 villages in four health sub-districts were randomized to 
receive three rounds of SMC with SP+AQ at monthly intervals using one 
of the following methods: FPD+DOT; FPD+NDOT; DDD+DOT; DDD+NDOT. 
The primary endpoint was SMC coverage assessed by cross-sectional 
survey in 2,132 children at the end of intervention period. Coverage 
was defined as the proportion of children who received all three days 
of SMC treatment during the three monthly rounds (primary endpoint). 
Coverage was significantly higher in children who received SMC using 
DDD compared to FPD (76.1% versus 62.2%), p = 0.0028). It was similar 
in children who received SMC using DOT or NDOT (68.2% versus 68.6%; 
p = 0.95). When the four arms are compared, coverage was highest in 
DDD+NDOT (77.7%), followed by DDD+DOT (74.5%), FPD+DOT (64.2%) 
and FPD+NDOT (60.0%), p =0.038. In summary, door-to-door delivery of 
SMC provides better coverage than FPD. Directly observed therapy, which 
requires more time and resources, did not improve coverage with SMC.
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1625
MDA-A: AN ANDROID-BASED ODK TOOL TO SUPPORT FIELD 
DATA COLLECTION AND MANAGEMENT FOR A MALARIA 
MASS DRUG ADMINISTRATION TRIAL IN ZAMBIA

Chris Lungu1, Benjamin Kayungwa1, Timothy Finn2, Thom Eisele2, 
John M. Miller1

1PATH MACEPA, Lusaka, Zambia, 2Department of Global Health Systems 
and Development, Tulane University School of Public Health and Tropical 
Medicine, New Orleans, LA, United States

Since 2011, the Zambia Ministry of Health (MoH) has developed time-
limited antimalarial treatment campaigns conducted by trained community 
health workers (CHWs) to reduce the malaria parasite reservoir in an 
area of Southern Province with current high levels of malaria prevention 
coverage. These operational research activities focused on mass drug 
administration (MDA) or focal MDA (fMDA) targeting 60 health facility 
catchment areas (HFCAs) randomized for participation. Key to monitoring 
uptake of treatment interventions is collection of intervention data on a 
large scale across all HFCAs. Data collection tools were developed and 
have been used by CHWs and enumerators that visit households as part 
of a cross-sectional campaign or longitudinal cohort study. An application, 
MDA-a, was developed on an Android platform using ODK survey 
software. It is used to document data of all eligible household participants 
including their existing coverage and use of prevention interventions, travel 
histories, and results from malaria parasite tests. Adherence monitoring 
to taking DHAp (anti-malaria drug dihydroartemisinin-piperaquine) for 
mass and focal treatment administration is also done by in-field data 
exchange among adherence officers accompanying testing pairs. The 
application monitors the campaign process by the CHW-enumerator 
pair team and adherence to treatment administered by the testing pair 
team matched to individuals from a household. We will describe the 
development of MDA-a, using android-based smart phones at catchment 
level for large volume data handling, to effectively plan, implement, and 
monitor MDA activities. The implementation of MDA-a, its functionality, 
and field use experience during the two rounds of the MDA trial in Zambia 
will be discussed. Results show that in the first round a total of 35,996 
households were involved in the MDA and fMDA arms, with 81% of 
household members tested for malaria in the fMDA arm, and 89% in the 
MDA arm. Malaria incidence in these areas was low to modest, with a 
rapid diagnostic test prevalence of 8.3%.

1626
MASS TESTING AND TREATMENT FOR MALARIA FOLLOWED 
BY WEEKLY VISITS TO SCREEN FOR FEVER CASES IN LOW 
TRANSMISSION AREAS IN MATAM AND LOUGA REGIONS, 
SENEGAL: A PILOT STUDY

Farba Faye1, Caterina Guinovart2, Yakou Dieye1, Badara Cisse1, 
Adama Tall1, Michael Hainsworth2, Callie Scott2, Ruben Conner2, 
Mame Demba Sy3, Doudou Sene3, Souleymane Ba3, Elhadji 
Doucoure3, Tidiane Thiam3, Ritu Kumar2, Michael Kalnoky2, 
Moustapha Cisse3, Fatou Ba Fall3, Mady Ba3, Duncan Earle4, 
Philippe Guinot1, Richard Steketee2

1PATH, Dakar, Senegal, 2PATH, Seattle, WA, United States, 3Ministry of 
Health, Dakar, Senegal, 4PATH, Lusaka, Zambia

Population-wide interventions using antimalarial drugs to decrease the 
reservoir of Plasmodium falciparum infection are malaria elimination 
tools that need further evaluation in different transmission settings. A pilot 
quasi-experimental study of a malaria mass testing and treatment (MTAT) 
followed by weekly screening of fever cases was conducted in six health 
post catchment areas in the districts of Kanel, Linguère, and Ranérou 
(Senegal). Seven adjacent health posts with similar characteristics and 
malaria incidences were selected as controls. Villages within the catchment 
areas were stratified according to the 2013 incidences of passively 
detected malaria cases, and those with an incidence ≥15 cases/1000/year 

were targeted for an MTAT early in the 2014 malaria transmission season 
(September). All households were visited, all consenting individuals were 
tested with a rapid diagnostic test (RDT), and, if positive, treated with 
dihydroartemisinin-piperaquine. Following the MTAT, a weekly screening 
of fever cases, testing (only fever cases were tested), and treatment was 
conducted in all households throughout the transmission season until 
end of January 2015. To evaluate the impact of the interventions, the 
incidence of passively detected, RDT-confirmed malaria cases at the health 
posts will be compared before and after the intervention and between 
intervention and control villages. During the MTAT, 1954 (83%) of 2361 
total households were visited, 16,583 (86%) out of 19,389 individuals 
were tested, and of those 1.5% had a positive RDT (ranging from 0.5% to 
5.2% by health post). Overall, 44% of infections occurred in households 
with at least one other infection and 94% of households did not have any 
RDT positives; 82% of RDT-positive individuals were younger than 20 years 
old, 72% were asymptomatic (no fever or history of fever in the last 24 
hours), and 85% completed treatment. All reported adverse events (9.5% 
vomited, 3.5% had fever and 0.4% had itching) were mild and tolerable. 
Results of the impact evaluation, assessment of geographical clustering of 
infections, and estimates of implementation costs will be available in mid-
2015.

1627
REVIEW OF DATA STRENGTHENING PROCESS FOR MALARIA 
SURVEILLANCE SYSTEM, ZAMBIA

Marie-Reine Rutagwera1, John Miller1, Michael Hainsworth1, 
Chris Lungu1, Prudence Malama1, Kalenga Kakompe1, Mercy 
Mwanza2, Mulakwa Kamuliwo2

1PATH, Lusaka, Zambia, 2Ministry of Health, Lusaka, Zambia

A robust, high-quality surveillance system is crucial for the Zambia Ministry 
of Health to achieve its goal of at least five malaria free zones by 2015. 
Effective malaria control depends on timely acquisition of high-quality 
data to efficiently deploy supplies, plan interventions, and focus attention 
where most needed. To inform action and monitor progress towards this 
goal, MACEPA supported the Zambia National Malaria Control Program 
to establish a scalable Rapid Reporting system at health facility and 
community levels in 2011. This system is currently active in 36 districts 
and was designed to track malaria outpatient trends, malaria diagnostics, 
and treatment commodities at health facility and community levels using 
the DHIS2 mobile reporting platform with low cost mobile phones. Data 
quality standards to strengthen malaria surveillance are enforced at two 
levels. Within DHIS2, dashboard charts are used to identify outliers, 
data validation rules are checked to identify logical errors, and summary 
reports are run to review completeness and timeliness. At the facility and 
community levels, routine data quality audits (RDQA) compare data in 
source documents with reported data on DHIS2. The RDQA approach 
includes monitoring and technical support (MTS) to discuss key findings, 
develop data quality improvement action plans, and provide necessary 
field-level support. The RDQA and MTS approach identifies data to be 
corrected and reporting procedures to strengthen, provides feedback to 
community and health facility staff, and promotes capacity building and 
collaboration across multiple levels of the health system. Factors identified 
in 2015 that affect reporting completeness and timeliness include staff 
turnover with poor hand-over procedures, poor network coverage, and 
damaged or lost phones. Sources of most data quality problems included 
entering data incorrectly on mobile phones and incomplete aggregation of 
data from registers. Thus, integration of monitoring and technical support 
with data audits can provide instant on-site capacity building and promote 
collaboration between health facility staff and the local health teams.
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1628
CASE INVESTIGATION WITH REACTIVE FOCAL TESTING AND 
TREATMENT FOR MALARIA IN A LOW-TRANSMISSION AREA 
IN AMHARA REGION, ETHIOPIA

Asnakew Kebede Yeshiwondim1, Callie Scott2, Caterina 
Guinovart2, Belendia Serda1, Berhane Tesfay1, Adem Agmas1, 
Belay Bezabih3, Melkamu Zeleke1, Girma Guesses1, Asmamaw 
Ayenew1, Worku Workie1, Elias Asefaw Zageye1, Pooja Bansil2, Rick 
Steketee2, Asefaw Getachew1

1PATH, Addis Ababa, Ethiopia, 2PATH, Seattle, WA, United States, 3Amhara 
National Regional State Health Bureau, Bahir Dar, Ethiopia

When malaria transmission is low, investigation of individual cases 
and neighboring households is a means of identifying and containing 
the source and spread of infections. Case investigation with testing 
and treatment for malaria in the case and neighboring households 
was implemented in ten intervention villages in Amhara Region, 
Ethiopia during the 2014 transmission season. Intervention villages 
were purposively selected and matched with control villages based on 
the incidence of passively detected Plasmodium falciparum (Pf) and 
mixed malaria cases during the 2013 malaria transmission season. In 
intervention villages, a passively detected Pf or mixed index case triggered 
an investigation that targeted the index case household and up to ten 
neighboring households in a 100-meter radius. All available household 
members received a rapid diagnostic test (RDT) and RDT-positive individuals 
received artemether-lumefantrine (Pf, mixed) or chloroquine (P. vivax 
[Pv]). From October to November, 2014, 353 Pf or mixed index cases 
were passively detected in the intervention villages. Of these, 209 (59.2%) 
were investigated; 88.9% were male; 63.5% were aged 20-39 years; 
and 61.5% spent ≥1 night away from home in the last month, ranging 
from 0.0% to 96.6% by village. Among the 3,711 residents in the 838 
households investigated, 2,923 (78.8%) received an RDT and 121 (4.1%) 
were RDT-positive (2.4% Pf, 0.6% Pv, and 1.2% mixed). Comparisons 
between intervention and control villages and estimates of implementation 
costs will be available in October 2015. In six of ten villages, few 
index cases and secondary cases were identified, suggesting little local 
transmission. In three of ten villages, many index cases were identified, 
most had a history of travel, and few secondary cases were identified, 
suggesting importation with little local transmission. In one of ten villages, 
no cases had a history of travel and many secondary cases were identified, 
suggesting substantial local transmission. To achieve malaria elimination 
in Amhara Region, intervention strategies targeting these patterns of 
transmission and population movement are required.

1629
MULTI-COUNTRY ROUTINE DATA QUALITY ASSESSMENT 
(RDQA) FOR MALARIA INFORMATION

Jeff Bernson1, Michael Hainsworth1, Marie-Reine Rutagwera2, 
John Miller2, Chris Lunga2, Adem Ahmed3, Melkamu Zeleke4, 
Girma Guesses4, Asmamaw Ayenew4, Worku Workie4, Prudence 
Malama5, Kalenga Kakompe5, Mercy Mwanza5, Mulakwa 
Kamuliwo5

1PATH, Seattle, WA, United States, 2PATH, Lusaka, Zambia, 3PATH, Addis 
Ababa, Ethiopia, 4PATH, Addis Ababa, Zambia, 5Ministry of Health, Lusaka, 
Zambia

As National Malaria Control Programs increasingly focus on malaria 
elimination, real time, accurate, and actionable data are critical to target 
geographies and populations and to optimize the allocation of resources. 
The MACEPA project assessed the quality of weekly data captured through 
a mobile phone application built on DHIS2 in Ethiopia and Zambia over a 
24-month period to understand how data quality improvement practices 
can be strengthened to support system needs for rapid and more focal 
data. Data was captured from 209 health facility catchment areas across 
four health zones in Amhara Region, Ethiopia, covering an estimated 
population of 1.6 million in Ethiopia and 220 facility catchments in 

Southern Province, Zambia, covering a population of nearly 2 million in 
Zambia. We used two methods for assessing data quality: applying data 
validation rules on reported data elements directly in DHIS2 to check 
for logical inconsistencies and produce performance indicators around 
reporting, completeness, timeliness, and validity; and applying a routine 
data quality assessment tool to describe the strengths and gaps in the data 
management and reporting systems, comparing source data from health 
facility registries with data reported through the mobile phone-based 
rapid reporting system. This multi-country approach has produced well 
documented, promising quality assessment practices and lessons learned 
along with an opportunity to compare the quality of data from rapid 
reporting systems in different contexts: varying malaria incidence profiles, 
different mobile technology, role of data reporters, and levels of support 
by partners and national health systems, providing insights into factors to 
strengthen and normalize data quality.

1630
SAIMIRI BOLIVIENSIS AS A MODEL TO STUDY MOSQUITO 
TRANSMISSION OF PLASMODIUM VIVAX

Jennifer S. Armistead1, Juliana M. Sá2, Roberto R. Moraes 
Barros2, Thomas E. Wellems2, John H. Adams1

1Department of Global Health, University of South Florida, Tampa, FL, 
United States, 2Laboratory of Malaria and Vector Research, National 
Institute of Allergy and Infectious Diseases, National Institutes of Health, 
Rockville, MD, United States

Despite the global burden of malaria disease caused by Plasmodium 
vivax, little advancement has been made to enable the study of this 
parasite’s unique biology. Lack of an in vitro continuous culture system 
has made non-human primates (NHPs) a critical model to study P. vivax 
asexual and sexual stages, and mosquito transmission. It has also become 
the main source of intraerythrocytic stages and sporozoites to investigate 
drug efficacy, liver stage biology, dormant hypnozoite forms, and relapse. 
Despite the suitability of NHPs for P. vivax infection, efforts to produce a 
robust, reliable model of the complete life cycle have been limited, and this 
invaluable tool remains elusive. Using recombinant progeny from a genetic 
cross between subpopulations of a P. vivax line with chloroquine sensitive 
(VK210) and resistant (VK247) parasites (NIH-1993-S×NIH-1993-R) we 
are evaluating conditions to maximize production of sporozoites and 
select an adapted line to complete the parasite life cycle using Saimiri 
boliviensis monkeys. Infections initiated via intravenous inoculation of 
infected erythrocytes varied widely in time to patency and intensity, but 
parasitemias reaching ~1% were obtained. Anopheles freeborni and 
An. albimanus were found to be the most competent vectors among 
those tested. Oocyst and sporozoite counts indicated that artificial 
membrane feeding following serum replacement with human AB+ serum 
produced the most intense infections. No correlation was found between 
the intensity of mosquito infection and parasitemia or gametocytemia. A 
more sensitive molecular assay to retrospectively correlate gametocytemia 
and the male:female sex ratio with transmission success is under 
development. Our findings will provide important information regarding 
the utility of this New World monkey as a model to study P. vivax biology, 
and to facilitate development of novel diagnostics, effective antimalarial 
drugs and vaccines, which will be indispensible for malaria eradication.
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1631
PHASE 1, DOSE ESCALATION, RANDOMIZED CONTROLLED 
TRIAL TO EVALUATE THE SAFETY, IMMUNOGENICITY AND 
EFFICACY OF INTRAVENOUSLY ADMINISTERED ATTENUATED 
PLASMODIUM FALCIPARUM SPOROZOITE VACCINE IN 
TANZANIAN ADULTS: PRELIMINARY RESULTS

Said A. Jongo
Ifakara Health Institute, Bagamoyo, United Republic of Tanzania

A Phase 1 study of PfSPZ Vaccine administered IV at doses ranging from 
2,000 to 135,000 PfSPZ in USA showed the vaccine is safe, well-tolerated 
and immunogenic in malaria naïve population in the U.S. It is important 
to know early on if there are differences with endemic population. The 
present double blind placebo controlled trial was conducted at the 
Bagamoyo Clinical Trials Unit of the Ifakara Health Institute in Tanzania 
and aimed at demonstrating that doses of 135,000 and 270,000 PfSPZ 
are safe, immunogenic and effective in African population as in USA. A 
total of 73 healthy adult male subjects were enrolled according to pre-
defined inclusion and exclusion criteria into five groups. The 1st group of 3 
volunteers were given 3 ascending doses of 30,000, 135,000 and 270,000 
PfSPZ each, at 4 weeks interval for demonstration of safety. The 2nd and 
3rd groups had 20 out of 24 subjects per group given 5 vaccinations of 
135,000 and 270,000 PfSPZ respectively while 4 out of 24 subjects in 
each group were blinded normal saline controls. After the 5th vaccination, 
all subjects in the 2nd and 3rd groups were challenged with controlled 
human malaria infection (CHMI) at 3 weeks and at 24 weeks. The 4th 
group had 6 subjects receiving 5 vaccinations of 270,000 PfSPZ and were 
challenged with CHMI at 24 weeks after the 5th vaccination. The fifth 
group had 16 subjects who were used as unblinded normal saline controls 
for 2nd and 3rd groups during the CHMI at 3 weeks (2 subjects per group) 
and at 24 (6 subjects per group) after the 5th vaccination. The primary 
outcomes were safety and tolerability after each vaccination as well as 
protective efficacy after CHMI with PfSPZ homologous Challenge (NF54). 
Other important outcomes were immune responses after PfSPZ vaccine. 
Preliminary results suggest that the vaccine given at 135,000 PfSPZ and 
270,000 PfSPZ is as safe and well tolerated in Tanzanian adults as in naïve 
US population. The assessment of efficacy using controlled human malaria 
infection for the second, third and fourth groups is underway and will be 
presented. Potential future trials to establish effective dose in different age 
groups will be also be discussed.

1632
PROTECTIVE EFFICACY OF PLASMODIUM VIVAX RADIATION 
ATTENUATED SPOROZOITES IN HUMAN VOLUNTEERS
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Amado-Garavito2, Mary López-Pérez2, Andres F. Vallejo2, Angélica 
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Herrera7
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7Malaria Vaccine and Drug Development Center and Caucaseco Scientific 
Research Center, Cali, Colombia

Immunization of human volunteers with radiation-attenuated sporozoites 
(RAS) of Plasmodium falciparum has shown to be highly protective 
against infectious challenge with live sporozoites. Due to the lack of P.vivax 
in vitro cultures, development of a vaccine based on RAS to this species 
has lagged behind. A phase 1/2, controlled clinical trial was conducted 

with the aim of assessing the safety, protective efficacy, and immune 
correlates of protection of immunization with Pv RAS which may guide 
future vaccine development. Healthy adult volunteers were immunized 
with Pv RAS (150 ± 10 cGy) through mosquito bites. Duffy positive (Fy+) 
individuals (n=21) were randomly assigned to either experimental (Exp, 
n=14) or control group (Ctr, n=7), and received bites from irradiated P. 
vivax-infected and non-infected mosquitoes, respectively. Additionally, 
Duffy negative (Fy-) volunteers (n=7) were assigned to a third group and 
received bites of infected non-irradiated mosquitoes in order to assess 
the response to non-attenuated parasites. After each immunization, 
patients were followed-up with clinical assessments and safety laboratory 
tests. After completing a total of seven immunizations, volunteers were 
subjected to a P. vivax sporozoite infectious challenge. A total of 20 
volunteers completed the infectious challenge phase (12 Exp, 3 Ctr and 5 
Fy-). Exp volunteers received a mean of 430 (362-497) infective Pv-irrad-
spz mosquito bites, Ctr, 934 (895-963) non-infective bites and Fy- 442 
(358-487) infected non-irradiated bites. All infected volunteers developed 
symptoms except for one, with a mean incubation period of 9.9 days 
(range 8-13), and a mean pre patent period 12.6 days (range 11-14).
The immunization model with Pv RAS was safe and sterile immunity 
was achieved in five experimental volunteers (42%) with an average 
dose of 418 infectious bites and Fy- volunteers remained negative. The 
overall protection was lower than expected, probably because the planed 
minimal dose was not achieved in all the volunteers (1000 infective bites). 
High throughput immune analyses and correlates of protection will be 
presented.

1633
DIRECT VENOUS INOCULATION: AN INNOVATIVE METHOD 
FOR ADMINISTERING WHOLE SPOROZOITE MALARIA 
VACCINES THAT IS SAFE, WELL TOLERATED, IMMUNOGENIC 
AND HIGHLY PROTECTIVE

Thomas L. Richie1, Robert A. Seder2, Benjamin Mordmüller3, 
Judith E. Epstein4, Mahamadou S. Sissoko5, Sara A. Healy6, Seif A. 
Shekalaghe7, Bertrand Lell8, Gloria P. Gómez-Pérez9, Ally Olotu7, 
Said A. Jongo7, Alexandra L. Singer4, Kirsten E. Lyke10, Matthew 
B. Laurens10, Kristopher M. Paolino11, Julie E. Ledgerwood2, Peter 
F. Billingsley1, B. K.L. Sim1, Eric R. James1, Anita Manoj1, Barney 
S. Graham2, Claudia A. Daubenberger12, Christopher V. Plowe10, 
Marcel Tanner12, Pedro L. Alonso13, Salim Abdulla7, Patrick E. 
Duffy6, Ogobara K. Doumbo5, Peter G. Kremsner3, Stephen L. 
Hoffman1

1Sanaria Inc., Rockville, MD, United States, 2Vaccine Research Center, 
National Institute of Allergy and Infectious Disease, National Institutes 
of Health, Bethesda, MD, United States, 3Institute of Tropical Medicine, 
University of Tübingen, Tübingen, Germany, 4Naval Medical Research 
Center, Silver Spring, MD, United States, 5Malaria Research and Training 
Center, University of Bamako, Bamako, Mali, 6Laboratory of Malaria 
Immunology and Vaccinology, National Institute of Allergy and Infectious 
Diseases, National Institutes of Health, Rockville, MD, United States, 
7Ifakara Health Institute, Bagamoyo, United Republic of Tanzania, 8Centre 
de Recherches Médicales de Lambaréné, Lambaréné, Gabon, 9ISGlobal - 
University of Barcelona, Barcelona, Spain, 10Center for Malaria Research, 
Institute for Global Health, University of Maryland School of Medicine, 
Baltimore, MD, United States, 11Walter Reed Army Institute of Research, 
Silver Spring, MD, United States, 12Swiss Tropical and Public Health 
Institute, Basel, Switzerland, 13World Health Organization Global Malaria 
Programme, Geneva, Switzerland

The oral, intramuscular, subcutaneous (SC) and intradermal (ID) routes 
are often selected to inoculate humans with antigenic material for the 
purpose of inducing long term, protective immunity. The intravenous 
(IV) route, while standard for cellular or humoral immunotherapies and 
immunoprophylaxis (e.g., hepatitis B immune globulin), has not generally 
been used. Sanaria and collaborators are now testing the IV route for a 
vaccine immunogen – whole Plasmodium falciparum (Pf) sporozoites 
(SPZ) – to facilitate targeting the liver. Clinical grade vaccine product 
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was first manufactured in 2008, consisting of aseptic, purified, radiation 
attenuated cryopreserved PfSPZ meeting FDA standards for parenteral 
injection (PfSPZ Vaccine). Initial trials showed high-grade (100%) 
protection against Pf with IV injection through an indwelling catheter 
(IV line), as previously published, but not when injected by the ID or SC 
routes (Epstein et al Science, 2011). Because it is impractical to consider 
immunizing large numbers of individuals by placing an IV line and then 
injecting through it, and to improve operability for mass administration 
campaigns to eliminate malaria, direct venous inoculation (DVI) has been 
developed. A small-bore (25 gauge) needle is inserted, blood “flashback” 
is documented, and the PfSPZ are injected rapidly. This often painless 
procedure has been performed 913 times to inject PfSPZ into 305 adults 
in the US, Germany, Spain, Mali, Tanzania, Gabon and Equatorial Guinea. 
When used for PfSPZ Vaccine, DVI induces high-grade protection after 
3 doses. The injections cause limited local and essentially no systemic 
reactogenicity, and there have been no allergic reactions or disenrollments 
due to adverse events. Moreover, injection of infectious PfSPZ (PfSPZ 
Challenge) by DVI induces Pf infection consistently, and when study 
subjects receive concurrent oral chloroquine, PfSPZ Challenge given by DVI 
induces high levels of protective immunity. Based on the excellent safety, 
tolerability, infectivity and potency record in adults, the first trials of PfSPZ 
administered to infants and children by DVI will be initiated in 2015.

1634
USE OF FLUOROSPOT ASSAY TO ASSESS IFNG, IL2, AND 
IFNG PLUS IL2 RESPONSES AGAINST WHOLE PLASMODIUM 
FALCIPARUM SPOROZOITES AND SELECTED ANTIGENS 
AFTER IMMUNIZATION WITH RADIATION-ATTENUATED 
SPOROZOITES ADMINISTERED BY MOSQUITO BITES 

Harini Ganeshan, Jun Huang, Maria Belmonte, Steve Abot, Arnel 
Belmonte, Joanne Lumsden, Sharina Reyes, Jo Glenna Banania, 
Charlotte Fedders, Anatalio Reyes, Yolanda Alcorta, Alicia 
Simmons, Carlos Vasquez, Santina Maiolatesi, Alexandra Singer, 
Bradley Hickey, Eileen Villasante, Judith Epstein, Martha Sedegah
Naval Medical Research Center, Silver Spring, MD, United States

In vivo depletion experiments in animals have shown that protective 
immunity induced by radiation-attenuated sporozoites (RAS) is dependent 
on CD8+ T cells (mice and non-human primates) and IFNg (mice). Based 
on results from our previous clinical trial where 50% (5 of 10) of subjects 
immunized with RAS were protected after controlled human malaria 
infection (CHMI), the number of bites required to achieve the same 
level of 50% protection was calculated and used for the current study. 
Among the 11 subjects who received an average of 1,027 bites over 5 
immunization-sessions, 6 were protected after CHMI (55%), allowing for 
the study of protective immune effector mechanisms and/or surrogate 
markers of protective immunity. Of the possible 5000 antigens predicted 
to be present in Plasmodium falciparum (Pf), the specific antigens 
involved in protective immunity induced by RAS vaccine is unknown. 
Using the highly robust FluoroSpot assay that assesses single cells 
simultaneously secreting two cytokines, IFNg and IL2, we measured T 
cell responses to purified aseptic sporozoites (SPZ) using freshly isolated 
peripheral blood mononuclear cells (PBMC) from subjects prior to each of 
the 5 immunizations, and before and after CHMI. We also assessed T cell 
responses against overlapping 15-mer peptide pools of four standard Pf 
proteins that have been evaluated in clinical trials, including CSP, AMA1, 
SSP2/TRAP, and CelTOS. All true immunized subjects, but none of the 
mock immunized, developed IFNg and IL2 T cell responses to SPZ. The 
highest magnitude and frequency of responses was detected at 28 days 
post first immunization. At pre-CHMI, there was a trend towards higher 
magnitude of responses and percent responders in protected subjects 
vs. non-protected subjects, but this did not reach statistical significance. 
As expected, responses against the four antigens tested were of lower 
magnitude and prevalence than the responses against whole SPZ. 
Interestingly, all pre-CHMI responses decreased in protected and increased 
in non-protected subjects post-CHMI. A possible hypothesis to explain this 
finding will be discussed.

1635
CHEMOPROPHYLAXIS VACCINATION (CVAC) OF RHESUS 
MACAQUES USING PLASMODIUM KNOWLESI SPOROZOITES 
AND THE ANTIMALARIAL DRUG PYRIMETHAMINE: 
ESTABLISHING A REGIMEN THAT COMPLETELY PREVENTS 
DEVELOPMENT OF BLOOD STAGES

Agnes Mwakingwe1, Sara A. Healy1, Erin Gabriel2, Irfan Zaidi1, 
Lynn Lambert1, Sachy Orr-Gonzalez1, Junhui Duan1, Dariyen 
Carter1, Brandi Butler1, Jen C. Hume1, Charles Anderson1, Sumana 
Chakravarty3, Stephen L. Hoffman3, Patrick E. Duffy1
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Chemoprophylaxis Vaccination (CVac) involves inoculation of Plasmodium 
sporozoites under antimalarial drug coverage, and CVac using chloroquine 
(CQ) has been shown to induce potent and long-lasting immunity in 
humans and animals. The contribution of blood stage immunity versus 
liver stage immunity to protection has been a point of controversy. We 
seek to induce highly effective immunity in humans with CVac regimens 
that kill parasites during liver stage development thus completely inhibiting 
exposure to blood stages. We have conducted a study of a CVac drug 
schedule in Rhesus monkeys. Rhesus macaques were inoculated with 
12,500 purified, cryopreserved, P. knowlesi sporozoites (PkSPZ) by direct 
venous injection (DVI). Monkeys subsequently received oral pyrimethamine 
(PYR; 1 mg/kg) treatment, in an attempt to kill liver stage parasites and 
prevent emergence of blood stage infection. An Up/Down study design 
was implemented to evaluate the appropriate timing of PYR following 
PkSPZ DVI. Groups of macaques were dosed with PYR on either days 1, 
2 (Group 2, n=4) or on days 2, 3 (Group 3, n=7) post PkSPZ. qRT-PCR 
and blood smears were performed from day 5 to day 27 post PkSPZ 
inoculation, to detect subpatent and patent parasitemia respectively. 
All macaques (n=11) in Groups 2 and 3 were blood smear and qRT-PCR 
negative at all time points after PkSPZ inoculation. All control macaques 
that did not receive PYR were qRT-PCR and blood smears positive by day 6 
and day 8, respectively. Upon second and third vaccinations, administered 
4 weeks apart, all macaques in Groups 2 and 3 remained negative for 
subpatent and patent parasitemia. Results from homologous challenge 
(2,500 PkSPZ DVI) to evaluate development of protective immunity will be 
presented. This study provides evidence that PYR following PkSPZ CVac 
can prevent blood stage infection in non-human primates, thus guiding 
the design for an upcoming human trial of CVac with PYR.
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1636
SAFETY AND EFFICACY OF DIRECT VENOUS INOCULATION 
WITH RADIATION ATTENUATED PLASMODIUM FALCIPARUM 
NF54 SPOROZOITES (PFSPZ VACCINE) IN HEALTHY MALIAN 
ADULTS

Mahamadou S. Sissoko1, Sara A. Healy2, Abdoulaye Katile1, 
Bourama Kamate1, Yacouba Samake1, Kourane Sissoko1, Amagana 
Dolo1, Karamoko Niare1, Amadou Niangaly1, Merepen A. Guindo1, 
Erin Gabriel3, Michael Fay3, Irfan Zaidi2, Freda Omaswa4, Eric 
James4, Anita Manoj4, Anusha Gunasekera4, B. Kim Lee Sim4, 
Peter Billingsley4, Thomas L. Richie4, Michael Walther2, Stephen L. 
Hoffman4, Patrick E. Duffy2, Ogobara Doumbo1

1Malaria Research and Training Center, Mali-NIAID ICER, University 
of Science, Techniques and Technologies of Bamako, Bamako, Mali, 
2Laboratory of Malaria Immunology and Vaccinology, National Institute 
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MD, United States, 3Biostatistical Research Branch, National Institute of 
Allergy and Infectious Diseases, Rockville, MD, United States, 4Sanaria Inc, 
Rockville, MD, United States

A double blind, randomized Phase 1/2 clinical trial was conducted in Mali, 
West Africa to assess the safety, immunogenicity and protective efficacy 
of Sanaria® PfSPZ Vaccine administered via direct venous inoculation 
(DVI) against natural malaria exposure in healthy 18-35 year old adults. 
Twelve volunteers (safety group) received 2 doses of PfSPZ Vaccine (Day 
0: 1.35x105 and Day 14: 2.7x105) and 88 volunteers received 5 doses of 
2.7x105 PfSPZ Vaccine or normal saline (Day 0, 28, 56, 84, 140; total dose 
of 13.5 x 105). The incidence and severity of local and systemic adverse 
events occurring within 7 days after each dose were solicited. During the 
malaria transmission season, volunteers were examined and blood smears 
obtained every 2 weeks for 20 weeks in total, with the primary efficacy 
endpoint being time to first positive blood smear. Injection site pain, 
headache, fatigue, myalgia, and pyrexia were the most frequent solicited 
adverse events in both vaccine groups. There was no significant difference 
in local site reactogenicity, solicited systemic adverse events, or laboratory 
abnormalities between PfSPZ Vaccine and control volunteers. In this adult 
population, malaria transmission was intense with 93% (41/44) of the 
control group having at least one positive blood smear. Vaccine efficacy 
beginning 28 days after the last dose of PfSPZ Vaccine and through the 
next 20 weeks by estimated by cox proportional hazard 48% (15 , 69) 
P-value: 0.01 and by proportional analysis was 29% [8, 47], p = 0.006. 
Immunogenicity, measured by PfCSP antibody responses by ELISA, was not 
predictive of individuals who remained blood smear negative throughout 
the transmission season. The study demonstrates that repeated DVI 
administration of the PfSPZ Vaccine in a healthy adult African population 
was easy to administer, safe, well tolerated and efficacious in an intense 
seasonal malaria transmission area of Mali. To our knowledge, this is the 
highest estimated protective efficacy against Pf parasitemia for 6 month 
follow-up vaccination of African adults. We are now working on altering 
the immunization regimen to increase immune responses and protective 
efficacy.

1637
A MODEL FOR DEPLOYMENT OF CRYOPRESERVED PFSPZ 
VACCINE FOR FOCAL ELIMINATION OF MALARIA ON BIOKO 
ISLAND

Eric R. James1, Adam J. Ruben1, Aderonke O. Awe1, Henry 
Huang1, José Raso2, Peter F. Billingsley1, Thomas L. Richie1, Ally 
Olotu3, Alli Hamad3, Chris Schwabe4, Dianna Hergott4, Carl Maas5, 
Marcel Tanner6, Anita Manoj1, Betty K. Sim1, Salim Abdulla3, 
Stephen L. Hoffman1
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PfSPZ Vaccine, composed of aseptic, purified, radiation-attenuated, 
cryopreserved, P. falciparum (Pf) sporozoites (SPZ) is being assessed 
in multiple clinical trials in the USA, Europe and Africa. The goal is to 
finalize a 3-dose regimen that induces high level (>80%), durable (>6 
months) protection against controlled human malaria infection and 
natural exposure by heterologous/heterogeneous Pf parasites. The PfSPZ, 
being eukaryotic organisms, are cryopreserved and stored and distributed 
through a liquid nitrogen vapor phase (LNVP) cold chain. The clinical 
development plan has a goal of licensure by mid to late 2018 for non-
immune travelers and early 2019 for use in targeted focal elimination 
campaigns, for which it will serve as an ideal tool alone or in combination 
with other control measures. The first campaign is planned for Bioko 
Island, Equatorial Guinea. Bioko is ~2,000 km2 and has a population 
estimated for 2018 of ~300,000, concentrated in the capital, Malabo. 
The island is accessible by automobile, 95% of houses are currently 
mapped, and 85% of residents enumerated using a tablet-based 
Campaign Management Information System. Vaccine will be airfreighted 
to Malabo in large LNVP dry shippers each containing 5 x 104 cryovials 
and transferred at a central store to a LNVP cryobank or directly into small 
LNVP dry shippers for transport to the immunization clinics. Options for 
vaccinating Bioko’s population include fixed clinics, mobile clinics, and 
door-to-door vaccination. Each will be tested in a trial of 3,000 subjects in 
2017. The LNVP dry shippers (free-standing, independent of electricity) will 
serve both for delivery and for temporary storage on a rotating schedule 
to fixed or mobile clinics. Each dry shipper will hold up to 1,000 single 
dose vaccine vials. Plans include immunizing 15,000 people per day and 
completing each immunization round in 4 weeks. The assumptions and 
challenges of this and other approaches will be discussed. As the first 
such focal elimination campaign, Bioko Island will serve as a crucial test of 
the distribution logistics for PfSPZ Vaccine and as a model for subsequent 
campaigns.

1638
ASSESSING AND INCREASING THE POTENCY OF 
PLASMODIUM FALCIPARUM SPOROZOITES FOLLOWING 
CRYOPRESERVATION

Adam J. Ruben1, Eric R. James1, Aderonke O. Awe1, Henry 
Huang1, Sumana Chakravarty1, Michelle Laskowski1, Enni 
Fomumbod1, Soundarapandian Velmurugan1, Patricia De La Vega1, 
Maria Orozco1, Anita Manoj1, Sandra M. Riera2, Sangeeta M. 
Bhatia2, B. Kim Lee Sim1, Stephen L. Hoffman1
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Sanaria has a unique capability to manufacture aseptic, purified 
Plasmodium falciparum (Pf) sporozoites (SPZ), which are stored 
in liquid nitrogen vapor phase until clinical use. The effectiveness of 
thermostabilization is shown by 100% protection of volunteers against 
controlled human malaria infection (CHMI) after immunization with 
radiation-attenuated PfSPZ (PfSPZ Vaccine); 100% infection following 
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injection of infectious PfSPZ (PfSPZ Challenge); and 100% protection 
against CHMI when chloroquine is given concurrently with PfSPZ 
Challenge (PfSPZ-CVac approach). These results using cryopreserved PfSPZ, 
unprecedented in clinical vaccinology, indicate that Sanaria’s PfSPZ are 
potent and infective. They are also concordant with the results of 4 in 
vitro assays we use to monitor PfSPZ viability and potency: a membrane 
integrity assay, 3- and 6-day hepatocyte assays that assess PfSPZ 
infectivity in hepatocytes, and an axenic culture assay that measures PfSPZ 
transformation in cell-free culture. By these assays, cryopreservation leads 
to losses of ~10%, 5%, 5% and 40%, respectively, compared to freshly 
dissected PfSPZ, while the micropatterned cellular co-culture (MPCC) assay 
integrates multiple aspects of viability and shows cryopreservation losses 
of 85% to 90%. These reductions compare very favorably with those of 
other live vaccine agents after thermostabilization but also indicate that 
process improvements could enable more efficient manufacturing and 
lower cost of goods. To this aim, Sanaria has focused on improving 3 
areas using Pf, P. vivax (Pv) and P. yoelii (Py) SPZ: cryoprotectant additive 
mixtures, freezing protocols, and thawing methods. Combining several 
approaches, we have doubled the infectivity and potency of cryopreserved 
PySPZ in vivo. In the MPCC assay infectivity has been increased by 2- to 
3-fold for both PfSPZ and PvSPZ. When integrated into manufacturing 
processes in the future, these improvements are expected to reduce by 
2- to 3-fold the numbers of PfSPZ required to achieve high-level protective 
efficacy or infectivity after administration of PfSPZ Vaccine, PfSPZ-CVac, or 
PfSPZ Challenge, respectively.

1639
THEY SAID IT COULD NOT BE DONE: MANUFACTURING 
PFSPZ VACCINES AT SCALE FOR MALARIA ELIMINATION

B. Kim Lee Sim1, Anita Manoj1, Tao Li1, Abraham Eappen1, Eric 
R. James1, Sumana Chakravarty1, Adam M. Richman1, MingLin Li2, 
Richard E. Stafford1, Adam J. Ruben1, Yun Wu2, Peter F. Billingsley1, 
Stephen L. Hoffman1

1Sanaria Inc., Rockville, MD, United States, 2Protein Potential LLC, 
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Sanaria® PfSPZ Vaccine and PfSPZ-CVac are highly protective vaccines 
targeting Plasmodium falciparum (Pf) that are currently in clinical trials 
in the US, Europe and multiple countries in Africa. The immunogen 
comprises aseptic, purified, cryopreserved, metabolically active whole Pf 
sporozoites (SPZ) attenuated by irradiation or an antimalarial drug. The 
PfSPZ consortium of international investigators met on March 11-12, 
2015 in Germany to develop plans to urgently move these promising 
PfSPZ vaccines forward. Evidence that such radiation attenuated PfSPZ 
administered to humans by mosquito bite could confer sterile protection 
has been available since the 1970s. Why then was this approach not 
developed as a vaccine? In large part this was due to the misconception 
that such a vaccine that met regulatory and cost of good standards could 
not be manufactured. The idea that aseptic mosquitoes, highly infected 
with PfSPZ, could be reared and the PfSPZs harvested was considered 
an impossible dream. Compounding this notion was the thought that 
purifying these PfSPZs and stabilizing them for pharmaceutical use was 
not possible. Sanaria’s manufacturing team has optimized the Pf life 
cycle in compliance with current Good Manufacturing Practices to obtain 
>1.5x105 infectious PfSPZ/ aseptic mosquito. Nonetheless, there continues 
to be disbelief that a mosquito can ever be raised as an aseptic organism. 
Sanaria’s aseptic mosquitoes are quality controlled to pass USP<71> 
sterility tests that are mandated for aseptic manufacture. But how can 
PfSPZs be harvested from each mosquito salivary gland in a manner that 
is compatible with GMP at scale? Our operators harvest at average rates 
of 3 mosquitoes/minute. Thus a single lot of 1x103 vials of PfSPZ vialed at 
1.5x105 PfSPZ per vial requires a team of 6 dissectors working for 2 hours; 
a yield of 3x103doses of PfSPZ-CVac. Our automated dissection intends on 
harvesting 1 mosquito/sec. Our cryopreservation methodology stabilizes 
PfSPZ for >4 years. This presentation will de-mystify our manufacturing 
process and explain the specifics of how we intend to manufacture for 
Phase 3 clinical trials and product launch.

1640
THE NF54-BASED WHOLE-ORGANISM PFSPZ VACCINE IN THE 
CONTEXT OF GLOBAL GENETIC DIVERSITY OF PLASMODIUM 
FALCIPARUM: IMPLICATIONS FOR SELECTION OF VACCINE 
AND CHALLENGE STRAINS

Kara A. Moser1, Elliott F. Drábek1, Amed Ouattara2, Cesar 
Arze1, B. Kim Lee Sim3, Stephen L. Hoffman3, Judith E. Epstein4, 
Christopher V. Plowe2, Joana C. Silva1

1Institute for Genome Sciences, University of Maryland School of Medicine, 
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Genetic diversity in Plasmodium falciparum (Pf) is an obstacle to 
broadly efficacious malaria vaccines. The attenuated whole-organism 
malaria vaccine PfSPZ Vaccine is based on the African strain NF54, the 
parental stock of the reference Pf isolate 3D7. Controlled human malaria 
infection (CHMI) trials are underway to replicate initial promising results 
from homologous CHMI, and to assess heterologous protection using the 
South American strain 7G8. The degree of genetic dissimilarity between 
NF54 and strains used in CHMI, as well as to circulating strains in natural 
populations, can assist in the interpretation of protective efficacy, in the 
identification of additional challenge strains, and in the determination 
of whether regional-based or multivalent whole-organism vaccines are 
needed. To this end, we utilized whole-genome sequencing data from 32 
clinical isolates from Africa and southeast Asia (SEA), which we compared 
with NF54, 7G8, and NF135 (the latter an isolate from SEA and potential 
vaccine component). We generated SNP calls relative to 3D7 for a panel 
consisting of ~1 million validated variable positions in protein-coding 
genes. We identified an average of 4,200, 4,500 and 5,300 SNPs in 
samples from East and West Africa and SEA, respectively. Similarly to 
clinical samples from SEA, NF135 differs from 3D7 in 5,280 SNPs, while 
the difference between 7G8 and 3D7, at 4,722 SNPs, is intermediate 
between that of African and of SEA samples. With no SNPs called, 
NF54 is identical to 3D7 in all nucleotide positions in the panel. Principal 
coordinate analysis using genetic distances between samples showed a 
clear separation of strains from Asia and Africa according to the first two 
coordinates, with NF135 clustering with the former. NF54 clustered more 
closely with strains from West Africa, and 7G8 appears in the periphery 
of the African clade according to the first four components, suggesting 
clear differences but close ancestry between them. These results suggest 
that heterologous challenge studies demonstrating efficacy of PfSPZ in 
preventing infection against 7G8 would be very encouraging for the 
prospect of its efficacy in Africa.

1641
MECHANISTIC CHARACTERIZATION OF THE COMPLEMENT 
RECEPTOR 2 DERIVED PEPTIDE P28 AS A POTENT ADJUVANT 
FOR VACCINES

Elke S. Bergmann-Leitner, Casey Storme, Heather Hosie, 
Elizabeth Duncan, Tatyana Savransky, Evelina Angov
Walter Reed Army Institute, Silver Spring, MD, United States

Second generation malaria vaccines are currently being identified with 
the help of reverse vaccinology, which takes advantage of genome- and 
proteome-based antigen discovery. Targeting immune responses to 
antigens expressed on sporozoites ideally impacts the ability of parasites 
to migrate to the liver and/or infect hepatocytes. The Plasmodium 
Cell-Traversal protein for Ookinetes and Sporozoites (CelTOS) plays an 
essential role in parasite movement in both, mosquitoes and vertebrates, 
and is required for successful infection. We previously characterized the 
ability of a CelTOS-based protein vaccine to induce protective immunity 
in preclinical models using conventional adjuvants. To overcome the 
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shortcomings plaguing malaria vaccines, i.e., requirement for large 
antigen doses and short duration of protection, we employed a peptide 
adjuvant that has been shown to greatly enhance the immunogenicity 
of circumsporozoite protein (CSP). The peptide is based on the minimal 
binding site for complement receptor 2 (CD21) of complement factor C3d. 
Antigen uptake and activation studies with bone marrow derived dendritic 
cells revealed superiority of the PfCelTOS-p28 chimeric protein over the 
wildtype PfCelTOS. Mice were immunized with different doses, containing 
or lacking extraneous adjuvant (Montanide) to determine the optimal dose 
of the vaccine for a subsequent challenge with heterologous P. berghei 
sporozoites. The cellular analysis revealed a) that significant IFN-γ and IL-4 
responses were induced even in the absence of extraneous adjuvant, and 
b) superiority in the magnitude of the responses compared to the wildtype 
PfCelTOS. Immunization with 100 fold lower dose of the chimeric protein 
(0.1 µg PfCelTOS-p28) had a higher efficacy (80%) than immunization 
with adjuvanted wildtype protein (10 µg). Studies are underway to 
determine the longevity of the protective response. In conclusion, 
targeting a protein vaccine to CD21 using this peptide adjuvant can greatly 
enhance immunity and can also bypass the need for extraneous adjuvant. 

1642
THE COMBINED IMPACT OF TRANSMISSION-BLOCKING 
DRUGS AND RTS,S VACCINES IS SYNERGISTIC?

Ellie Sherrard-Smith, Leanna Upton, Sara Zakutansky, Katarzyna 
Sala, Azra Ghani, Thomas S. Churcher, Andrew Blagborough
Imperial College London, London, United Kingdom

The Malaria Vaccine Roadmap aims to develop a vaccine that provides 
80% protective efficacy against Plasmodium falciparum by 2020. The 
most advanced malarial vaccine is currently the pre-erythrocytic vaccine 
RTS,S which targets the circumsporozoite protein (CSP) and has been 
shown in clinical trials to reduce the clinical incidence of malaria in 
children by 46% (range 40 - 77%). It is thought to be most efficacious 
in regions of low transmission. Methods to reduce mosquito-to-human 
transmission within a given region prior to vaccine application could 
enhance the vaccine’s overall effectiveness. One approach could be the 
use of partially effective transmission blocking interventions (TBIs) which 
aim to reduce human-mosquito transmission. Using mosquito-vertebrate 
systems we estimate the combined impact of a TBI candidate (atovaquone) 
and a pre-erythrocytic vaccine (which targets CSP in a similar manner to 
RTS,S and has an estimated efficacy of approximately 50%) to determine 
whether the different interventions are antagonistic, additive or synergistic. 
A mathematical model is developed which captures the population 
dynamics of the parasite in the mosquito and mouse population and is 
used to estimate the mosquito-to-vertebrate and vertebrate-to-mosquito 
transmission probabilities and how they change following the introduction 
of vaccine. The functional relationship between the probability of blood-
stage infection and quantity of oocysts in the mosquito mid-gut does not 
change with TBI treatment but the number of oocysts is reduced at lower 
biting rates (and eliminated at 1 or 2 bites after 4 successive generations). 
The estimated probability of transmission to the vertebrate is therefore 
lower with TBIs compared to control estimates. We present and discuss the 
potential benefits of using TBIs with RTS,S-like vaccines to reduce malarial 
transmission.

1643
A NEWLY ENGINEERED MUTANT OF THE PLASMODIUM 
VIVAX DUFFY BINDING PROTEIN ENHANCES INDUCTION OF 
BROADLY NEUTRALIZING ANTIBODIES

Francis B. Ntumngia1, Miriam T. George1, Edwin Chen2, Niraj H. 
Tolia2, John H. Adams1

1University of South Florida, Tampa, FL, United States, 2Washington 
University School of Medicine, St. Louis, MO, United States

The vital role Plasmodium vivax Duffy binding protein (DBP) in blood-
stage development justifies its consideration as a vaccine candidate. 

However, similar to other microbial vaccine candidates the polymorphic 
nature of this ligand represents a serious problem that may compromise 
efficacy of a DBP vaccine. In particular there is the tendency for immunity 
to be strain specific. Our hypothesis is that polymorphic dominant B cell 
epitopes of DBP represent an evasion mechanism to misdirect immune 
responses away from functional, conserved epitopes. Consistent with 
this interpretation, the dominant B cell epitopes in DBP are polymorphic 
surface-exposed motifs adjacent to the dimer interface but these variable 
residues are generally not important for binding the erythrocyte receptor 
DARC. To overcome the inherent bias towards strain immunity, we 
previously evaluated an engineered DBP mutant DEKnull that partially 
overcame strain-specific immunity. In the current study we have evaluated 
three additional novel engineered DBP immunogens that altered (1) 
variant epitopes, (2) functional residues, and (3) residues for dimerization. 
Each strategy altered the nature of functional antibodies elicited and 
importantly design #1 induced more broadly neutralizing antibodies 
against a range of diverse allelic variants. The successful results indicate a 
potential approach that can be used generally to improve efficacy of other 
malaria vaccine candidates. Structural studies into these novel antigens are 
currently underway.

1644
IDENTIFICATION AND CHARACTERIZATION OF NEW 
PLASMODIUM VIVAX ANTIGENS AS POTENTIAL TARGETS 
FOR PRE-ERYTHROCYTIC VACCINES AGAINST VIVAX 
MALARIA

Mindy Leelawong1, Julio A. Ventocilla1, Karina P. Leiva1, Emily 
Smith2, Kimberly A. Edgel2, Gissella Vasquez1, Robert Gerbasi1, 
Eileen Villasante2, Andres G. Lescano1, Joao Aguiar2, Geral 
Christian Baldeviano1

1U.S. Naval Medical Research Unit - 6, Callao, Peru, 2Naval Medical 
Research Center, Silver Spring, MD, United States

Despite the large global burden of Plasmodium vivax (Pv) infection, there 
is a dearth of promising vaccine candidates against vivax malaria. Four 
vaccines have progressed to clinical trials, three of which are based on 
the abundant sporozoite surface protein, the circumsporozoite protein. 
To identify additional promising pre-erythrocytic vaccine antigens, data 
from a high-throughput P. falciparum (Pf) antigen screening project was 
used. The most immunogenic proteins were selected based of their ability 
to induce antibodies and cytokine production in T cells from volunteers 
immunized with radiation attenuated Pf sporozoites. Two of the Pf 
proteins, falstatin, a cysteine protease inhibitor, and the gamete egress and 
sporozoite traversal protein (GEST) are expressed in the sporozoite and liver 
stages and are capable of inducing protection in a P. yoelii rodent model. 
We expressed full-length PvFalstatin and PvGEST using an optimized wheat 
germ cell-free expression system protocol. Antibodies to both falstatin 
and GEST were measured by ELISA in individuals naturally infected with P. 
vivax. Additionally, we assessed the capacity of these proteins to induce 
cytokine production in T cells from P. vivax-infected individuals living in 
endemic areas in the Peruvian Amazon. We will present data that indicate 
that lessons from P. falciparum antigen discovery may provide a promising 
and valid platform for identifying potential vivax vaccine candidates.

1645
IMPORTANCE OF CHOOSING THE RIGHT ANIMAL MODEL 
FOR THE DOWN-SELECTION OF SECOND GENERATION CSP 
BASED VACCINES

Anthony May1, Mike Porter1, Farhat Khan1, Margot Debot1, Aziz 
Qabar1, Norman Waters1, Phillipe Saudan2, Sheetij Dutta1

1Walter Reed Army Institute of Research, Silver Spring, MD, United States, 
2Cytos Biotechnology, Schlieren, Switzerland

 Plasmodium falciparum Circumsporozoite protein (CSP) remains the 
most promising malaria vaccine candidate. We have expressed a near 
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full-length soluble recombinant CSP in E. coli. The protein contains the 
conserved N-terminal region, NANP repeats and the C-terminal region 
of PfCSP. It is widely believed that adjuvanted soluble CSP would not be 
sufficiently immunogenic to confer protection against parasite challenge 
and that particulate delivery platforms are a way to overcome this hurdle. 
We investigated whether conjugating the soluble CSP to a nanoparticle 
would substantially augment its immunogenicity as compared to 
adjuvanted soluble CSP. A recombinant capsid protein of bacteriophage 
Qb that assembles into a 25 nm particle was used as a carrier. CSP 
was chemically conjugated to the Qb virus-like particle (VLP) and the 
immunogenicity of the resulting VLP vaccine was tested in C57Bl/6 mice. 
Alum adjuvanted Qb -CSP induced higher antibody titersthan soluble CSP. 
Upon challenge with a transgenic P. berghei parasite that expresses the 
full-length P. falciparum gene, the CSP and Qb-CSP vaccines showed high 
level of sterile protection. The differences between soluble and particulate 
CSP was most pronounced after the 1st vaccination and particulate 
presentation most strongly influenced the titers of the repeat region. Since 
immunogenicity in mice does not always translate to humans we also 
tested the Qb-CSP and soluble CSP vaccine in the Rhesus monkey model. 
Unlike mouse data, no significant difference in the immunogenicity of 
Alum adjuvanted CSP and Qb-CSP was observed in Rhesus. While potent 
immunogenicity and protection was observed in mice, Alum adjuvanted 
CSP and Qb-CSP were not highly immunogenic in the Rhesus model. The 
availability of transgenic parasite challenge strains allows us to use mice 
as a go-no-go model for vaccine progression, however our data shows 
that mice may be much more sensitive to Alum based formulations and 
particulate vaccines than higher primates. Hence Rhesus immunogenicity 
should remain as the final go-no-go criteria for down-selecting second 
generation CSP based vaccines for human trials.

1646
BREADTH OF MALARIA VACCINE TARGET ANTIGEN 
SEROREACTIVITY AND PLACENTAL TRANSFER AMONG 
MOTHER-NEWBORN PAIRS IN MALAWI

Jenny A. Walldorf1, Jason A. Bailey1, Sarah Boudová1, Titus 
Divala1, Randy Mungwira2, Patricia Mawindo2, Jozelyn Pablo3, Algis 
Jasinskas3, Rie Nakajima3, Amed Ouattara1, Matthew Adams1, 
Terrie Taylor2, Philip L. Felgner3, Christopher V. Plowe1, Mark A. 
Travassos1, Miriam K. Laufer1

1Center for Malaria Research, Institute for Global Health, University of 
Maryland School of Medicine, Baltimore, MD, United States, 2Blantyre 
Malaria Project, University of Malawi College of Medicine, Blantyre, 
Malawi, 3Division of Infectious Diseases, Department of Medicine, 
University of California, Irvine, CA, United States

In young infants, malaria vaccine efficacy may be inhibited by maternal 
antibody interference with potential vaccine targets. Little is known 
about the comparative efficiency of transplacental transfer of antibodies 
targeting different Plasmodium falciparum antigen variants and the 
effect of placental malaria (PM) infection. PM is one of several factors 
thought to inhibit antibody transfer. We used a protein microarray to 
assess breadth of seroreactivity to 314 target malaria vaccine antigens 
in 32 mother-newborn pairs in Malawi. The array included 264 apical 
membrane antigen 1 (AMA1), 20 merozoite surface proteins (MSP) 1 
and 2, and 30 reticulocyte-binding protein homologue 5 (RH5) protein 
variants. At delivery, maternal peripheral and cord blood samples were 
obtained. Placentas were inspected for histological and molecular evidence 
of PM. The categorical definition of seroreactivity was median fluorescent 
intensity (MFI) 2 standard errors above the mean for 10 malaria-naïve 
controls for each antigen variant. Of all mothers, 80% (95%CI: 78-81) 
were seroreactive across AMA1 variants, 75% (95%CI: 70-81) to MSP, 
and 33% (95%CI: 26-40) to RH5 variants. Breadth of seroreactivity was 
greater among mothers with evidence of PM than without. Categorical 
mother-newborn outcomes were concordant in all three antigen groups by 
McNemar’s test while Spearman correlation of continuous MFIs was 0.74, 
0.83, and 0.35 for AMA1, MSP, and RH5 respectively. Maternal-newborn 
correlation results for each antigen group were similar stratifying by PM 

status. In this pilot study, seroreactivity to RH5 was less prevalent among 
mothers and less correlated between mothers and newborns than for 
AMA1 or MSP variants. PM may alter breadth of seroreactivity in mothers 
and their newborns. Protein microarrays may be a userful tool that will 
allow us to determine the influence of PM and maternal antibody transfer 
to the fetus on potential vaccine candidates.

1647
INDUCING BOTH PROTECTIVE ANTIBODIES AND CD8 T CELLS 
BY PRIME-BOOST WITH LIVE ATTENUATED VACCINE

Sumana Chakravarty1, Yun Wu2, Minglin Li2, Richard E. Stafford2, 
Meredith L. Leong3, Peter Lauer3, Dirk G. Brockstedt3, Thomas 
W. Dubensky3, Steven G. Reed4, Chris Fox4, Shahid M. Khan5, 
Chris Janse5, Ahmed M. Salman5, Patrick E. Duffy6, David Jones6, 
Stephen L. Hoffman1, B. Kim Lee Sim2

1Sanaria Inc., Rockville, MD, United States, 2Protein Potential LLC, 
Rockville, MD, United States, 3Aduro Biotech, Inc., Berkeley, CA, United 
States, 4Infectious Disease Research Institute, Seattle, WA, United States, 
5Leiden University Medical Center, Leiden, Netherlands, 6Laboratory of 
Malaria Immunology and Vaccinology, National Institute of Allergy and 
Infectious Diseases, National Institutes of Health, Bethesda, MD, United 
States

There are >2x108 cases and 6x105 deaths due to Plasmodium falciparum 
(Pf) annually, despite $2B/yr spent on malaria control. The malaria vaccine, 
RTS,S/AS01 is safe and delays clinical malaria onset by 30-50% depending 
on age group. Protection may be primarily mediated by antibodies 
against the repeat region and some CD4+ T cell responses against the 
C’ terminus of PfCSP. The vaccine does not induce meaningful CD8+ T 
cell responses. A vaccine for the military and travellers needs to provide 
>80% protective immunity for at least 6 months. We hypothesize that 
by adding highly functional, protective CD8+ T cell responses to antibody 
responses against the PfCSP, such long lived protective immunity can be 
achieved. We use live-attenuated Listeria monocytogenes (Lm) as a 
vaccine platform and use its properties of effectively stimulating robust, 
multi-functional, cell-mediated immunity, as a result of its intracellular 
lifecycle and ability to infect, deliver antigen and stimulate DCs in vivo. 
Our strategy for improving protective efficacy of our recombinant (r) 
PfCSP vaccine as compared to RTS,S/AS01 is to, 1) Include N’-terminus 
sequences containing neutralizing antibody and T cell epitopes to diversify 
and increase potency of the antibody and cellular responses to PfCSP; 2) 
Conjugate rPfCSP to a carrier protein to increase antibody titers; and 3) 
Boost with attenuated rLm expressing PfCSP (Lm-PfCSP) to enhance CD8+ 
T cell responses. We demonstrate that priming with rPfCSP in adjuvant and 
boosting with Lm-PfCSP induces high levels of PfCSP-specific inhibitory 
antibodies and CD8+ and CD4+ T cells. Conjugating rPfCSP to a carrier 
further enhances the antibody response to PfCSP by >8 fold as compared 
to unconjugated rPfCSP. Most importantly, 100% of mice immunized with 
adjuvanted rPfCSP and boosted with Lm-PfCSP were protected against 
sporozoite challenge with a transgenic rodent malaria parasite which 
express PfCSP in place of PbCSP. The high levels of inhibitory antibodies 
as assessed by inhibition of liver stage development, impressive in vivo 
protection and assessment of long term memory provides impetus for 
urgent development of this strategy.
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1648
RECOMBINANT EXPRESSION, PURIFICATION AND 
IMMUNIZATION STUDIES OF NOVEL PRE-ERYTHROCYTIC 
VACCINE ANTIGENS IN THE PLASMODIUM YOELII MOUSE 
MALARIA MODEL

Daniel Shaji, Charles Anderson, Weili Dai, Solomon Conteh, 
Dariyen Carter, Lynn Lambert, Nicholas MacDonald, Emma K. 
Barnafo, Kelly Rausch, Andrew Orcutt, Sarah Brockley, Holly 
Torano, Patrick E. Duffy
Laboratory of Malaria Immunology and Vaccinology, National Institute of 
Allergy and Infectious Diseases, National Institutes of Health, Rockville, 
MD, United States

The pre-erythrocytic (PE) stage is a metabolically highly active but 
symptomatically silent preparatory phase of the Plasmodium life cycle. 
Intervening to kill the parasite at this stage prevents the symptomatic 
blood stage of infection, and is an attractive vaccine target. Using 
microarray analysis and DNA vaccination, 8 genes were previously 
identified as up-regulated in Liver Stage parasites and able to induce 
partial protective immunity against PE infection. For further studies of 
these vaccine candidates, we prepared their P. yoelii orthologues as 
recombinant proteins. Five genes were expressed as recombinant protein 
with C terminal His tag in insect cells. Proteins Py370w and PyMIF4 were 
in soluble form when expressed in insect cells and could be purified 
under native conditions using Ni-NTA column. Proteins PyMAL7, PyLISP1 
and PySHMT were initially insoluble and were purified under denaturing 
conditions in presence of 6M GuHCL and subsequently refolded using 
appropriate buffer conditions. Prior to formulation with adjuvants, the 
refolded PyMAL7 and PyLISP1 proteins were then passed over detergent 
removal column to remove detergent present in the refolding buffer, and 
detergent from refolded PySHMT was removed by passing over a second 
Ni-NTA column. Proteins PySAP1, Py1995c and Py305w were expressed 
and purified from E. coli under denaturing conditions and the proteins 
refolded using appropriate buffer conditions. Immunization studies of 
these proteins have been initiated in mice, and details of the results will be 
presented.

1649
ROLE FOR CHEMICAL CONJUGATION TO ENHANCE THE 
BREADTH AND QUANTITY OF PLASMODIUM FALCIPARUM 
RECOMBINANT CIRCUMSPOROZOITE PROTEIN-SPECIFIC 
ANTIBODIES

David L. Narum1, Joan Aebig1, Kelly Rausch1, Randall F. Howard2, 
Charles Anderson1, Darrick Carter2, Lynn Lambert1, Steve G. Reed2, 
Patrick Duffy1, David Jones1

1National Institutes of Health, Rockville, MD, United States, 2Infectious 
Disease Research Institute, Seattle, WA, United States

The circumsporozoite protein (CSP) remains a significant vaccine target due 
to the success of RTS,S. The antigenic component of RTS,S is comprised of 
about two-thirds of the native CSP including the immunodominant NANP 
repeat region and the thrombospondin repeat-like (TSR) domain fused to 
the hepatitis B surface antigen. We and others have recently shown that 
the N-terminal region of the CSP is also a target for antibody blockade 
of hepatocyte invasion. Furthermore, we observed that in Anopheles 
mosquitoes, a fragment of approximately 70 amino acids is cleaved from 
the N-termini and then within the salivary gland the CSP changes its 
shape to protect both the N- and C-terminal regions against antibody 
recognition prior to hepatocyte invasion. Thus, our development efforts 
have focused on the evaluation of two recombinant forms of the CSP, 
one mimicking the unprocessed form or full-length protein (EcCSP) and 
the other mimicking the cleaved form (PpCSP) identified in salivary gland 
sporozoites. The N-terminus of CSP is poorly immunogenic compared to 
the NANP repeat region and the TSR domain. This was observed regardless 
of the adjuvant formulation tested (Alhydrogel, oil-in-water stable 

emulsion or liposome), as determined by ELISA against synthetic peptides 
or region-specific recombinant polypeptides using sera from two rhesus 
monkey trials and multiple mouse studies in which immunization with 
either monomeric forms or chemical conjugates to ExoProtein A or other 
carriers was examined. To date, chemical conjugation of a recombinant 
CSP to a carrier protein formulated in an adjuvant other than Alhydrogel 
has provided the best evidence for enhancement of the breadth of the 
antibody response to include the processed N-terminal region as well as 
a 5 - 100 fold increase in the overall CSP-specific response in mice. These 
preclinical results are significant in context to the rationale design of a 
second-generation CSP vaccine.

1650
LIMITED EFFICACY OF RTS,S VACCINE AGAINST MALARIA 
MAY BE ATTRIBUTED TO LACK OF T CELL EPITOPE 
CONSERVATION

Andres G. Nunez1, Ryan Tassone1, Lauren Levitz2, Jonathan J. 
Juliano2, Steven Meshnick2, Frances Terry3, William D. Martin3, 
Anne S. De Groot1

1University of Rhode Island, Providence, RI, United States, 2University 
of North Carolina, Chapel Hill, Chapel Hill, NC, United States, 3EpiVax, 
Providence, RI, United States

In a recent clinical trial, the RTS,S vaccine against malaria achieved 
efficacies of 55.8% and 31.3% for protection against the first clinical 
episode in children (5-17 months) and infants (6-12 weeks), respectively. 
While promising, these results leave much room for improvement. 
One reason for the limited success of RTS,S may be that the strain 
of circumsporozoite protein (csp) included in the vaccine is poorly 
representative of circulating strains in endemic areas. Using sequences 
from 57 unique csp variants collected in Liongwe, Malawi, we applied a 
novel informatics algorithm called EpiCC (Epitope Content Comparison) 
to determine relatedness among variants at the T cell epitope level. 
EpiCC uses HLA-DR binding predictions generated by the EpiMatrix tool 
to quantify the likelihood that a candidate vaccine strain will induce 
protection against other strains, based on the nature and similarity of 
their T cell epitopes. According to EpiCC, the csp strain included in RTS,S 
had a low degree of T cell epitope relatedness compared to the other 
variants. The relationships among the variants at the T cell epitope level 
differed from the phylogeny of the whole genome in many cases. If the 
csp T cell epitopes in the RTS,S vaccine are not well conserved among 
the strains found in malaria-endemic areas, the vaccine may only confer 
partial protection. Lack of epitope coverage may explain why RTS,S has 
not achieved better efficacy in clinical trials. This concept can be broadly 
expanded to sample data over multiple malaria-endemic areas. EpiCC 
may provide an objective approach to aid in strain selection for vaccine 
development.

1651
PRELIMINARY RESULTS OF A RANDOMIZED, CONTROLLED, 
DOUBLE-BLIND, SINGLE-CENTER PHASE 1 CLINICAL TRIAL 
TO EVALUATE SAFETY, TOLERABILITY, IMMUNOGENICITY 
AND EFFICACY OF CAF01 AND ALUMINUM HYDROXIDE AS 
ADJUVANTS FOR THE MALARIA VACCINE CANDIDATE GMZ2 
IN HEALTHY ADULT AFRICAN VOLUNTEERS

Ulysse Ateba Ngoa1, Ayola Akim Adegnika1, Jean Claude Dejon 
Agobe1, Marguerite Massinga-Loembe1, Michael Theisen2, Peter 
G. Kremsner3, Benjamin Mordmüller4

1Centre de Recherches Médicales de Lambaréné/Albert Schweitzer 
Hospital, Lambaréné, Gabon, 2Statens Serum Institut, Copenhagen, 
Denmark, 3Institut für Tropenmedizin, Tübingen, Germany, 4Institut für 
Tropenmedizin, Tübingen, Germany

GMZ2 is a malaria vaccine candidate consisting of conserved domains of 
the two Plasmodium falciparum asexual blood-stage antigens merozoite 
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surface protein 3 (MSP3) and glutamate rich protein (GLURP). The antigens 
were selected based on sero-epidemiological and functional studies 
and showed excellent safety, tolerability, and immunogenicity in pre-
clinical studies when adjuvanted with aluminium hydroxide. The vaccine 
candidate GMZ2/aluminum hydroxide has been clinically developed up 
to Phase 2. Results of a Phase 2 trial in African children are still pending 
but preliminary data support the very good safety and tolerability profile 
of GMZ2. In general, data from the four trials suggest that improved 
formulations may result in stronger efficacy and a vaccine with potential 
health benefits. Therefore, combination of GMZ2 with a more potent 
adjuvant is the rational next step in the clinical development. CAF01 is 
a novel adjuvant, which has demonstrated good safety, tolerability and 
improved immunogenicity profile when combined with various vaccine 
candidates. The current GMZ2/CAF01 study is performed to compare 
safety, tolerability, immunogenicity and efficacy of GMZ2 formulated 
with CAF01 to a control vaccine (Rabies) and 100 μg GMZ2 in aluminium 
hydroxide, the best studied GMZ2 regimen so far. The study has started 
in April 2015. A total of 50 participants were randomized and received 
vaccinations. Participants receive three times control vaccine (n = 8; Group 
A), 100 μg GMZ2 formulated in alum (n = 12; Group B), 30 μg GMZ2 
formulated in CAF01 (n = 8; Group C) or 100 μg GMZ2 formulated in 
CAF01 (n = 22; Groups D and E). Five weeks after completion of the 
vaccination regimen participants of groups A, B, C and D will receive a 
direct venous inoculation of 3200 PfSPZ Challenge to test for the efficacy 
of the vaccine. Follow up of the study participants will end six months 
after the administration of the last vaccine injection. We will report the 
result of the preliminary analysis of the GMZ2CAF01 study. The safety 
profile, the tolerability as well as the efficacy of the GMZ2 candidate 
vaccine formulated with CAF01 will be discussed.

1652
SEASONAL MALARIA CHEMOPREVENTION 
IMPLEMENTATION IN CHILDREN FROM THREE TO 120 
MONTHS EXPERIENCE IN THE FOUR SOUTHERN REGIONS IN 
SÉNÉGAL

Mamadou L. Diouf, Medoune Ndiop, Mady Ba, Julie Twing, 
Ibrahima Diallo, Moustapha Cisse, Seynabou Gaye, Alioune 
Badara Gueye, Mame Birame Diouf
Ministry of Health, Dakar, Senegal 

Because malaria still remains a major cause of disease and death in infants 
and children, NMCP strives to reduce drastically these morbidity and 
mortality among children. For this aim, Seasonal malaria chemoprevention 
(SMC) is adopted as a new intervention in malaria control policy after 
a long process launched in March 2012. According to WHO criteria 
the target areas for SMC are the four regions mentioned above. Drugs 
administration lays on door to door campaign strategy with community 
volunteers. On the first day, the volunteers, trained by health agents in 
health facilities, administer drugs to the children under surveillance of 
mothers or children guardians. For the 2 remaining days, mothers have to 
substitute to the volunteers. In 2014, SMC Campaign CPS was conducted 
in the four areas with three cycles covering the higher transmission season 
(August, September and November). The target was enlarged to the old 
children from 3 to 120 months (624 139). This enlargement of the target, 
compared with WHO recommendations (3 to 60 months,) was due to 
vulnerability sliding towards the ages from 60 to 120 months as shown 
by the epidemiologic data on malaria morbidity in Senegal. The campaign 
results were very satisfactory since the coverage rates for the 3 passages, 
are respectively 98, 63%, 97, 85% and 98, 04%. However, it should be 
noted that behind these beautiful coverage rates, many challenges have 
to be faced to achieve such results. Indeed, considering the innovation 
of the intervention, its and and the strong Community component, it 
was necessary to set up an operative system allowing an availability of 
the commodities, management tools supports and accessories on the 
sites and to prepare the actors to roll the strategy as recommended. In 
addition, regular coordination and a follow-up with an effective data 
collection and transmission system, was one of the key-success elements. 

Significant communication activities had accompanied all the process. In 
parallel, pharmacovigilance system strengthening was set up because of 
the characteristic of the drugs used and the relatively important quantity 
administered to children within such a short time.

1653
FIELD TESTING OF A PYRETHROID QUANTIFICATION KIT 
IN VILLAGES COVERED BY INDOOR RESIDUAL SPRAY IN 
MULEBA, TANZANIA

Lauren Wright, Harparkash Kaur, Natacha Protopopoff, Mark 
Rowland
London School of Hygiene & Tropical Medicine, London, United Kingdom

Insecticide treated nets (ITN) and indoor residual spraying (IRS) are two 
of the primary methods of malaria prevention in Africa. In order for 
these methods to be effective it is essential that adequate concentrations 
of insecticide are present on nets and wall surfaces to kill mosquitoes. 
There is no easy assay to quantify insecticide levels without expensive 
laboratory equipment and procedures. To address this, LSHTM has 
developed a simple field-applicable kit for monitoring pyrethroid residues 
on insecticide-treated nets- the Pyrethroid Quanitification Kit (PQK)-which 
can be adapted to other types of treated surfaces. During the initial trial 
the PQK kit was calibrated against a variety of sprayed surfaces and with 
different concentrations of lambdacyhalothrin before being taken into 
the field. Mosquito cone bioassay was conducted to show whether the 
surface concentrations of insecticide detected by the PQK were sufficient 
to kill a susceptible strain of mosquitoes. Houses in six villages were 
visited 3 months after IRS had been conducted in Muleba, Tanzania. The 
samples were analysed in the field using a handheld spectrophotometer. 
In each house, five areas of the wall were examined to give an indication 
of insecticide distribution and within-wall variation. Results showed that 
the actual spraying results differed from expectation. Preliminary results 
showedthat only 28% of houses had all rooms sprayed, leaving 72% of 
houses partially sprayed, and insecticide concentration varied dramatically 
across sprayed walls. The PQK is an easy to use quality assurance tool for 
monitoring of pyrethroid application rates and improving the quality of IRS 
campaigns.

1654
MULTIPLE PYRETHROID INSECTICIDES RESISTANCE 
MECHANISMS IN ANOPHELES GAMBIAE S.S. FROM 
MALARIA SURVEILLANCE SITES IN NIGERIA

Samson T. Awolola1, Adedayo Oduola2, Adedapo Adeogun1, 
Abiodun Olakiigbe1, Monday Tola3

1Nigerian Institute of Medical Research, Lagos, Nigeria, 2Department of 
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Insecticide resistance in Anopheles gambiae sensu stricto is a major 
concern to malaria control. Resistance is mainly due to target-site 
insensitivity arising from a single point mutation, often referred to as 
knockdown resistance (kdr). Metabolic-based resistance mechanisms 
associated with elevated level of monooxygenase and Glutathione-S-
Transferase (GST) have also been implicated but to a lesser extent. Here 
we report the co-existence of both resistance mechanisms in populations 
of An. gambiae s.s. from malaria surveillance sites in Nigeria. Anopheles 
larvae were collected from 12 malaria surveillance sites located in 3 
ecological zones (north-central, south-west and south-south) in Nigeria. 
All Anopheles tested belonged to the An. gambiae complex. An. 
gambiae s.s. was predominant (82.5%) and found at the 12 sites. An. 
arabienis represented 17.2% but found at 3 sites. Mosquitoes from 
three sites located in the south-south and north-central were 100% 
susceptible to pyrethroid insecticides (permethrin and deltamethrin). 
Mosquito susceptibility level to pyrethroids was 55-70% at the remaining 
sites. Bioassay, synergist and biochemical analysis carried out on resistant 
and susceptible An. gambiae s.s. from the 12 sites revealed 35-60% 
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of the West African kdr mutation in the resistant mosquitoes. Resistant 
mosquitoes synergized using pyperonyl butoxide before insecticide 
exposure showed a significant increase in mortality compared with the 
non-synergized. Biochemical assays showed significant increased levels of 
monooxygenase activities in the resistant mosquito at six sites in addition 
to significant increased in GST level at two sites, indicating the presence 
of multiple pyrethroid resistance mechanisms at these malaria surveillance 
sites. This current survey of insecticide resistance in Anopheles provides 
baseline for resistance monitoring and highlights the need for routine 
resistance surveillance as an integral part of malaria control.

1655
INTERMITTENT PREVENTIVE TREATMENT IN PREGNANCY: 
INCREASING THE DOSES IN BURKINA FASO

Ousman Badolo1, Stanislas P. Nebie1, Mathurin Dodo1, Thierry 
Ouedraogo1, Rachel Waxman1, William R. Brieger2

1Jhpiego, Baltimore, MD, United States, 2Johns Hopkins University, 
Baltimore, MD, United States

In Burkina Faso, Antenatal Care (ANC) is a national platform for malaria 
in pregnancy prevention and control. The 2010 Demographic and Health 
Survey showed a good initial ANC registration rate (95%), but over 
56% of pregnant women in rural areas do not register until their second 
or third trimester. Thus they may have missed the full regimen of ANC 
services including Long Lasting Insecticide-treated nets and intermittent 
preventive treatment of malaria in pregnancy (IPTp). In 2010 only 10.6% 
of pregnant women nationally and 8.4% in rural areas received two 
doses of IPTp. The United States Agency for International Development-
supported Improving Malaria Care (IMC) project in Burkina Faso has been 
providing technical assistance and training to health districts and their 
ANC staff on implementing updated (2012) WHO IPTp guidelines. The 
recommended provision of IPTp at every ANC visit from the 13th week 
of pregnancy onward leads to the possibility of 3 or more doses per 
woman. The new guidance was incorporated into the update of Burkina 
Faso’s malaria strategy and has been disseminated since September 2014. 
Annual data from the Health Management and information System for 
2014 from three districts (Batie, Po and Ouargaye) and 61 health clinics 
where IMC has been working were collected and summarized. A total of 
26,909 women registered for ANC. Of these 89.7%, 73.2% and 39.8% 
attended ANC twice, three and four times respectively. Of those registered 
84.1%, 73.2% and 18.8% received IPTp once, twice and thrice. Eleven 
(17.7%) had not started the updated IPTp guidance. The Ministry of 
Health also experienced stock-outs of sulfadoxine-pyrimethamine. Based 
on this slow implementation and uptake of IPTp3+, the IMC project in 
collaboration with the National Malaria Control Program is examining ways 
to strengthen antenatal malaria prevention including capacity building for 
ANC staff and community IPTp provision.

1656
USE OF LONG-LASTING INSECTICIDE-TREATED BEDNETS IN 
AKWA IBOM STATE NIGERIA AFTER A MAJOR DISTRIBUTION 
CAMPAIGN

Enobong U. Ndekhedehe1, John Orok2, Bright C. Orji1, William R. 
Brieger3

1Jhpiego, Baltimore, MD, United States, 2Ministry of Health, Akwa Ibom 
State, Nigeria, Uyo, Nigeria, 3Johns Hopkins University, Baltimore, MD, 
United States

While long lasting insecticide-treated nets (LLINs) have made a major dent 
in the incidence of malaria in Africa, LLINs need to be replaced at intervals. 
Akwa Ibom State Ministry of Health conducted a mass net distribution 
in 2010 during which 1.8 million LLINs in the 31 local government areas 
(LGAs/Districts). An estimated 2.7 million nets were acquired with Global 
Fund support for replacement distribution in November and December 
2014. To learn about the outcome of the exercise, the Ministry organized a 
follow-up household survey in all LGAs in January 2015. The state formed 

a technical working group which developed a checklist and interview 
guide to gather follow-up information on number of households that 
acquired nets, hung nets, slept under nets, their reasons for not using nets 
and sources of information about nets. Interviewers from each LGA were 
trained to use the checklist and recognize appropriate net hanging and 
use. Twelve interviewers were assigned to each Ward of each LGA. A total 
of 2,696,476 net cards were issued to households based on two nets per 
household, and 2,626,966 nets (97.4%) were redeemed. Retention rate 
in sampled households was 97.1%, while hanging rate of those retained 
was 71.8%%. Overall 69.6% household members reported that they 
slept under a net the previous night. A greater proportion of pregnant 
women (92.1%) reported using nets compared to children below 5 years 
of age (82.3%) and other household members (63.3%). Main reasons 
for not using nets included feeling hot (44.5%), inability to hang the net 
(19.7%) and concern about the chemical used to treat the net (11.4%). 
Akwa Ibom is located in Nigeria’s highest malaria transmission zone. Hence 
there is need to use LLINs throughout the year. In contrast between 2013 
DHS (14.1% residents slept under LLIN) and current results is stark and 
implies that net use may likely decline as nets age. Even 1-2 months out 
from a campaign there are people who are not hanging and using nets. 
Continuous systems for community level education and reinforcement and 
health system-based routine distribution for periods between campaigns 
are needed.

1657
LLIN DISTRIBUTION CAMPAIGN PROCESSES: LESSONS 
LEARNED AND CHALLENGES FROM AKWA IBOM STATE, 
NIGERIA

John Orok1, Bright Orji2, Enobong Ndekhedehe2, William R. 
Brieger3

1Ministry of Health, Akwa Ibom State, Uyo, Nigeria, 2Jhpiego, Baltimore, 
MD, United States, 3Johns Hopkins University, Baltimore, MD, United 
States

Long Lasting Insecticide-Treated Nets (LLINs) protect users from malaria 
only if they reach the home. A smoothly functioning distribution is 
essential to ensure nets reach their end users. Routine distribution at clinics 
helps to maintain supplies, but mass campaigns are also needed to replace 
nets on a wide scale. The recent LLIN mass campaign in Akwa Ibom State 
Nigeria offers lessons and challenges on this process. A State support team 
was set-up and estimated the total nets needed on one net to 2 people. 
A total of 21,167 different cadres of personnel were recruited from 
supervisory to outreach jobs. One-day training was conducted in batches 
in each of the 31 Local Government Areas (LGAs). To begin household 
mobilizers issued net cards and registered household members Town 
announcers helped in demand creation. A private firm was hired bring 
2,715,160 nets to 1,242 delivery points. A reporting tool tracked and 
monitored the distribution process. Reports flowed from the distribution 
points to the Ward supervisor, the LGA team leader and on to the state 
technical support team. The State team met at the end of each day to 
review activities and address challenges and re-strategize. The distribution 
lasted from 18-22 December, 2104. Overall, thirty-five thousand 
households were mobilized, and no settlement was reported omitted. 
2,715,160 nets were distributed, and 88,049 nets remained in the LGAs, 
while 23,080 were left in the central store for mob-up. Unfortunately 145 
50-net bales were missing. Mobilization led to active involvement of the 
faith-based leaders, traditional rulers and members of the national youth 
service corps scheme. Despite advocacy, state political officials focused 
more on upcoming elections that the net distribution. Although demand 
was created and short term need was met, more attention is needed to 
longer term use and supplies for routine services. The remaining supplies 
unfortunately were affected by security lapses and lost nets and may not 
serve the needs of complimentary routine distribution. The State needs 
to assess the long term costs and sustainability of such massive efforts in 
terms of meeting its malaria control needs.
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SUSCEPTIBILITY STATUS OF ANOPHELES GAMBIAE S.L. TO 
INDOOR RESIDUAL SPRAY INSECTICIDES FROM A SIX SITE 
BIENNIAL SURVEY PROJECT, UGANDA, 2009-2013

Michael Okia1, Ranjith de Alwis1, John Rwakimari1, James 
Kirunda1, Betty Mpeka1, Denis Ambayo1, Constantine Muwonge1, 
Kenneth Ssaka1, David Hoel2, Claudia Corredor-Medina2, William 
G. Brogdon2

1Abt Associates, Inc., Kampala, Uganda, 2Centers for Disease Control and 
Prevention, Atlanta, GA, United States

Insecticide resistance threatens vector control interventions in Uganda, 
past studies having shown the development of resistance in Ugandan 
vector populations. We followed up on the 2009 national insecticide 
susceptibility study to investigate possible changes in susceptibility levels 
in Anopheles gambiae s.l. to DDT, six pyrethroid, two organophosphate 
and two carbamate insecticides collected from six sentinel surveillance 
sites across Uganda in 2011 and 2013 using the WHO bioassay test 
kit. Resistance to DDT (mortality <90%), occurred in Wakiso, Tororo 
and Kanungu Districts. In Apac and Kitgum Districts where IRS using 
carbamate insecticides occurred the prior three years, mortality to DDT 
was 91.5% and 94%, respectively. There was reduced mortality in An. 
gambiae s.s. to almost all pyrethroids tested from the six sites except 
for etofenprox in Kitgum District (92%). Mortality rates >98% were 
observed in An. gambiae s.s. populations to both organophosphate 
and carbamate insecticides across all test sites, except for propoxur 
in Tororo (81%). An. gambiae s.s. in Uganda is resistant to DDT and 
most pyrethroid insecticides but is susceptible to organophosphate and 
carbamate insecticides, while Anopheles arabiensis appears susceptible 
to DDT. An. arabiensis was found to predominate in the IRS districts of 
Apac and Kitgum following rotation to carbamate insecticides, suggesting 
that An. arabiensis is not resistant to DDT and indicating that IRS greatly 
reduced An. gambiae s.s. populations. Data from Tororo and Kanungu 
Districts indicate that there is reduced susceptibility to carbamates, strongly 
indicating the need for routine annual monitoring for insecticide resistance 
from around the country.

1659
LLIN USE IN THE PYGMY COMMUNITY IN THE HEALTH 
OF ZONE OF WAMBA, NORTHEAST OF THE DEMOCRATIC 
REPUBLIC OF CONGO

Joris L. Likwela1, Norbert Mandana2, Marcel Lama3, A. 
Brevezosek4

1National Malaria Control Program, Kinshasa, Democratic Republic of 
the Congo, 2University of Uele, Isiro, Democratic Republic of the Congo, 
3Association Santé Familiale/Population Services International, Kinshasa, 
Democratic Republic of the Congo, 4Nancy School of Medicine, University 
of Lorraine, Nancy, France

Autochthones are one of the three groups of key populations in need 
of malaria control interventions. A key population is defined as a 
community that is highly affected by malaria and which has limited 
access to malaria control interventions. This study assessed LLIN access 
and use among pygmies, an autochthone population, in the health 
zone of Wamba, Province Orientale in DRC. A descriptive cross sectional 
study was conducted among pygmy populations in the health zone 
of Wamba from 17-22 February 2014, 4 years after the previous LLIN 
distribution campaign (2010) in order to establish a baseline data prior 
to the 2014 LLIN distribution campaign. Data was collected through 
interviews with heads of households using structured questionnaires. Data 
was entered using EPIDATA and analysed using SPSS for Windows. 602 
heads of households in pygmy populations or their representatives were 
interviewed. The median household size was 4. The persons surveyed lived 
mostly in huts (57%) or small houses (43%). The proportion of households 
owning at least one LLIN, the use of LLIN by pregnant women and 

children under 5 years old were 18.3%, 9.9% and 10.1%, respectively. 
Heads of households mentioned other uses of LLIN such as for fishing 
and protecting crops. Despite substantial progress achieved over the last 
seven years in malaria prevention in DRC, the use of LLIN among the 
pygmy populations in the health zone of Wamba remains low. LLIN mass 
distribution planners should develop mechanisms to reach autochthone 
populations including a participatory process, inclusion of these key 
population representatives in decision making, targeted communication, 
and procurement of smaller size LLIN.

1660
USE OF GIS-BASED HOUSEHOLD MAPPING SYSTEM TO 
IMPROVE PLANNING, IMPLEMENTATION AND MONITORING 
OF MALARIA CONTROL STRATEGIES IN BIOKO ISLAND

Guillermo Garcia1, Jason Kleps2, Alfred W. Hoadley3, Jose Luis 
Obama Nsue1, Jose Osa Osa Nfumu1, Telesforo Eyegue Abuy1, 
Restituto Mangue Avue1, Jeremias Nzamio Mba Eyono1, Teobaldo 
Babo1, Marcos Mbulito Ivanga1, Rosa Patricia Richard Ateme1, Nico 
Alonso-Harper4, Roland Wango4, Roland Wango4, Sandra Fuentes4, 
Megan Perry4, Dianna B. Hergott1, Christopher Schwabe4

1Medical Care Development International, Malabo, Equatorial 
Guinea, 2Towson University, Towson, MD, United States, 3Medical 
Care Development, Inc., Augusta, ME, United States, 4Medical Care 
Development International, Silver Spring, MD, United States

As it is in many malaria-endemic countries, the informal housing pattern 
in Equatorial Guinea without street names and building numbers makes 
malaria control difficult to effectively plan, implement and monitor. 
Beginning in 2012, the Bioko Island Malaria Control Project (BIMCP) 
created a geo-referenced mapping system that assigned each household 
a unique identifier similar to an address. The Island was divided into 1 
km2 sequentially numbered map areas, which in turn were sub-divided 
into 100m2 sequentially numbered sectors. Using printed high resolution 
satellite images of each sector that clearly identified each building, a 
local field team assigned a sequential number to each household in each 
building in each sector. Buildings with more than one household were 
ascribed a unique number for each household. Households residing in 
multi-story buildings received a floor identifier. The concatenation of the 
map area, sector, household number, and floor level yielded a unique 
identifier, which was printed on a sticker glued to each household 
entryway, and subsequently recorded on all spray cards and LLIN 
distribution forms. Areas of the island where satellite images were not 
available were mapped using GPS by a team that drove every road, walked 
every footpath, and identified every building/household. The information 
from the field maps was then digitized in ArcGIS. Field teams updated 
the household database during IRS rounds in 2013 and 2014, and a 
mass LLIN distribution in 2015. This has enabled the BIMCP to effectively 
plan, implement and monitor vector control activities and respond to the 
substantial housing growth due to the economic boom on the Island. 
By being able to track IRS and LLIN supply to households and link this to 
annual survey data, the BIMCP has had an improved understanding of 
factors that contribute to increased parasite prevalence and to stratify 
the Island in terms of transmission characteristics and service coverage. In 
areas such as Bioko where informal housing patterns exist, the GIS-based 
mapping system instituted by the BIMCP allows for improved planning, 
implementation and monitoring of malaria control activities.
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DESIGN AND DEPLOYMENT OF A GIS-BASED CAMPAIGN 
INFORMATION MANAGEMENT SYSTEM FOR PLANNING, 
MANAGING AND MONITORING MALARIA CONTROL 
INCLUDING FUTURE VACCINATION ON BIOKO ISLAND

Dianna B. Hergott1, Christopher Schwabe1, Guillermo Garcia2, 
Andrew Taylor3, Benjamin Heasly3, Nathan Lienhardt3, Jessenia 
Knowles2, Bruce MacLeod3

1Medical Care Development International, Silver Spring, MD, United States, 
2Medical Care Development International, Malabo, Equatorial Guinea, 
3University of Southern Maine, Portland, ME, United States

Medical Care Development International (MCDI) and the University of 
Southern Maine (USM) are developing an Android-based tablet application 
for planning, managing and monitoring community-based malaria control 
on Bioko Island called the Campaign Information Management System 
(CIMS). The CIMS is currently deployed for IRS and LLIN distribution 
and keep-up and will later be used for managing rapid case detection 
and treatment, highly focused control around residual hotspots, and 
possibly mass vaccination with a transmission-blocking vaccine. The CIMS 
includes four modules, two of which leverage pre-existing open source 
applications developed by USM and other partners - OpenHDS, a health 
and demographic surveillance system, and MOTECH, a suite of mhealth 
tools that include technology for integrating with telcom systems to send 
voice or text messages to individuals/patients based on defined calling 
criteria. The CIMS modules include: (1) a geo-referenced household listing 
and associated member census based on OpenHDS; (2) an individual 
identification system that uniquely identifies all residents; (3) a set of 
campaign participation applications developed in ODK that track individual 
or household participation in various campaigns; and (4) a cell phone-
based notification system using MOTECH which notifies households 
about impending campaign events, follows-up on missed contacts, and 
encourages participation in future events. When engaging households 
during campaigns, field workers select enumerated households from a 
hierarchical geographic selection system. Household information can be 
updated in real time, accounting for population movement or construction 
of new houses. Campaign participation information is then entered 
separately for IRS, LLINs, or any other type of campaign. These data are 
stored in distinct data sets on a central server (cloud or local). The CIMS 
provide an easy-to-use, adaptable and scalable solution for planning, 
managing and monitoring malaria control campaigns that is particularly 
well suited for countries heading towards elimination.

1662
UTILIZING IQKS AND A CAMPAIGN INFORMATION 
MANAGEMENT SYSTEM (CIMS) FOR IMPROVED QUALITY 
CONTROL OF INDOOR RESIDUAL SPRAYING

Godwin Fuseini1, Wonder Philip Phiri1, Guillermo Garcia1, Raul 
Nguema Ncogo Oyana1, Anita Eyang Obama1, Jesus Nazareth 
Buatiche1, Arcadio Edu Mico1, Valeriano Oluy Nsue Maye1, Aveika 
Akum1, Luis Segura1, Dianna B. Hergott2, Christopher Schwabe2

1Medical Care Development International, Malabo, Equatorial Guinea, 
2Medical Care Development International, Silver Spring, MD, United States

IRS programs have traditionally faced challenges ensuring that: (1) sprayers 
do not falsify spray records; (2) rooms within houses are sprayed well 
(i.e. without coverage gaps and with a sufficient amount of insecticide 
applied); and, (3) effective insecticidal coverage has been achieved in each 
spray area. The Bioko Island Malaria Control Project (BIMCP) has instituted 
a quality control procedure to address these challenges using Insecticide 
Quantification Kits (IQKs) to test houses randomly selected from a 
Campaign Information Management System (CIMS) that maps in real time 
the houses reportedly sprayed each day. Sprayer performance is assessed 
at various intervals during a spray round by randomly selecting a house per 
sprayer from those recorded in the CIMS the previous day. IQKs are used to 

test samples from three spots arrayed from the top left to the bottom right 
of a sprayed wall. Six qualitative outcomes are measured ranging from 
“Well Sprayed” where all three samples comply with WHO concentration 
norms, to “Not Sprayed” where all three have no insecticide. Sprayers 
who do not satisfy the “Well Sprayed” outcome receive intensified training 
and supervision. Repeated poor performance can lead to dismissal. A 
first evaluation in 2014 revealed that 6% of sprayers achieved a “Well 
Sprayed” status and 4% a “Not Sprayed” status. Data from the current 
IRS round at various time intervals will be presented. Program performance 
is assessed using Lot Quality Assurance Sampling (LQAS) and IQKs to 
determine if effective insecticidal coverage has been achieved (i.e., that 
at least 80% of 19 randomly selected communities each in turn have at 
least 80% of 19 randomly selected houses sprayed with the recommended 
insecticide concentration). The samples from all lots are then pooled to 
derive an effective insecticidal coverage rate for the Island as a whole. 
These data for the current round will be presented. The ability to randomly 
select, locate and test via IQK houses reportedly sprayed the prior day has 
markedly improved the quality of IRS on Bioko Island, virtually eliminating 
falsification, and enabling the project to better evaluate its performance.

1663
PREVALENCE OF ACUTE GASTROENTERITIS AMONG U.S. 
MILITARY PERSONNEL DEPLOYED TO HONDURAS DURING 
2014-2015

Mark P. Simons1, Giselle Soto1, Faviola Reyes2, Nathanael D. 
Reynolds1, Jamie Fraser3, Ricardo Aviles2, David Wolken2, David 
Tribble3, Ramiro Gutierrez4, Mark Riddle4

1U.S. Naval Medical Research Unit-6, Lima, Peru, 2U.S. Joint Task Force 
Bravo, Comayagua, Honduras, 3Uniformed Services University of the 
Health Sciences, Bethesda, MD, United States, 4U.S. Naval Medical 
Research Center, Silver Spring, MD, United States

Acute gastroenteritis (AGE) is a leading cause of lost duty days in military 
personnel, and vaccine candidates against common diarrhea pathogens 
are in phase II clinical trials. The need for field sites to evaluate vaccine 
efficacy in deployed personnel is a strategic need for the U.S. military 
and collaborating partners. Thus, we established Soto Cano Air Base in 
Honduras as a field site for clinical trials in Latin America including an 
on-site lab for stool cultures and reference capacity at NAMRU-6 in Peru. 
Additionally, post-deployment surveys were integrated into medical out-
processing to capture unreported cases of AGE. To date, 36/168 (21.4%) 
personnel evaluated in the post-deployment surveys reported experiencing 
diarrhea during a 6-9 month deployment (mean 3.2 different episodes, 
range 1-10). The most common symptoms reported were cramps (43.9%), 
nausea (40.3%), fever (26.3%), vomiting (14.3%), with 2 (3.5%) persons 
reported experiencing bloody diarrhea, and the median number of loose 
stools in a 24 hour period was 4 (range 2-15). Eleven (19.3%) persons 
reported experiencing lost duty time (range 1-4 days), 29 (50.8%) 
experienced decreased performance (range 1-10 days), and 8 (14.0%) 
reporting being sick in quarters. Further, 22 (38.6%) persons reported 
to the clinic and 4 (7.0%) needed IV fluids. From passive surveillance, 
85 persons reported to the clinic with diarrhea and 36 (42.9%) met the 
case definitions of moderate-severe diarrhea. From these 36 patients, 
3 (8.3%) samples were positive by primary stool culture, with Shigella, 
Salmonella, and Aeromonas each identified. The remaining samples 
were positive for lactose-fermenting Gram-negative rods consistent with 
potential pathogenic E. coli subtypes. These samples are being analyzed at 
NAMRU-6 by multiplex PCR using the Luminex Gastrointestinal Pathogens 
Panel (GPP) as well as multiplex PCR detection of pathogenic E. coli 
virulence factors, norovirus RT-PCR, and stools ova and parasite exam. 
These findings highlight the impact of diarrhea on military operations and 
provide the information/logistics needed to establish Soto Cano as a site 
for phase I-IV clinical trials.
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AN ORAL CHOLERA VACCINATION CAMPAIGN COVERAGE 
SURVEY, HAITI 2014

Eleanor M. Burnett1, Jeannot Francois2, Nandini Sreenivasan1, 
Kathleen Wannemuehler1, Papa Coumba Faye3, Rania A. Tohme1, 
Paul Adrien2, Yves Gaston Deslouches2, Melissa Etheart4, Amber 
Dismer1, Roopal Patel4, Kashmira Date1

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
2Ministry of Public Health and Population, Port au Prince, Haiti, 3Pan-
American Health Organization, Port au Prince, Haiti, 4Centers for Disease 
Control and Prevention, Port au Prince, Haiti

As part of a 10-year cholera elimination plan in response to the 2010 
cholera outbreak in Haiti, the Haitian Ministry of Public Health and 
Population (MSPP) has proposed vaccinating 600,000 persons living in 
areas with high cholera attack rates and poor access to healthcare, clean 
water, and basic sanitation with a two dose oral cholera vaccine (OCV). 
During August –September 2014, MSPP conducted its second OCV 
campaign targeting 185,314 persons in certain areas of 3 departments: 
Artibonite, Centre and Ouest. This was the first time vaccine from the 
global OCV stockpile was used in Haiti. We conducted a multi-stage 
stratified cluster survey to assess OCV coverage by department. We 
sampled 80 enumeration areas (EAs) using stratified random sampling 
and 20 households were selected in each EA. In each selected household, 
a general and an individual interview were conducted; one person per 
age group (1-4 years, 5-14 years, and ≥ 15 years) was randomly selected 
for interview. Overall, 1,489 household and 3,201 individual interviews 
were conducted. Coverage estimates and 95% confidence intervals (CI) 
were calculated accounting for the design. Two-dose OCV coverage was 
74% (95% CI: 64, 82), 64% (56, 72), and 48% (40, 56) in Artibonite, 
Centre, and Ouest, respectively, and drop-out after the first dose was 7%, 
8%, and 2%, respectively. Children 1 to 14 years were more likely to be 
vaccinated than persons ≥15 years old (p<0.01); in Centre, females were 
more likely to be vaccinated than males (p=0.03). The most common 
reason for not receiving any OCV doses was being absent during the 
campaign in Centre and Artibonite and not hearing about vaccination 
activities in Ouest. The most common reason for receiving only one dose 
was being absent during the second round of campaign in all three 
departments. While coverage in Artibonite and Centre was comparable 
with that in other OCV campaigns in Haiti and elsewhere, outdated 
population estimates and inadequate social mobilization might have 
contributed to lower coverage estimates in Ouest. Future OCV campaigns 
in Haiti should be informed by more up to date population estimates and 
robust social mobilization activities.

1665
EXPLORING REG1B AS A POTENTIAL MARKER OF 
INTESTINAL HEALTH

Allissia Anne Gilmartin1, Rashidul Haque2, William A. Petri, Jr.1

1University of Virginia, Charlottesville, VA, United States, 2International 
Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh

Environmental enteropathy (EE) is a gut disorder characterized by intestinal 
inflammation without overt diarrhea that occurs in individuals exposed 
over time to poor sanitation and hygiene. In children from low-income 
countries EE, is implicated as a cause of malnutrition, oral vaccine failure 
and impaired cognitive development. Unfortunately, a lack of direct and 
specific diagnostic tests has made it challenging to study EE. We have 
developed a fecal ELISA for Reg1 to test it as a potential biomarker of 
small intestinal health. Reg1 plays a role in gut health and is known 
to be up-regulated in a variety of enteric infections and inflammatory 
conditions. Our laboratory has previously found that fecal Reg1 predicted 
future stunting through the first two years of life when measured in 
12-week-old children in birth cohorts from Bangladesh and Peru. We are 
currently testing Reg1 for its ability to independently predict gut damage 
in approximately 220 children from Mirpur, Bangladesh who were enrolled 

in the MAL-ED cohort study. We will test for fecal Reg1B in monthly and 
diarrheal stools for all children up to 12 months of age. We hope to assess 
the relationship between Reg1B and stunting in this cohort and determine 
a normal fecal Reg1B level in our population, an important step towards 
using this test in the clinical setting.

1666
CLIMATIC INFLUENCES ON ENDEMIC CHOLERA IN KALEMIE, 
DEMOCRATIC REPUBLIC OF THE CONGO

Kerry L. Shannon1, Didier Bompangue2, Andrew Azman1, Sean 
Moore1, Benjamin Zaitchik3, Justin Lessler1

1Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States, 2Research and Training Unit of Ecology and Control of Infectious 
Disease Control, Microbiology Department, Faculty of Medicine, University 
of Kinshasa, Kinshasa, Democratic Republic of the Congo, 3Department 
of Earth and Planetary Sciences, Johns Hopkins University, Baltimore, MD, 
United States

We examined associations of environmental factors with cholera incidence 
in Kalemie, a city by Lake Tanganyika in the Democratic Republic of 
Congo. From January 2002 to February 2012 Kalemie had a total of 
20,559 suspected cholera cases averaging 39 per week (IQR 12-52). Cases 
appear year-round with two annual peaks, atypical of Africa. The region 
has a single rainy season that peaks between November and January and 
a single dry season from May-August. Climatic factors were estimated 
through remote sensing and considered as lagged variables in analyses 
from 0 to 30 weeks before the week of cholera incidence. Factors included 
Lake Tanganyika height, temperature and chlorophyll a, maximum and 
minimum weekly air temperatures, precipitation, solar radiation, and water 
in the top meter of the soil column. In univariate models, cholera incidence 
was most associated with chlorophyll a levels (Pearson correlation = 0.23) 
and maximum and minimum weekly air temperatures one week prior 
(Pearson correlation = 0.26 and 0.27 respectively). Multivariable negative 
binomial regression models including climatic factors were compared 
based on Akakie Information Criteria and mean-squared prediction 
error using ‘hold one year out’ cross validation. The best model by 
both methods included: Lake Tanganyika water level, temperature and 
chlorophyll a, soil water content of top meter of soil, rainfall, net solar 
radiation, and minimum/maximum air temperature at varying time lags. 
4.4% of weekly case counts were above and 21.9% below the cross 
validation predictive interval. These climate factors explain 36.3% of the 
week-to-week variation in cholera. Cholera incidence is clearly associated 
with climatic factors, however, models based on solely on climate fail to 
predict many major variations in cholera incidence. In Kalemie, 61% of 
the weeks when cases exceeded the prediction interval occurred in years 
with documented large-scale power outages and influxes of migrant 
populations. Improved predictive models using increased local knowledge 
of factors impacting the epidemic may allow us to better evaluate effective 
interventions such as vaccination campaigns.

1667
HARD BLOOD AGAR IN THE ISOLATION OF ARCOBACTER 
SPP

Rito Zerpa1, Jorge O. Alarcon1, Lilian Patiño2, Edwin Correa3

1Instituto de Medicina Tropical “DA Carrion”, UNMSM, Lima, Peru, 
2Instituto Nacional de Salud del Niño, Lima, Peru, 3Universidad Peruana 
Cayetano Heredia, Lima, Peru

Arcobacter spp., is currently considered emerging zoonotic pathogen; 
isolation by conventional methods in developing countries is difficult and 
expensive, sometimes by contamination with bacteria such as Proteus. 
Here, we present the hard blood agar (HBA) as a simple culture medium 
for the isolation of Arcobacter spp. We worked with 100 human fecal 
samples and 100 animals (50 pigs and 50 cattle) for the isolation of 
Arcobacter spp.; using the HBA and Columbia Blood Agar (CBA), both 
with the method of the filter (0.45um porosity), and microaerophilic 
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incubation with the method of Klebsiella and closing or sealing of the 
inoculated plate with rubber bands obtained from powder-free latex 
gloves. Incubation at 28 ° C and read after 24-48 hours. The identification 
of Arcobacter was only based on their phenotypic characteristics. 
Arcobacter was isolated 3/100 (3%) of human specimens in CBA, and 
4/100 (4%) in HBA; in animals: in cattle 10/50 (20%) was isolated in CBA, 
and 28/50 (56%) in HBA; in 18/50 pigs (36%) was isolated in CBA, and 
35/50 (70%) in HBA. Hard blood agar (HBA) is an effective, simple and 
inexpensive alternative culture medium for the isolation of Arcobacter 
spp., even in samples with Proteus passing through the filter and by 
swarming on cultures, masking and difficult isolation of Arcobacter.

1668
VIRULENCE GENES AND ANTIMICROBIAL RESISTANCE IN 
SHIGELLA SPP. ISOLATED FROM CHILDREN WITH DIARRHEAL 
DISEASES REQUIRING MEDICAL CARE IN FORTALEZA, 
CEARA, BRAZIL

Ila F. Lima, Pedro H. Medeiros, Marjorie M. Guedes, Mariana D. 
Bona, Alexandre Havt, Aldo A. Lima
Federal University of Ceara, Fortaleza, Brazil

Shigella spp. is one of the most prevalent etiological agents of enteric 
infection. This study aimed to determine circulating species, virulence 
genes and antimicrobial resistance profile of Shigella spp. obtained from 
a cross-sectional study of moderate to severe childhood diarrhea in 
Fortaleza, Ceara, Brazil. Fecal specimens and clinical data were collected 
from May 2008 to April 2009 and 63 Shigella strains were isolated by 
standard microbiological methods. Immunoagglutination assay was 
employed for species characterization and four multiplex-PCRs were 
developed to detect 14 sequences encoding virulence genes (ial, set, 
virF, sen, sigA, pic, sepA, ipaA, ipaB, ipaC, ipaD, icsB, Stx and virB). 
Antimicrobial susceptibility tests were performed using the Kirby-Bauer 
disk diffusion method with 13 antimicrobial discs commercially available. 
The most prevalent Shigella species were S. flexneri and S. sonnei (43%, 
27/63 for both), followed by S. dysenteriae (8%, 5/63) and S. boydii (6%, 
4/63). The protease associated with mucosal binding (pic), enterotoxin 
1(set) and protein associated with cell invasion (sepA) genes were 
significantly associated with S. flexneri infection (p=0.0002, p<0.0001 
and p<0.0001, respectively), while other virulence genes showed no 
difference among species. The concomitant presence of pic, set and sepA 
was correlated with intense abdominal pain (p=0.0379) and multi-drug 
resistance to at least three drugs (p=0.0028), being sulfamethoxazole/
trimethoprim + tetracycline + ampicillin + chloramphenicol the most 
frequent pattern. This study suggests that more severe shigellosis is caused 
by S. flexneri carrying the virulence genes pic, set and sepA. These strains 
also present multi-drug resistant phenotype, indicating a link between 
virulence and antimicrobial resistance pressure selection and evolution.

1669
CLINICAL PRESENTATION AND VIRULENCE GENES PROFILE 
FROM CAMPYLOBACTER JEJUNI INFECTION ISOLATED FROM 
CHILDREN WITH MODERATE TO SEVERE DIARRHEA IN 
FORTALEZA, CEARÁ, BRAZIL

Herlice N. Veras, Josiane S. Quetz, Ila F. Lima, Ana K. Santos, 
Pedro H. Medeiros, Alexandre Havt, Luís C. Rey, Aldo A. Lima
Federal University of Ceara, Fortaleza, Brazil

Campylobacter spp. is considered the most common cause of bacterial 
gastroenteritis. This study characterized C. jejuni virulence-associated 
genes that may play a role in C. jejuni pathogenicity in children aged 0-36 
months who required emergency medical care due to moderate to severe 
diarrheal disease. It is part of a project entitled “‘Diarrhea Enteric Card 
(DEC)’ aiming to develop PCR-based multiplex diagnose assay for bacterial 
enteric pathogens. The project was approved by the local and national 
ethical committees in Brazil (HIAS 80/06 and CONEPE 13523/2007, 

respectively). DNA was extracted directly from fecal samples collected 
from 226 children during May 2008 and April 2009, in Fortaleza, Ceará, 
Brazil. A questionnaire was applied to characterize clinical symptoms. 
Conventional PCR was performed for detection of C. jejuni strains and 
investigation of nine virulence genes. The identification of C. jejuni was 
performed using hipO gene, providing 19,5% (44/226) of positivity. The 
presence of C. jejuni´s virulence-associated genes encoding proteins 
related to pathogenesis of the micro-organism were detected in the 
following proportions of C. jejuni-positive DNA samples: racR, 97.7% 
(43/44), dnaJ, 88.6% (39/44), and flaA, 79.5% (35/44); - related to 
bacterial adhesion and colonization; ciaB, 97.7 % (43/44); pldA, 45.4% 
(20/44) and pVir 0% (0/44) - related to invasion, and cdtABC in 95.4% 
(42/44) related to cytolethal distending toxin (CDT). These data showed 
that C. jejuni were detected in a significant percentage of children aged 
0-36 months with moderate to severe diarrhea. Virulence genes related 
to bacterial adhesion, colonization and cytotoxicity were detected in a 
great proportion of C. jejuni-positive samples, while invasion-related 
virulence genes were detected in lower frequency. The distribution profile 
of virulence genes from C. jejuni was not correlated with the clinical 
presentation of the disease, suggesting that maybe other virulence genes 
or host factors such as nutritional status are important in defining the 
clinical severity of diarrheal diseases associated with C. jejuni.

1670
EVIDENCE FOR GASTROINTESTINAL CARRIAGE OF 
CLOSTRIDIUM DIFFICILE AMONG CHILDREN IN THE 
PERUVIAN AMAZON RIVER BASIN

Heather Clark1, Rajasree Roy1, Rosa Burga2, Ricardo Abadie2, 
Henry Montilla-Guedez1, Anne Huyler1, Loan Nguyen1, Claudio 
Rocha2, Hamilton Tilley2, David Craft1

1Pennsylvania State College of Medicine, Hershey, PA, United States, 2U.S. 
Naval Medical Research Unit - 6, Iquitos, Peru

Diarrheal disease is a leading cause of death and illness in developing 
countries and is responsible for nearly one in five child deaths worldwide 
each year. Unsafe water, poor sanitation, and inadequate hygiene are the 
major risk factors for the spread of disease. Belen is an impoverished river 
dwelling community without public sewage systems and trash disposal. 
There are few laboratory based studies on infectious gastroenteritis in 
this community and none on the prevalence of Clostridium difficile. 
This study examines the prevalence of C. difficile in children ages 5 
and under in Belen. With local IRB approval and informed consent from 
heads of households, 206 stool samples were collected from children 5 
and under from May to October 2014. All samples were analyzed for 
C. difficile antigen (glutamate dehydrogenase) or toxin (A and B) using 
C. difficile QUIK CHEK (TechLab, Blacksburg, VA). All stool samples 
were accepted irrespective of consistency. Sixteen of 206 stool samples 
(7.77%) assayed showed antigenic (Ag) or toxigenic (Tox) evidence of 
C. difficile; two samples (0.97%) for toxigenic strains (Ag+ / Tox+), 13 
samples (6.31%) for non-toxigenic strains (Ag+ / Tox-), and one sample 
(0.49%) was positive for toxin only (Ag- / Tox+). This is the first laboratory 
based study assessing the prevalence of C. difficile in this community 
and provides strong evidence for childhood carriage of non-toxigenic, 
and more limited evidence for toxigenic, strains of C. difficile. These 
studies will be augmented in the future by culture and/or nucleic acid 
amplification for genes coding for all virulence factors associated with C. 
difficile. Unfortunately, symptomatic vs. asymptomatic data could not 
be consistently ascertained, but future studies associating symptoms and 
the presence of C. difficile could lead to a better understanding of the 
epidemiology of non-nosocomial, community-acquired C. difficile in the 
Amazon River Basin. To date, there is no data linking C. difficile carriage 
to the environment, hygiene practices or socioeconomic factors in Belen. 
Additional investigations of other etiologies of infectious gastroenteritis 
are also ongoing.
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1671
INCORPORATING MODEL UNCERTAINTY INTO PREDICTIONS 
OF THE BURDEN OF TYPHOID FEVER

Marina Antillon, Forrest W. Crawford, Virginia E. Pitzer
Yale University, New Haven, CT, United States

Upcoming efforts in vaccination against typhoid fever require an 
assessment of the baseline burden of disease in countries at risk. Model-
based estimates are a feasible alternative to costly and time-consuming 
field-based estimates of typhoid fever incidence. In most countries, 
typhoid incidence data is not collected, and therefore current estimates 
of incidence are based on interpolation of data from 32 studies. Recent 
estimates of typhoid burden are based on models that have not been 
assessed for predictive accuracy. Furthermore, estimates of age-specific 
incidence are based on assumptions about how the age distribution 
varies with incidence, rather than empirical estimates of age-specific 
heterogeneity. An understanding of the difference in incidence attributable 
to age is imperative to guide upcoming vaccine policies. Therefore, it is 
necessary to identify readily-available predictors of typhoid incidence, such 
as access to clean water, access to improved sanitation, country-level Gross 
Domestic Product, etc. We developed a random-intercept, mixed effects 
model fit to data from 32 population-based studies of typhoid incidence, 
17 of which report incidence for different age groups. We used Bayesian 
model averaging to incorporate uncertainty around the estimates of the 
predictors as well as the uncertainty in model selection. The current re-
analysis permits prediction of the overall as well as age-specific incidence 
of typhoid fever, as well as the associated uncertainty, in low- and middle-
income countries.

1672
EPIDEMIOLOGIC FEATURES OF DIARRHEAL DISEASE DUE 
TO AEROMONAS SPP. AND PLESIOMONAS SHIGELLOIDES 
INFECTIONS IN KAMPONG CHAM, CAMBODIA

Andrew F. Vaughn
U.S. Naval Medical Research Unit – 2, Phnom Penh, Cambodia

To investigate the possible etiological agents of diarrheal disease in 
Cambodia, a cohort based study was conducted from August 2012 
to March 2015. The US Naval Medical Research Unit Two (NAMRU-2) 
Detachment Phnom Penh in collaboration with the Cambodian National 
Institute of Public Health (NIPH) conducted active surveillance among four 
villages in Kampong Cham Province, Cambodia. Subjects self reported 
symptoms to study staff and were also followed on a weekly basis. Stool 
samples were collected from subjects if they presented with symptoms 
of acute diarrhea defined as 3 or more loose stools within 24 hours or 2 
loose stools associated with gastrointestinal complaint within 24 hours. 
Study subjects were comprised of 2,921 adults and 1,749 children (aged 
< 18 years old). There were 258 Aeromonas spp. and 266 Plesiomonas 
shigelloides isolates identified from 2,603 specimens collected and 
tested between August 2012 and March 2015. Study data indicates 
that adults have a higher risk of being infected with Aeromonas spp. 
(OR=1.4, 95%CI: 1.1-1.9) or P. shigelloides (OR=1.9, 95%CI: 1.5-2.6). 
Subjects who worked in retail settings (shop owners or workers) also had 
a higher risk of being infected with P. shigelloides (OR=2.0, 95%CI: 
1.2-3.3) whereas the participants who were students or worked at home 
tended to have lower risk (OR=0.7, 95%CI: 0.5-0.8). Abdominal pain 
and mucus laden stool are the two symptoms significantly associated 
with the infection of these two pathogens (p< 0.05). Lack of access to 
clean drinking water (filtered or boiled) or lack of sanitary toilet facilities 
were identified as increased risk factors for positive stools. 52.3% and 
70.2% of Aeromonas spp. positive subjects and 55.6% and 70.3% of P. 
shigelloides positive subjects did not have access to clean water or toilet 
facilities, respectively. The prevalence of these pathogens appears to be 
correlated with inadequate access to sanity water and toilet facilities.

1673
ORAL CHOLERA VACCINE STUDIES IN CHOLERA ENDEMIC 
SETTINGS IN BANGLADESH

Firdausi Qadri
International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, 
Bangladesh

Bangladesh has one of the world’s highest burden of endemic cholera 
with an estimated 350,000 cholera cases and over 4,500 deaths annually. 
A serious need therefore exists for control of cholera using vaccines and 
other preventive measures. Over the last few years large scale vaccination 
studies are being conducted with the whole cell oral cholera vaccine (OCV) 
Shanchol in high risk urban as well as rural populations. The objective of 
such studies is to assess the feasibility of delivery as well as effectiveness 
of vaccination program utilizing the existing national immunization 
infrastructure of Bangladesh. Vaccine coverage was 65% and protection 
was 53%, which was evident in all age groups and sustained for 2 
years. In a study in a rural setting in Bangladesh carried out in 65,000 
participants and the OCV program was successful and 92% of the 
vaccinees receiving the first dose of vaccine also returned for the second 
dose. In addition we have recently conducted a single dose oral cholera 
vaccine study to determine if only one dose can be protective, a strategy 
very important for use in epidemics and outbreaks. The oral cholera 
vaccines need to be stored at 2-8 °C. This is one of the limiting factors 
for delivery of vaccines in resource poor settings globally. We therefore 
studied, if storage of vaccine at higher temperatures (25°C, 37°C and 
42°C) resulted in similar safety and immunogenicity compared to vaccine 
stored in the cold. The vaccine is safe, well tolerated and satisfactory 
immune response is elicited. The OCV studies were feasible and effective 
using government facilities. These studies demonstrate that the Shanchol 
can be delivered to all age groups using resources already available in 
the country. Strategies to plan and implement OCV uptake in national 
immunization programmes in high risk hotspots is needed for Bangladesh. 
Studies to assess vaccination strategies, target age groups for vaccination, 
uptake, feasibility as well as cost-effectiveness analyses need to be made 
using the same approach as used for other immunisation programmes 
which have been successful in Bangladesh and such studies are being 
planned.

1674
IFN-𝛾; HAS DIRECT ANTI-ENTEROAGGREGATIVE E. COLI 
PROPERTIES AND IS NECESSARY FOR RESILIENCE TO SEVERE 
EAEC-INDUCED ENTEROPATHY IN ZINC-DEFICIENT MICE

Glynis Kolling, David Bolick, Luther Bartelt, Richard Guerrant
University of Virginia, Charlottesville, VA, United States

Enteroaggregative E. coli is a major cause of early childhood diarrhea and 
growth impairment. Descriptions of EAEC-diarrhea are typically mucoid 
with occasional leukocyte products. While increased fecal IL-8 has been 
seen in symptomatic patients with EAEC infection, and mutations in the 
IL-8 promoter that lead to increased IL-8 expression also associate with 
symptomatic disease, other inflammatory mucosal pathways such as the 
IL23-IL17 and IFN-𝛾; axis relevant to other enteropathy-inducing pathogens 
are less well understood, and could contribute to disease during EAEC 
infection. In a murine model of EAEC-induced enteropathy we have 
previously shown that zinc deficiency both up-regulates aggR-regulated 
EAEC virulence genes and alters host inflammatory responses leading to 
increased Il8 and Mcp1 expression, mucus production, Muc2 expression, 
and Cftr expression, increased Il17, but decreased Il23, Il6, Tnfalpha, 
and Il1beta. To interrogate the role of the IL17-IL23 axis we infected 
zinc-deficient IL17RKO mice with the virulent EAEC042 strain. IL17RKO 
mice were protected from weight loss, more rapidly cleared EAEC, and 
demonstrated a 5-fold increased expression of IFN-𝛾;. Neutralization 
of IFN-𝛾; reverted the resilient IL17RKO mice to a susceptible wild-type 
phenotype. IFN-𝛾; demonstrated direct effects in vitro, inhibiting EAEC 
growth in a dose-dependent manner. Further studies are planned to 
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confirm this new recognition of anti-EAEC properties of IFN-𝛾;, and 
whether genetically determined alterations in mucosal inflammatory 
responses may promote host resiliency to enteropathogens despite the 
disadvantage of severe micronutrient deficiency.

1675
ISOLATION AND SPECIES IDENTIFICATION OF GRAM-
POSITIVE BACTERIA FROM THE CANNED FOOD BY 
SEQUENCE CHARACTERIZATION AT GYRB LOCUS: A PUBLIC 
HEALTH IMPORTANCE 

Irshad M. Sulaiman, Emily Jacobs, Steven Simpson, Khalil 
Kerdahi
Food and Drug Administration, Atlanta, GA, United States

The primary mission of FDA is to enforce the Food, Drug and Cosmetic 
Act and regulate food, drug and cosmetic products. FDA uses presence 
of pathogenic microorganisms in these commodities as one of the 
regulatory action criteria and to ensure that the goods are safe for human 
consumption. This study was conducted to assess the effectiveness 
of pathogen control in a canned food facility located in the United 
States. A total of 9 unopened recalled canned food jars from the same 
lot containing Black Bean Corn Poblano Salsa were initially examined 
by conventional microbiologic protocols. Of these, while analyzing 8 
subsamples for each sample, all subsamples of one of the containers 
was found positive for the presence of slow growing rod-shaped, 
Gram-positive facultative anaerobic bacteria. Species identification of 8 
recovered Gram-positive bacterial isolates from the positive unopened 
jar was accomplished by our recently developed protocol based on DNA 
sequencing of PCR amplified gyrB gene products. Multiple alignments 
confirmed all 8 generated gyrB gene sequences to be identical. These 
sequences matched 99% (2-point-mutation) with the published sequence 
of Lactobacillus fermentum sequence available in public domain 
(GenBank Accession No. AP008937). Thus, the gyrB-based molecular 
diagnostic protocol can be used as a suitable genetic marker for rapid 
detection of Lactobacillus in the canned food monitoring program of 
public health importance.

1676
STRINGENT QUALITY CONTROL MEASURES ALLOWS 
PROMPT IDENTIFICATION OF CRUCIAL PROBLEMS TO 
OPTIMIZE THE RELIABILITY OF MENINGOCOCCAL CARRIAGE 
SURVEYS

Jacinta Okeakpu1, Aderonke Odutola1, Sheikh Jarju1, Ebenezer 
Foster-Nyarko1, Anna Roca1, Beate Kampmann1, Umberto 
D’Alessandro1, Martin Antonio1, Caroline Trotter2, James Stuart3, 
Olivier Manigart4, Brian Greenwood for the MenAfriCar 
Consortium3

1Medical Research Council, The Gambia Unit, Fajara, Gambia, 2University 
of Cambridge, Cambridge, United Kingdom, 3London School of Hygiene & 
Tropical Medicine, London, United Kingdom, 4London School of Hygiene & 
Tropical Medicine and MRC, The Gambia Unit, London and Fajara, United 
Kingdom

We conducted a cross-sectional study to identify carriage of Neisseria 
meningitidis among 1000 schoolchildren in Fajara, The Gambia, to 
evaluate improved detection methods. We conducted this study using 
quality control (QC) standards applied to clinical trials. In addition to 
developing Standard Operating Procedures, Study Operations and 
Laboratory Operations Manuals and ensuring documented training 
of staff, we conducted regular internal audits of field and laboratory 
activities. We verified the ability of the laboratory team to perform the 
tests through enrolment in External Quality Assessment (EQA). We 
performed regular monitoring of positive controls used for qualitative 
PCR and of standard curves used for quantitative PCR through Levey-
Jennings charts (LJC). We used non-template negative controls every 

twenty tested samples to ensure that there was no PCR contamination. 
The internal audits allowed identification of several minor challenges 
and a major one: non-collection of critical samples, a situation that was 
promptly corrected. Further laboratory audits did not identify other major 
findings. Monitoring of positive controls through LJC allowed identification 
of problems with primers and probes used for qualitative PCR, triggered 
reagents replacement and minimized inter-assay variation. Monitoring 
of standard curves through LJC led to exclusion of the results from one 
plate out of 72, where key values of the standard curve were found to be 
out of the defined acceptable range. EQA results identified a risk of PCR 
contamination in the sodC gene and promoted development of stricter 
rules to be applied in our molecular biology laboratories. No non-template 
negative control was positive during the entire course of the study. All 
staff working on this cross-sectional study were trained to apply these high 
standards. Large-scale epidemiological studies should be conducted with 
QC standards approaching the ones required in clinical trials. Adopting 
these standards allowed us to identify critical issues during the course of a 
study of meningococcal carriage and to correct them promptly.

1677
DETECTION OF NEISSERIA GONORRHEA USING CULTURE 
AND NUCLEIC ACID AMPLIFICATION TEST IN FIVE HEALTH 
FACILITIES IN GHANA

Naiki Puplampu1, Helena Dela1, Eric Behene1, Shirley Nimo-
Paintsil1, Kwesi Addo2, Edward Owusu Nyarko3, Cynthia Kwakye4, 
Nehkonti Adams1

1Naval Medical Research Unit - 3, Ghana Detachment, Accra, Ghana, 
2Noguchi Memorial Institute for Medical Research, University of Ghana, 
Legon, Accra, Ghana, 3Ghana Armed Forces Public Health Department, 
Accra, Ghana, 4Ghana Health Service, Accra, Ghana

Neisseria gonorrhea is one of the major etiologies of sexually transmitted 
infections (STIs) and when left untreated can lead to serious complications 
such as pelvic inflammatory disease, ectopic pregnancy, infertility in 
women and sterility in men. Microscopic examination and microbial culture 
are common techniques used in gonorrhea diagnostics; however both 
are insufficiently sensitive and/or specific. Noninvasive techniques utilizing 
newer technology such as antigen detection by immunoassay and nucleic 
acid amplification tests (NAATs) have become more acceptable because 
of their precision, suitability and time-saving aspects. The objective of 
this study is to determine the percentage of N. gonorrhea positive cases 
occurring among Ghanaian military members using culture and NAAT. 
Urethral or endocervical swabs and urine samples were obtained from 
consenting patients presenting with STI symptoms at five health facilities. 
Swabs were cultured on Modified Thayer-Martin agar and colonies 
subcultured on chocolate agar. N. gonorrhea isolates were identified 
by gram staining, catalase as well as oxidase tests. Purified colonies were 
confirmed using the API-NH. Urine samples were tested by NAAT. Of 679 
specimen screened, 25.4% was positive for gonorrhea by NAAT and 6.9% 
by culture. All specimens positive by culture were also positive by NAAT. 
Compared to culture, NAAT performed better in identifying gonorrhea 
in STI-symptomatic patients presenting to health facilities in Ghana. Our 
finding demonstrates that NAAT could be beneficial in testing high-risk 
groups or patients who are culture negative but have persistent symptoms.

1678
DETECTION OF LEPTOSPIRA-SPECIFIC ANTIBODIES USING 
RECOMBINANT LIPL32, LIPL41, LIGA, AND LIGB IN ENZYME-
LINKED IMMUNOSORBENT ASSAY

Hua-Wei Chen, Heather Lukas, Kira Becker, Giulia Weissenberger, 
Wei-Mei Ching
Naval Medical Research Center, Silver Spring, MD, United States

Leptospirosis is caused by the infection of spirochetes of the genus 
Leptospira. This zoonotic disease has become widespread in developing 
nations, particularly those located in tropical areas. In the early stage of the 
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bacterial infection, the disease can be treated with antibiotics. However 
leptospirosis is often misdiagnosed due to its nonspecific symptoms and 
lack of good diagnostic tests which can be easily performed at the clinical 
site. The current standard method for diagnosis of leptospirosis is the 
microscopic agglutination test (MAT). This assay requires live cultures, 
not only technically complex but also time-consuming. In an effort to 
replace MAT with a test that does not require live cultures, we produced 
highly purified recombinant antigens, rLipL32, rLipL41, rLigA, and rLigB, 
and evaluated their performance individually and a cocktail of 1:1:1:1 
combination in ELISA to detect IgG and IgM antibodies specific for 
Leptospira using a panel of 429 human sera (337 MAT positive and 92 
MAT negative sera). The positive samples had MAT titers greater than 100 
against one or several of 18 serovars from 5 major pathogenic Leptospira 
species (L. interrogans, L. kirschneri, L. borgpetersenii, L. noguchii, 
and L. weilii). There were 145 (43%) samples that showed either 
detectable IgG or IgM against rLipL32; 177 (53%) samples against rLipL41; 
216 (64%) samples against rLigA; and 228 (68%) samples against rLigB. 
There were 5, 15, 16, and 23 patient sera that had specific antibodies 
against only one antigen rLipL32, rLipL41, rLigA, and rLigB, respectively. 
Combining the detection results of IgG and IgM from these four individual 
antigens, the overall sensitivity is close to 90% but the specificity is only 
65%, based on the MAT reference method. The overall sensitivity and 
specificity of the cocktail of 1:1:1:1 combination was 82% and 86%, 
respectively. These results showed that an ELISA using the combination of 
recombinant antigens has the potential to replace the reference method 
MAT. Further optimization of the relative amount of each antigen in the 
final formulation to increase the overall sensitivity by ELISA is underway.

1679
LEPROSY NEW CASE DETECTION TRENDS AND THE EFFECT 
OF PREVENTIVE INTERVENTIONS IN PARÁ STATE, BRAZIL: A 
MODELING STUDY

Haroldo J. de Matos1, David J. Blok2, Sake J. de Vlas2, Jan Hendrik 
Richardus2

1Instituto Evandro Chagas, Belem, Brazil, 2Erasmus MC, Rotterdam, 
Netherlands

Leprosy is still a public health problem in Brazil. Although the overall 
number of new cases is declining, there are still areas with a high disease 
burden, in particular Pará State. We aim to predict future trends in new 
case detection rate (NCDR) and explore the potential impact of contact 
tracing and chemoprophylaxis with single-dose rifampicin on NCDR in 
Pará State. We used SIMCOLEP, an existing individual-based model for 
the transmission and control of M. leprae in a population structured 
by households. The model was quantified to mimic the NCDR trend of 
leprosy in Pará state between 1990 and 2012. The baseline scenario (i.e. 
continuation of current control) includes multidrug therapy, passive case 
detection and BCG vaccination of infants. Leprosy data was obtained 
from the SINAN databases. We also investigated the impact of two 
interventions: 1) contact tracing, and 2) contact tracing in combination 
with administering chemoprophylaxis to contacts. All interventions start 
in 2015 with predictions made until 2050. The modelled trend in Pará 
State after 2012 shows a continuous downward trend, reaching the 
official elimination target of 10 per 100,000 annual new cases by 2028. 
Systematic contact tracing in combination with chemoprophylaxis to 
household contacts would bring the achievement of elimination forward 
to 2026. Contact tracing would increase the number of detected cases in 
the first 9 years, but in the long run would drop below the number in the 
baseline scenario. Administering chemoprophylaxis would prevent almost 
10% of new detected cases since the start of the intervention in the long 
run. Our study indicates that the leprosy incidence will further decrease 
in Brazil. Elimination of leprosy as a public health problem can possibly 
be achieved around 2028 in Pará state. This moment could be brought 
forward by two years through systematic contact tracing in combination 
with chemoprophylaxis.

1680
DEVELOPMENT OF A LUMINEX TREPONEMAL ANTIBODY 
ASSAY FOR LARGE-SCALE SURVEILLANCE AND IMPACT 
EVALUATION OF GLOBAL YAWS ERADICATION PROGRAM

Diana Martin1, Gretchen Cooley1, Brook Goodhew1, Oriol Mitja2, 
Arnold Castro1, Cheng Chen1, Allan Pillay1, Patrick Lammie1, 
Penias Moses3, Tun Ye1, Ron Ballard1

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
2Lihir Medical Institute, LIhir, Papua New Guinea, 3Lihir Medical University, 
Lihir, Papua New Guinea

Yaws, a non-venereal treponemal infection, is characterized by 
papillomatous and ulcerative skin lesions. Mid 20th-century mass-
treatment campaigns resulted in a significant reduction in yaws cases, but 
resurgence of the disease occurred after the campaigns were dismantled. 
Recently, interest in yaws eradication was renewed after demonstration 
that a single oral dose of azithromycin is efficacious treatment for 
yaws. Serological diagnosis of yaws requires detection of two distinct 
antibodies: one against a treponemal antigen that indicates exposure to 
infection (such as the Treponema pallidum particle agglutination [TPPA] 
or hemagglutination [TPHA] assay) and one against a non-treponemal 
antigen (such as the rapid plasma reagin [RPR]) that can discriminate active 
from past infections. Unfortunately, the RPR test cannot be automated 
for use in large-scale, integrated serosurveillance platforms. We therefore 
sought to assess the quantitative correlation of individual treponemal 
antigens on a Luminex® multiplex bead-based immunoassay platform 
against standard serological tests for yaws. A total of 847 serum and 
dried blood spot specimens were collected as part of yaws surveillance 
projects in Ghana, Vanuatu, and Papua New Guinea (PNG). Specimens 
were run at 1:400 dilutions on a Luminex assay to test for IgG antibodies 
directed against the recombinant treponemal antigens p17 (rp17) and 
TmpA. Results were compared to those obtained using TPPA/TPHA 
assays and quantitative RPR test. Compared to the TPPA/TPHA, reactive 
concordance of rp17 was 98.8% (331/335), while reactive concordance of 
TmpA was only 84.8% (284/335). When comparing anti-TmpA reactivity 
against RPR titers we observed a strong correlation that was not seen 
with rp17 responses. A significant increase was noted in TmpA reactivity 
with increasing RPR titers (R2 =0.975 for Ghana and Vanuatu and 0.94 
for PNG). Our results suggest that TmpA could be used as a treponemal 
antigen marker for recent or active infection. Further validation will assist 
in development of a tool that could useful to help yaws surveillance and 
impact monitoring of global yaws eradication programs.

1681
LARGE THROUGHPUT SCREENING AND COMPUTATIONAL 
APPROACHES FOR IDENTIFYING COMPOUNDS EFFICACIOUS 
AGAINST THE OBLIGATE INTRACELLULAR PATHOGEN, 
RICKETTSIA

Alexander Lemenze, Alexander Perryman, James Occi, Joel 
Freundlich, Nancy Connell
Rutgers GSBS Newark, Newark, NJ, United States

Rickettsia is a genus of arthropod vectored, obligate intracellular bacteria 
that is the etiological agent of multiple spotted fevers and typhus diseases, 
most notably Rocky Mountain Spotted Fever and epidemic typhus. Various 
historical and novel Rickettsial diseases are constantly re-emerging as 
major human pathogens such as R. parkerii causing Tidewater Spotted 
Fever that is spreading with climate change up the Eastern coast of the 
United States. In recent years, antibiotic resistance has been documented 
in clinical cases requiring physicians to resort to more toxic treatments 
and therefore new drug compounds are needed for anti-Rickettsial 
development. Rickettsia’s obligate intracellular nature presents challenges 
not usually present in drug screening protocols, which we aimed to 
overcome here. By transforming R. canadensis with pRMA18dRGA 
(Wood et al) expressing Green Fluorescent Protein we are able to utilize 
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fluorescence to measure inhibition of growth of R. canadensis in the 
Vero cell line when exposed to drug-like compounds. After validation 
and optimization of the conditions for compound screening, we have 
begun to screen 2,000 compounds from the Microsource Compound 
Library. Toxicity for each compound was also assessed as a factor in the 
obligate intracellular nature of Rickettsia. The compounds that are active 
in vitro against Rickettsia will be further analyzed through a Bayesian 
algorithm to calculate predictive values for future compounds’ activity 
or lack thereof. This Bayesian algorithm has been used previously by 
our and collaborating laboratories to identify compounds active against 
Mycobacterium tuberculosis and Staphylococcus aureus. By adapting 
methods for large throughput screening and combining data produced 
with the Bayesian algorithm we aim to find novel compounds active 
against Rickettsia spp, and produce a baseline database for future drug 
discovery.
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IN VITRO ANTIMICROBIAL ACTIVITIES OF “ANTIBACT”, 
AN HERBAL MEDICINAL PRODUCT AGAINST CLINICAL 
BACTERIAL ISOLATES

Felix C. Mills-Robertson1, Cynthia I. Onyeka1, Samuel C. Tay1, 
Willimas Walana2, Salomey Acheampong3, Michael Odame3, 
Maxwell Antwi3
1Kwame Nkrumah University of Science and Technology, Kumasi, Ghana, 
2School of Medicine and Health Sciences, University for Development 
Studies, Tamale, Ghana, 3Centre for Plant Medicine Research, Mampong-
Akwapim, Ghana

In vitro antimicrobial activities of ethanol and aqueous “Antibact”, 
herbal products consisting of a combination of the leaves and branches 
of four different plants were evaluated against twenty one pathogenic 
bacteria. Saponins, reducing sugars, phenolics, polyuronides, and 
triterpenes were the major phyto-constituents of both the aqueous and 
ethanol “Antibact”. The LD50 analysis revealed the products were safe 
(LD50>5000 mg/kg bodyweight) for in vivo use. All the isolates (100%) 
were resistant to at least five of the 12 antibiotics used in the study. In 
total, the aqueous “Antibact” inhibited the growth of 5 out of the 21 
(23.81%) microbes used with an average zone of inhibition of 9.73 ± 0.35 
mm while thirteen (61.90%) out of the 21 microbes used were susceptible 
to the ethanol “Antibact”, with an average inhibition zone of 10.80 ± 
0.18 mm. The minimum inhibitory concentration (MIC) of the aqueous 
“Antibact” ranged from 4.00 to 32.00 mg/ml and 0.50 to 8.00 mg/ml 
for the wild and standard strains respectively. In the case of the ethanol 
“Antibact” the MIC ranged from 2.00 to 8.00 and 1.00 to 2.00 mg/
ml for the wild and standard strains, respectively. The average minimum 
bactericidal concentration (MBC) for the aqueous “Antibact” was 32.00 
mg/ml while thatof the ethanol “Antibact” was ranged from 4.00 to 
16.00 mg/ml and 4.00 to 8.00 mg/ml for the wild and standard strains, 
respectively. Thus, both aqueous and ethanol “Antibact” are safe for 
human use and also effective against some pathogenic bacteriaevaluated 
in vitro with the ethanol “Antibact” showing better antimicrobial activity.

1683
MEETING THE CHALLENGES OF BURULI ULCER IN ANAMBRA 
STATE NIGERIA

Amobi L. Ilika1, Valentine C. Ilika2, Chidozie Aniemena1, Frances 
N. Ilika3

1Nnamdi Azikiwe University Teaching Hospital, Nnewi, Nigeria, 2Anambra 
State University Teaching Hospital, Awka, Nigeria, 3London School of 
Hygiene and Tropical Medicine, London, United Kingdom

Buruli Ulcer remains a great public health problem in riverine areas of 
Anambra State, Nigeria. It is a debilitating disease affecting the social and 
economic life of the people who are essentially poor peasant farmers. It 
is shrouded with myths, superstitions, stigma and discrimination which 
affect early and prompt health seeking behaviour. Yet it is neglected and 

no ongoing robust programme is targeted to control the disease. Using in-
depth interviews, key informant interviews and focus group discussion, the 
perceptions of the people were ascertained. Clinical presentation of the 
ulcers were also gathered from infected persons. This lasted from January 
to March 2015. Male and female are equally affected in the distribution 
of the ulcer with the lower limb mostly affected, late presentation results 
in complications such as chronic ulcer, contractures and disability. Myths 
associated with Buruli ulcer includes that it is caused by witches and 
wizards, enemies and offended deities. it is believed that only native 
juju doctors can cure the disease. The ulcer perpetuates poverty cycle 
as affected people are not able to farm thereby reducing the income in 
addition to the treatment bills spent in appeasing the deities and paying 
the juju doctors. Women are mostly affected by stigma which reduces the 
chances of marriage of affected young women. The key challenges are, 
the area is inaccessible because of poor terrain, the educational status 
is low, medical facilities with qualified personnels are limited. There is 
predominance of native juju doctors and sorcerers who perpetuates the 
superstition and myths. Poverty also affects their health seeking behaviour. 
There is need for health education and enlightenment in the area to 
make the people understand the aetiology of the disease, remove myths 
and superstition and thereby encourage early health seeking, diagnosis 
and treatment. There is need for research in the area to know further the 
determinants and distribution of the disease in the area. Poverty alleviation 
and empowerment programmes should be provided in addition to 
improved Orthodox health facilities.

1684
EXAMINATION OF TETANUS VACCINATION AND 
SEROPREVALENCE DATA BY PROVINCE IN CHILDREN UNDER 
5 YEARS OF AGE FROM 2007 AND 2013 IN THE DEMOCRATIC 
REPUBLIC OF CONGO

Hayley Ashbaugh1, Sue Gerber2, Reena H. Doshi1, Patrick 
Mukadi3, Nicole A. Hoff1, Jean-Jacque Muyembe3, Emile 
Okitolonda4, Anne W. Rimoin1
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Democratic Republic of the Congo, 4Kinshasa School of Public Health, 
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Critical evaluation of an immunization program is key to identifying areas 
of need and to ensuring efficacious and efficient resource allocation. We 
compared tetanus vaccination rates (determined by either maternal recall 
or vaccination card) by province for children 12-23 months of age in the 
Democratic Republic of Congo (DRC) from the 2007 (n=1,585) and 2013 
(n=3,366) Demographics and Health (DHS) Surveys. A seroprevalence 
survey was also completed in tandem with the 2013 DHS Survey in which 
Dried Blood Spots (DBS) were collected from participants to determine 
IgG antibodies against tetanus for 8,116 children 6-59 months of age. 
Overall tetanus vaccination coverage (doses 1-3) in the 2007 DHS study 
for children 12-23 months of age was 70.6%, 59.1%, and 45.0%, 
respectively. In the 2013 study, overall tetanus vaccination coverage (doses 
1-3) of children 12-23 months of age was 81.2%, 73.8%, and 60.5%, 
respectively. Tetanus seroprevalence was lowest in Maniema (20.1%) and 
Katanga (27.8%) provinces. In 2007, DTCoq vaccine coverage for children 
12-23 months of age in Maniema was 51.9%, 38.3%, and 17.4%; and 
in Katanga was 60.4%, 51.6%, and 38.6%. In 2013, DTC/Pentavalent 
vaccine coverage for children 12-23 months of age in Maniema was 
73.8%, 66.7%, and 47.2%; and in Katanga was 67.3%, 60.1%, and 
51.3%. Tetanus seroprevalence was highest in North Kivu (51.8%) and 
Kinshasa (51.3%) provinces. In 2007, DTCoq vaccine coverage for children 
12-23 months of age in North Kivu was 93.4%, 91.1%, and 83.3%; and 
in Kinshasa was 94.6%, 87.9%, and 81.1%. In 2013, DTC/Pentavalent 
vaccine coverage for children 12-23 months of age in North Kivu was 
94.4%, 91.1%, and 87.0%; and in Kinshasa was 97.8%, 95.8%, and 
83.7%. Although reported tetanus vaccination coverage has improved 
in the DRC, the low seroprevalence of tetanus antibodies, as well as the 



516

astmh.org

divergence between reported coverage and seroprevalence warrants 
re-examination of current immunization and surveillance strategies. This 
data suggests that geographical disparities exist that may require novel 
or intensive strategies for effective immunization programs in certain 
provinces.
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DO TRACHOMA ASSESSMENTS PREDICT DISTRICTS 
ENDEMIC FOR TRACHOMA? COMPARISONS OF RESULTS 
FROM TANZANIA, UGANDA, BENIN AND DEMOCRATIC 
REPUBLIC OF CONGO

Jeremiah M. Ngondi1, Upendo J. Mwingira2, Edward Kirumbi2, 
Patrick Turyaguma3, Wilfrid Batcho4, Bio A. Amadou4, Jean 
Ndjemba5, Janvier Kilangalanga5, Achille Kabore6, Anne Haggen7, 
Jean Jacques Tougoue6, Kathryn Crowley6, Phil Downs6, Lisa 
Rotondo6

1RTI International, Dar Es Salaam, United Republic of Tanzania, 2Neglected 
Tropical Disease Control Program/MoHSW, Dar Es Salaam, United Republic 
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of the Congo, 6RTI International, Washington, DC, United States, 7RTI 
International, Kampala, Uganda

Prior to SAFE implementation, baseline population based prevalence 
surveys (PBPS) of trachoma must be undertaken to facilitate planning. 
Trachoma assessments (TA) are a rational approach for prioritizing 
resources for PBPS. We compared: methods of TA, results of TA and 
results of PBPS undertaken in four countries. In Tanzania, TA in 56 districts 
included: review of health facility TT data; and assessment of TF and TT in 
two villages. PBPS were prioritized where villages had ≥ 5% TT or ≥15% 
TF, and districts that reported ≥30 TT cases over 5 years. In Uganda, key 
informant interviews and review of clinical records were done in 8 districts. 
PBPS criteria included: ≥10 TT cases for 2 consecutive years; >40% of 
health workers identified TT as a problem; and districts bordering areas 
with TF prevalence ≥10%. In Benin, Communes in 4 northern districts 
were assessed and criteria for PBPS were: bordering districts in neighboring 
countries with TF ≥10%; and reported TT surgery data. In Democratic 
Republic of Congo (DRC), TA included: investigation of TT cases seen at 
health facilities in Orientale, Equateur and Katanga; and assessment of TT 
cases seen in the community in North and South Kivu Provinces. Criteria 
for PBPS were: ≥10 TT cases seen at health facility; ≥10 TT cases seen in 
the community; and heath zones bordering countries where TF prevalence 
was ≥10%. PBPS were done using GTMP methods. In Tanzania, of 19 (out 
of 56) districts prioritized for PBPS, two had TF prevalence ≥10% and none 
had TT prevalence ≥1%. PBPS in four (out of 8) districts in Uganda showed 
TF prevalence and TT prevalence <10% and <1%, respectively. In Benin, 
11 (out of 27) communes had PBPS of which two had TF prevalence ≥10% 
and 3 had TT prevalence ≥1%. In DRC, 32 (out of 99) health zones were 
prioritized for PBPS. PBPS have been completed in 10 health Zones where 
TF prevalence ≥10% and TT prevalence ≥1% was recorded in 4 and 8 the 
health zones, respectively. Results suggest that TA have been beneficial 
in identifying priority areas for PBPS. The PBPS provide important data for 
SAFE implementation; however, trachoma endemicity was low in most of 
the areas surveyed.
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WHICH DISTRICTS ARE ENDEMIC FOR TRACHOMA: 
METHODS AND RESULTS OF TRACHOMA ASSESSMENT IN 
TANZANIA

Jeremiah M. Ngondi1, George Kabona2, Mathias Kamugisha3, 
Alistidia Simon4, Edward Kirumbi2, Deogratias Damas5, Andreas 
Nshala5, Kathryn Crowley6, Lisa Rotondo6, Upendo J. Mwingira2

1RTI International, Dar Es Salaam, United Republic of Tanzania, 2Neglected 
Tropical Disease Control Program/MoHSW, Dar Es Salaam, United Republic 
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United Republic of Tanzania, 4Sightsavers, Dar Es Salaam, United Republic 
of Tanzania, 5IMA World Health, Dar Es Salaam, United Republic of 
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By January 2014, baseline surveys of trachoma have been completed in 
76 of 161 districts in Tanzania. The remaining 85 districts had unknown 
trachoma prevalence although most were suspected to be endemic. 
Establishing trachoma endemicity was needed to plan for implementation 
of the SAFE (surgery, antibiotics, facial cleanliness, environmental change) 
strategy in order to meet GET 2020 goals. We describe trachoma 
assessments undertaken to prioritize districts for population based 
prevalence surveys. The trachoma assessment was undertaken in 54 
un-surveyed rural districts and two urban districts contiguous to highly 
trachoma endemic districts. The assessment comprised three activities: 
1) key informant interviews with the district medical officers (or district 
eye-care coordinator or district NTD coordinator); 2) desk reviews to 
document data on trachomatous trichiasis over the last five years (2009 to 
2013); and 3) spot checks in 2 villages per district to examine 50 children 
aged 1-9 years and 50 people aged 15 years and above, in each village, 
for active trachoma signs (trachomatous inflammation follicular [TF] and 
trachomatous inflammation intense [TI]), and trachomatous trichiasis (TT), 
respectively. Key informant interviews revealed that majority (85.7%) 
of the 56 districts perceived that there were areas in their district with 
trichiasis; however, 15 (27.8%) districts did not have any data on trichiasis. 
Based on the proposed criteria (proportion of TT ≥5% among 15 years and 
above, or active trachoma ≥15% in children aged 1-9 year, or at least 30 
TT cases reported over previous five years) a total of 19 (33.9%) districts 
were found to be eligible for population based surveys of trachoma. 
The trachoma assessment provides a rational approach for deciding 
areas where resources for population based surveys and subsequent 
implementation of the SAFE strategy will be prioritized. Baseline surveys in 
the 19 districts will enhance Tanzania’s progression toward elimination of 
trachoma by the year 2020.
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THE SHRINKING TRACHOMA MAP IN TANZANIA: RESULTS 
OF BASELINE SURVEYS IN 31 DISTRICTS
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Bernard Kilembe1, Edward Kirumbi1, Alistidia Simon3, Deogratias 
Damas4, Alphonsina Nanai5, Mwelecele Malecela2, Maria 
Chikawe1, Christina Mbise3, Kathryn Crowley6, Harran Mkocha7, 
Patrick Masae8, Lisa Rotondo6, Jeremiah M. Ngondi9
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Blinding trachoma is prevented through the surgery, antibiotics, facial 
cleanliness and environmental improvement (SAFE) strategy. Prior to 
SAFE implementation, baseline surveys of trachoma are recommended. 
As of 2012, only 61 out of 161 districts had been mapped from 2004 
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to 2006. Trachoma was suspected to be more widespread therefore 
further surveys were required for planning SAFE implementation. Between 
2012 and 2014, trachoma baseline surveys were undertaken in 31 un-
surveyed districts. In 2012 and 2013, 12 at risk districts were selected 
based on proximity to known trachoma endemic districts, while in 2014, 
trachoma assessments were undertaken and 19 districts prioritized for 
baseline surveys. A multi-stage cluster random survey sampling was 
applied whereby 20 villages (clusters) and 36 households per cluster were 
surveyed. Eligible participants, children aged 1-9 year and people aged 15 
years and above, were examined for trachoma using the WHO simplified 
grading system. A total of 23,199 households were surveyed and 105,092 
participants (4.3% of those enumerated) examined for trachoma signs. A 
total of 44,516 children aged 1-9 years were examined for trachomatous 
inflammation-follicular (TF) while 65,256 people aged 15 years and above 
were examined for trachomatous trichiasis (TT). Prevalence of TF varied 
by district ranging from 0.1%; 95% confidence interval [CI] (0.02-0.4) 
in Serengeti to 12.8%; 95% CI (8.3-19.3) in Chunya. TT prevalence was 
lowest in Misungwi [0.04; 95%CI (0.01-0.2)] and highest in Kibaha [2.5%; 
95%CI (1.8-3.4). Two districts (Ngara and Chunya) had TF ≥10% while 3 
districts (Chunya, Korogwe and Kibaha) had TT prevalence ≥1%. Based 
on the survey findings only two districts qualify for implementation of the 
full SAFE strategy. Trichiasis is still a public health problem in three districts 
and community based TT surgery services should be considered to prevent 
blindness due to trachoma. Although prevalence of trachoma was lower 
than previously suspected, in most districts, the findings will facilitate 
implementation of SAFE in endemic districts.
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PROGRESS TOWARDS ELIMINATION OF TRACHOMA IN 
TANZANIA: RESULTS OF IMPACT SURVEYS IN 28 DISTRICTS
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The World Health Organization recommends evaluation of the surgery, 
antibiotics, facial cleanliness and environmental change (SAFE) strategy 
after at least three years of implementation. We investigated the 
prevalence of trachomatous inflammation-follicular (TF) in children aged 
1-9 years and trachomatous trichiasis (TT) in people aged 15 years and 
above in 28 districts. Surveys were conducted in districts where SAFE had 
been implemented for 3 years or more. Cluster random survey design 
was used to select the sample. Districts were stratified into three to four 
sub-districts and 10 to13 villages (clusters) randomly selected in each sub-
district. Households were selected in using systematic random sampling. 
In sampled households, children aged 1-9 years were examined for TF 
and persons aged 15 years and above were examined for TT using World 
Health Organization (WHO) simplified grading system. A total of 41,641 
households were surveyed. A total of 77,133 children aged 1-9 years and 
110,763 people aged 15 years and above were examined for trachoma 
signs. District prevalence of TF ranged from 0.5%; 95% confidence 
interval [CI] (0.5-1.3) in Karagwe to 14.1%; 95%CI (10.9-18.1) in Kilindi. 
District prevalence of TF was below the 5% threshold for stopping mass 
drug administration (MDA) in 19 districts. Prevalence of TF was ≥10%, and 
between 5% and 9.9% in five and four districts, respectively. Prevalence 
of TT by district ranged from 0.1%; 95% CI (0.0-0.2) in Kondoa to 2.9%; 
95% CI (2.2-3.9) in Lindi with 11 districts with TT prevalence of ≥1%. 

Survey findings suggest that the ultimate intervention goal for TF of 
<5%TF has been attained in 19 districts therefore MDA with Zithromax® 
should be stopped and surveillance surveys undertaken after 2 years. 
However, in the remaining districts at least 3 rounds of MDA and a single 
round of MDA are recommended in 5 and 4 districts, respectively; before 
further impact surveys are done. However, in many districts TT still remains 
a serious public health problem and therefore trichiasis surgery is required 
to clear the TT backlog.
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IMPACT OF MASS DRUG ADMINISTRATION ON TRACHOMA 
PREVALENCE IN 7 DISTRICTS OF THE FAR NORTH REGION IN 
CAMEROON
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Cameroon is known to be endemic with trachoma in the northern regions. 
Disease mapping in 2010-2011 in the Far North region of the country 
identified 13 health districts (HDs) with prevalence of trachomatous 
inflammation, follicular (TF) of more than 10% in children aged 1-9 
years. These HDs were therefore qualified for district-level mass antibiotic 
treatments as well as intensive implementation of other components of 
the World Health Organization (WHO) endorsed SAFE (Surgery, Antibiotic 
treatment, Facial cleanliness and Environmental improvement) strategy. 
Of the 13 HDs, 7 completed 3 rounds of mass drug administration with 
good coverage and qualified for impact assessment. A cross-sectional, 
descriptive, cluster randomized survey was conducted in May-July 2014 
in the 7 HDs to estimate the prevalence of TF in order to determine 
whether the criteria for stopping mass treatment with azithromycin 
had been achieved. A sample of 12,377 children aged 1-9 years was 
surveyed. The WHO simplified trachoma grading system was used for the 
recording of cases. Findings showed that average prevalence of TF in 7 
HDs decreased from 20.58% (95% confidence interval: 19.9% - 21.2% 
in 2010 to 2.04% (95% confidence interval: 1.79 - 2.30%) in 2014. 
The TF prevalence in each HDs was 6.49% (Meri), 5.75% (Pette), 0.37% 
(Bourha), 0.90% (Hina), 0.28% (Koza), 0.37% (Mogode), and 0.29% 
(Roua). Five out of 7 HDs surveyed reached TF prevalence of <5% and 
met the criteria of stopping mass antibiotic treatment. Two HDs, Meri and 
Pette, recorded TF prevalence from 5-9.9% and will receive one additional 
round of treatment before conducting an additional impact assessment 
survey, according to the WHO recommendations.
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Filarial infections are a major public health problem that can lead to 
debilitating outcome such as the hydroceles and elephantiasis seen in 
lymphatic filariasis (LF). Phlebotomus duboscqi, the sand fly vector for 
Leishmania major (Lm) parasites, is found in areas endemic for LF in Mali. 
To determine whether there may be potential interactions between the 
presence of filarial infections and of Lm, the prevalence of the two major 
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filarial infection found in Mali (W. bancrofti [Wb] and M. perstans [Mp]) 
in two ecologically distinct regions - Tieneguebougou/Bougoudiana in 
Kolokani district (North Sudan savannah area) and Boundioba in the 
district of Kolondieba (South Sudan Savannah area) -- was assessed as 
was the prevalence of coincident delayed type hypersensitivity (DTH) 
responses to leishmanin as measured by skin test (LST). A total of 930 
volunteers aged from 18 to 65 years were included from the two endemic 
areas. Prevalence rates for the Wb-specific circulating filarial antigen 
(CFA) were 7.69% (15/195), 3.04% (7/230) and 10.30% (52/505) while 
the Mp microfilaremia prevalence rates were 11.79% (23/195), 4.35% 
(10/230) and 9.50% (48/505), for Tieneguebougou, Bougoudiana 
and Boundioba, respectively. Interestingly, the prevalence rates based 
on LST for exposure to Lm infection were 25.12% (49/195), 8.88% 
(15/169) and 2.04% (8/393), respectively, in each of these villages. Single 
filarial infection was more common in the study population 15.16% 
(141/930) than DTH response to Lm within the filarial infected subjects 
9.03% (14/155) (Chi2=4.076, p=0.044). Microfilaremia prevalence was 
comparable in Kolokani (7.76 %) and Kolondieba (9.50 %) (p=0.35) 
while CFA prevalence was significantly higher in Kolondieba (p=0.0040) 
as well as DTH response in Kolokani (p<0.0001). These findings establish 
the existence of co-endemnicity of filarial infections and Lm infections in 
regions in Mali. Additionally, because of the potential interaction between 
differing immune-mediated responses seen in chronic filarial infections and 
in Lm infection, more detailed and integrated approach to these infections 
is needed in co-endemic regions.
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The prevalence of malaria and anaemia in pregnancy remains high despite 
efficacious antenatal care (ANC) interventions being available for more 
than two decades. Sub-optimal uptake of the interventions due to non-
participation of pregnant women in ANC may be a contributory factor. We 
hypothesized that participation of pregnant women in their ANC would 
improve adherence to ANC recommendations and lead to better health 
outcomes. A cluster randomized trial was conducted to assess the effect 
of pregnant women’s participation on the risk of anaemia and malaria 
parasitaemia during pregnancy. The intervention consisted of ANC staff 
showing pregnant women their rapid malaria test (RDT) and haemoglobin 
(Hb) colour scale (HCS) results to encourage their participation. The control 
group had routine care. We also assessed the feasibility and acceptability 
of the intervention. The overall mean age, gestational age and Hb at 
baseline were 26.4yrs, 17.3 weeks and 110 g/l, respectively, and similar in 
both groups; 10.7% had asymptomatic parasitaemia; 74.6% owned ITN 
of whom 48.8% slept under it the night prior to enrolment. The adjusted 
risk ratio by 8 weeks of follow up and at 36-40 weeks gestation in the 
intervention versus the control was 0.97 (95% CI: 0.78-1.22) and 0.92 
(95% CI: 0.63-1.34) for anaemia and 1.17 (95% CI: 0.68-2.04) and 0.83 
(95% CI: 0.27-2.57) for parasitaemia. The adjusted risk ratio for low birth 
weight was 0.93 (95% CI: 0.44-1.97) and for sub-optimal pregnancies 
(abortions, intra uterine foetal deaths and still births) was 0.77 (95% CI: 
0.17-3.52) in the intervention group versus the control. Integration of 
the HCS and the RDT into ANC was feasible and acceptable. Both ANC 
staff and pregnant women perceived some improvement in pregnant 
women’s adherence to ANC recommendations although clear evidence of 
a biological effect was not found. The effect may have been diluted out 
by the concurrent introduction of RDTs into routine ANC during the time 
of the study and some implementation challenges of the enhanced ANC 
package at the ANC clinics.
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PROVIDING SURGICAL CARE IN RURAL HAITI: LESSONS 
LEARNED AND PROGRESS MADE
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Surgical care in undeveloped poor countries is often lacking, only 
occurring at large regional hospitals. Rural residents may not have the 
financial means for care or the ability to travel. For the past 12 years, a 
team of medical professionals have been performing surgical procedures 
in a remote Haitian village in communication with the local Minister of 
Health. The College of Medicine has established a short-term global 
health elective for medical students and surgery residents. The purpose 
of this study was to review our experience providing surgical care to a 
profoundly underserved region. From 2003-2015, surgical procedures have 
been performed solely under local anesthesia. Early on, procedures were 
performed in a large room with separate areas for pre and postoperative 
care. Later, an on-site multi-room clinic was constructed with sinks, 
improving sanitary conditions. One surgical faculty, 4 circulating nurses, 3 
nursing students, 6 surgical residents (elective began 2009), and 2 medical 
students (elective began 2013) have participated. Utilities are limited and 
alternative sterilization techniques employed. The procedures performed 
have included ventral and inguinal hernias (198), lipoma excisions (31), 
abscess drainages (31), thyroglossal duct cystectomy (2), skin cancer and 
large keloid excisions (15), and other (58). There have been no deaths and 
only 5 complications. Two hypertensive patients developed hematomas 
requiring evacuation and 2 patients had recurrence of their inguinal 
hernias prompting the change to a mesh repair in 2005. One hernia repair 
was aborted due to extensive scar tissue and the patient sent to a regional 
hospital. The global burden of surgical disease needs to be addressed 
on numerous fronts, including the most underserved and remote rural 
populations. The local conditions and volunteer expertise need to be 
matched so that excellent, appropriate, and safe care is provided. Trainees 
will benefit from the experience as well as on the addition of components 
of cultural education and global surgery ethics. Above all, participants 
must demand “Primum non nocere” or “First, Do No Harm”.

1693
CHILD MALNUTRITION IN ECUADOR: RESULTS FROM THE 
ECUADORIAN NATIONAL HEALTH AND NUTRITION SURVEY 
(ENSANUT-ECU)

Winnie Chu1, Wilma B. Freire2, Saurabh Mehta1, Jere D. Haas1, 
Julia L. Finkelstein1

1Cornell University, Ithaca, NY, United States, 2Ministry of Health of 
Ecuador and the Universidad San Francisco de Quito, Ecuador, Quito, 
Ecuador

The burden of child malnutrition in Latin America is high, although there 
is limited data from Ecuador. The recent Ecuadorian National Health and 
Nutrition Survey is the first national level nutrition survey since 1987, and 
provides a unique opportunity to examine the burden of malnutrition 
in children in Ecuador. Socio-demographic and anthropometric data 
(n=9,145) and venous blood samples (n=2,049) were collected. The 
prevalence of anemia, micronutrient deficiencies (zinc, vitamin A, iron, 
vitamin B12, folate), and stunting (LAZ<-2), underweight (WAZ<-2), 
wasting (WLZ1), and obesity (BMIZ>2) were calculated and mapped 
using ArcGIS. Binomial and linear regression models were used to 
examine the associations of anemia, micronutrient deficiencies, and 
WHO anthropometric indicators and socio-demographic characteristics. 
The prevalence of child stunting (25.0%), underweight (5.0%), wasting 
(2.3%), and overweight (30.0%) was high. Micronutrient deficiencies 
were common in children, particularly zinc deficiency (Zn<65.0 μg/
dL; 25.0%), anemia (Hb<11.0 g/dL; 16.0%), and vitamin A deficiency 
(retinol0.05); however, the prevalence of anemia was higher in Coastal 
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Ecuador (22%; RR: 1.65, 95% CI: 1.36-2.00, p<0.01), compared to all 
other regions. Lower maternal education predicted increased prevalence 
of child anemia (19%; RR: 1.40, 95%: CI: 1.10-1.77, p<0.01) and vitamin 
A deficiency (19%; RR: 1.41, 95% CI: 1.11-1.79, p<0.01). The prevalence 
of child stunting was significantly higher in rural compared to urban areas 
(30% vs. 21%; p<0.01), and in the Sierra (29%, RR 1.32, CI 1.22-1.44, 
p<0.01). Indigenous children had the highest prevalence of stunting (39%; 
RR: 2.17, 95% CI: 1.97-2.39, p<0.01). Findings suggest that the burden 
of child malnutrition is high in Ecuador, including anemia, micronutrient 
deficiencies, and stunting, particularly in urban and coastal settings. 
Further understanding of the burden and distribution of child malnutrition 
will inform the design of targeted interventions.

1694
USE OF INTERFERON-Γ RELEASE ASSAYS FOR THE 
DIAGNOSIS OF TUBERCULOSIS IN PATIENTS WITH 
CONCURRENT MALARIA INFECTION IN TANZANIA

Camilla H. Drabe1, Nyagonde Nyagonde2, Filbert Francis2, Michala 
V. Rose1, Martha M. Lemnge2, Ib C. Bygbjerg1, Morten Ruhwald3, 
Pernille Ravn1, Lasse S. Vestergaard1

1University of Copenhagen, Copenhagen, Denmark, 2National Institute 
for Medical Research, Tanga, United Republic of Tanzania, 3Statens Serum 
Institut, Copenhagen, Denmark

Latent tuberculosis can be diagnosed with interferon-γ release assays 
(IGRAs). However, several conditions have been shown to interfere with 
IGRA performance, including concomitant glucocorticoid treatment, 
smoking, and human immunodeficiency virus (HIV) and helminth co-
infection. It remains yet unknown whether concurrent malaria infection 
also affects IGRA performance; however, the well-established immune-
modulating effects of malaria suggest this may be the case. We aimed in 
this clinical study in Tanzania to assess the effect of acute Plasmodium 
falciparum infection on the performance of two different IGRA tests: 
QuantiFERON-TB Gold in-tube (QFT-GIT) assay and the IFN-gamma-
inducable protein 10 (IP-10) release assay. Study participants included 
adults with confirmed uncomplicated P. falciparum malaria attending 
Muheza District Hospital in north-eastern Tanzania as part of a larger trial 
looking at malaria treatment efficacy and safety in patients co-infected 
with HIV. A total of 241 adults were included: 184 patients with malaria 
(88 co-infected with HIV) and 57 patients with HIV infection only. Patients 
with malaria received the standard six-dose treatment with artemether-
lumefantrine, and QFT-GIT and IP-10 release assays were performed prior 
to treatment on day 0 and again on day 7 and day 42 after treatment. 
Independently of HIV, significantly lower INF- and IP-10 responses to 
mitogen-stimulation were observed in patients with concurrent malaria 
compared to patients without malaria, with negative correlations observed 
between parasite density and INF- and IP-10 levels. These alterations 
reverted after malaria treatment. Malaria infection did not influence QFT-
GIT testing results as such, while a higher proportion of IP-10 release 
assays showed indeterminate results during acute malaria. Our findings 
suggest that malaria infection interferes with IGRA performance through 
impairment of INF-γ and IP-10 responses. We therefore recommend being 
cautious when interpreting IGRA results in patients with malaria and that 
testing for tuberculosis be postponed until after completion of malaria 
treatment.

1695
DEVELOPMENT OF A REAL-TIME PCR DIAGNOSTIC FOR 
PATHOGENIC LEPTOSPIRA

Erik P. Johnson, Dale A. Schwab
Focus Diagnostics, San Juan Capistrano, CA, United States

The current gold standard for the direct detection of Leptospira in clinical 
specimens is culture in semi-solid media, which requires up to 26 weeks of 
growth. In addition, leptospires lose viability in urine, a common sample 
type, within hours after collection. To address these drawbacks, we have 

developed a real-time PCR assay for the detection of pathogenic strains 
of Leptospira. Here, we evaluated the Leptospira Assay for analytical 
sensitivity and specificity as well as the stability of organism in various 
specimen types. Patient samples were spiked into common sample types, 
urine, whole blood, and cerebrospinal fluid (CSF), and stored for varying 
times and temperatures. Samples were then extracted using the MagNA 
Pure LC automated platform, and subjected to Real-Time PCR using 
primers and probes specific to the 16S gene of pathogenic Leptospira. 
The Leptospira Assay, which could be completed in 5 hours, detected 
Leptospira interrogans, L. weilii, L. santarosai, L. borgpetersenii, L. 
kirschneri, and L. noguchii, but did not detect nonpathogenic strains 
Leptospira biflexa, L. meyeri, and L. wolbachii. The Leptospira Assay 
detected as little as 600 cells/ml from blood, 150 cells/ml from urine, 
and 75 cells/ml from CSF. Several stability studies were performed, which 
demonstrated that, even for molecular testing, Leptospira were stable 
in urine for only 1 hour after spiking at room temperature, and for less 
than 1 day at 4°C. However, Leptospira were stable in urine for 30 days 
at -20°C and stable in blood and CSF for 2 days, 7 days, and 30 days at 
room temperature, 4°C, and -20°C, respectively. Therefore, it is highly 
recommended that urine samples are shipped frozen. With a turn-around 
time of 24 hours and increased analytical sensitivity, especially in frozen 
samples, the Leptospira real-time PCR assay is an improvement over 
culture.

1696
ULTRASOUND FINDINGS OF TROPICAL CONDITIONS IN A 
COHORT OF SOUTH ASIAN IMMIGRANTS SEEN IN VICENZA, 
ITALY

Maria T. Giordani1, Paolo Fabris1, Luca Lazzarini1, Roberta Narra2, 
Enrico Brunetti3
1Infectious and Tropical Diseases Department, san Bortolo Hospital, 
Vicenza, Italy, 2Department of Clinical Surgical Diagnostic and Pediatric 
Sciences, University of Pavia, Pavia, Italy, 3Division of Infectious and Tropical 
Diseases IRCCS San Matteo Hospital Foundation-University of Pavia, Pavia, 
Italy

Immigrants from developing countries are a potential source of 
imported tropical conditions, including transmissible diseases. While 
illegal immigrants mostly come from sub-Saharan Africa crossing the 
Mediterranean sea, Asian immigrants generally travel legally to Italy and 
receive less medical attention. We describe the epidemiological, clinical 
and sonographic findings in a cohort of 145 Asian immigrants admitted 
to our Infectious Diseases and Tropical Medicine Department in Vicenza, 
Italy, from 2000 to 2014. Their countries of origin were India (45 patients, 
31%),Bangladesh (72 p., 49.6%) and Pakistan (28 p., 19.3%).In all 
patients, point of care ultrasound (PoC-US) was performed in the first 
week of admission and during the hospital stay.The main diagnosis at 
discharge was: tuberculosis (TB) in 31 cases (21.3 %, 13 pulmonary TB, 
18 extrapulmonary TB), acute viral hepatitis in 29 cases (20 %, 10 HEV, 
2 HAV, 4 HBV, 2 of unknown origin); 12 patients had acute-on-chronic 
viral or alcoholic liver damage, in another three cases acute hepatitis 
was associated with Dengue Fever. 15 patients (10.4% ) had typhoid or 
paratyphoid fever, 15 (10.4%) had pneumonia, 8 meningitis (5.51%), 
and 11 soft tissue infections (7.58%). Parasitic diseases (malaria, liver 
amebiasis, trichuriasis, toxoplasmosis and scabies) accounted for 8 cases 
(5.51 %). Only two patients (1.37 %) tested positive for HIV. The main 
ultrasonic findings were: hepatomegaly (52, 35.8%), fatty liver (48 , 33.1 
%), splenomegaly (39, 26.8 %), pleural, pericardial and/or abdominal 
effusions (42, 28.9%), lymph nodal abscesses, both superficial and deep 
(12, 8.27%), coarse liver pattern (8, 5.5%) hepatic and splenic abscesses 
(7, 4.8%).Most patients (120, 82.75 %) had recently traveled to their 
country of origin or were recently immigrated and had an imported 
infectious condition. Immigrants from South Asia visiting friends and 
relatives (VFR) need more clinical attention from the ID specialist. PoC-US is 
helpful in diagnosing and managing tropical conditions in this population, 
as it allows identification of relevant, and sometimes pathognomonic 
findings in these conditions.
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1697
CLINICAL, LABORATORY AND EPIDEMIOLOGICAL PROFILE 
AND TREATMENT OF SEVERE SCHISTOSOMIASIS MANSONI 
IN A TEACHING HOSPITAL IN SÃO PAULO CITY, BRAZIL

Maíra Reina Magalhães, Maria Cristina Carvalho Espírito-Santo, 
Naíma Mortari, Expedito José Luna, Ronaldo Cesar Gryschek
Faculdade de Medicina da Universidade de São Paulo, São Paulo, Brazil

Schistosomiasis remains a public health problem in Brazil. The aim of 
this study was to evaluate the clinical, epidemiological and laboratory 
profile of patients with severe forms of schistosomiasis assisted at 
the Schistosomiasis Outpatient Clinic of the Hospital das Clinicas of 
the University of São Paulo. This is a case series study evaluating 42 
outpatients’ records. We developed a data collection questionnaire from 
patients’ medical records and described their clinical and laboratory data. 
In addition, we made a comparison between patients with and without 
splenomegaly. The clinical, epidemiological and laboratory profile showed 
the following: predominance of males 57.1% (24/42); 100% (42/42) had 
the hepatosplenic form of the disease; 68.3% of patients (28/42) had 
just elementary school education and mean age of 48.24 years. Among 
the symptoms that led the patient to seek medical attention, presence 
of an enlargement in any organ was more prevalent: 55.3% (12/36). 
There was a statistically significant association between splenomegaly 
and thrombocytopenia (p <0.004) between splenomegaly and leukopenia 
(p <0.046), and only 2.5% (1/22) of patients presented with bleeding. 
Regarding specific treatment, 54.2% (13/24) of patients used Praziquantel 
and 45.8% (11/24), Oxaminiquine. Patients used the following non-
specific drug therapy: 65% (26/40) Propranolol, 90% (36/40) Omeprazole, 
and 43.6% (39/42) Aluminum Hydroxide 92.9% (39/42) of patients 
required an upper endoscopy, 85% (39/40), sclerotherapy, 62.5% (25/15), 
elastic bandages, and 28.2% (11/39) underwent surgery. This preliminary 
study allowed us to observe the clinical, epidemiological and laboratory 
profile of patients treated in an outpatient clinic far from endemic areas 
for schistosomiasis, while pointing out that medical and endoscopic 
treatment, in combination with outpatient treatment can be effective 
in preventing bleeding and surgical treatment. The severe forms of this 
helminthiasis require an interdisciplinary outpatient follow-up.

1698
CHIKUNGUNYA RHEUMATISM DURING THE SUBACUTE 
PHASE OF THE DISEASE AND ITS CORRELATION WITH IGG 
ANTIBODIES: FINDINGS FROM AN OUTBREAK IN COLOMBIA

Elsa M. Rojas Garrido1, Maria C. Miranda Montoya1, Victor M. 
Herrera Galindo1, Adriana M. Gómez Bernate1, Luisa V. Galviz 
Gómez2, Luz A. Rey Caro1, Luis A. Villar Centeno1

1Centro de Investigaciones Epidemiológicas, UIS., Bucaramanga, Colombia, 
2Departamento de Medicina Interna, UIS., Bucaramanga, Colombia

Chikungunya rheumatism (CHIK-r) includes a broad spectrum of disorders 
ranging from mere pain to frank arthritis with severe incapacity, however, 
the burden of this complication, its clinical features, and its relationship 
with the immunological response have not been fully characterized, 
especially in areas where the disease has been recently introduced. We 
evaluated 78 adults with clinical diagnosis of Chikungunya (CHIK) fever 
and persistent musculoskeletal symptoms after 15 days of disease’s onset, 
in the context of an outbreak in Capitanejo, Colombia. CHIK infection was 
confirmed in 73 patients (mean age: 59 years; 23% male; median disease’s 
duration: 46 days) using micro-capture ELISA for IgG. Antibody levels were 
expressed in NovaTec units (NTU). Patients underwent a clinical evaluation 
focused on the determination of rheumatic symptoms and a physical 
exam that included the squeeze test (in hands and feet) and the handgrip 
maneuver (Jamar dynamometer). The association between antibody levels 
and clinical signs of rheumatic involvement was evaluated using multiple 
logistic regression, adjusting for age, sex, and disease’s duration. Arthralgia 
was the most frequently reported symptom at disease’s onset (97%) 

and the time of evaluation (90%). Myalgia was also highly prevalent at 
both moments (90% and 48%, respectively). Squeeze test was positive 
in 34 (50%) and 30 (44%) patients when performed in hands and feet, 
respectively (kappa: 0.82, p<0.01). Overall, patients had low grip-strength, 
especially those who had positive as compared to negative squeeze tests 
(12.5 kg vs. 16.3 kg, p<0.05; respectively). A positive squeeze test (in 
hands), but not the grip-strength, was more likely among patients with 
higher antibody levels: 6% higher probability of positivity per 1 NTU 
increase in antibody levels (OR=1.06, 95%CI: 1.01 - 1.12). The handgrip 
maneuver and the squeeze test may contribute to a better characterization 
of rheumatic complications and correlate with the antibody’s response. 
Whether these tools are useful to assess prognosis deserves further 
evaluation

1699
IMPACT OF MALARIA RAPID DIAGNOSTIC TESTS ON 
PATIENTS’ SUBSEQUENT TREATMENT-SEEKING, COSTS AND 
HEALTH OUTCOMES: RESULTS FROM THE ACT CONSORTIUM

Heidi Hopkins, Philippa West, Shunmay Yeung, Clare Chandler, 
ACT Consortium RDTs in Context Working Group
London School of Hygiene & Tropical Medicine, London, United Kingdom

Malaria rapid diagnostic tests (RDTs) are intended to have a beneficial 
impact on management of suspected malaria, and on health outcomes 
and other patient-related outcomes. The ACT Consortium includes several 
studies designed to test operational strategies for artemisinin combination 
therapy (ACT) and RDT implementation in various settings, providing an 
opportunity to draw on data from multiple projects that have introduced 
RDTs across a range of clinical, social, and epidemiological contexts, and in 
public, private retail, and community health service sectors. The impact of 
RDTs on case management is presented in a separate abstract; this analysis 
focuses on events after the clinical consultation, including subsequent 
treatment seeking, patient costs, and self-reported health outcomes. Data 
were examined from eight studies comparing scenarios where RDTs were 
made available to control scenarios where RDTs were not made available. 
Preliminary analysis of three data sets shows that where RDTs were 
introduced, the proportion of patients seeking further care after the initial 
consultation increased in one high-transmission setting where community 
health workers offered only ACT; this was not the case in another setting 
in retail drug shops which offered non-ACT alternatives for RDT-negative 
patients. The same data sets indicate that patient or caregiver report 
of symptomatic recovery is approximately equivalent whether or not 
RDTs are available. Full results will include analysis by health care sector, 
epidemiology, patient age, routine and reference diagnostic results, and 
treatment prescribed at the initial consultation. This ongoing analysis 
aims to elucidate features associated with variation in post-consultation 
outcomes in order offer tailored guidance for policy and program 
development for RDT introduction in other areas.

1700
ASSESSMENT OF RISK FACTORS FOR PRETERM BIRTH AND 
CONTRIBUTIONS OF PREMATURITY TO FUTURE RISK OF 
ADVERSE OUTCOMES IN A BANGLADESHI BIRTH COHORT

E. Ross Colgate1, Dorothy M. Dickson1, Marya P. Carmolli1, 
Rashidul Haque2, Masud Alam2, Josyf C. Mychaleckyj3, Uma 
Nayak3, Mary Claire Walsh1, Sean A. Diehl1, Firdausi Qadri2, 
William A. Petri3, Beth D. Kirkpatrick1

1University of Vermont College of Medicine, Burlington, VT, United States, 
2International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, 
Bangladesh, 3University of Virginia, Charlottesville, VA, United States

Preterm birth has been identified by the WHO as a major global public 
health problem and accounts for more infant deaths in the first month 
of life than any other cause. South Asia has the highest rates of preterm 
birth. We followed a birth cohort of 700 healthy infants from the urban 
slums of Dhaka, Bangladesh for 2 years. We examined factors contributing 
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to preterm birth and whether prematurity led to increased risk for adverse 
outcomes related to rotavirus vaccine efficacy and any diarrheal illness in 
the first year of life. In our cohort, gestational age assessments using the 
Dubowitz-Ballard scale were completed on a subset of 381 children at 
enrollment (0-7 days after birth) by a trained medical officer. Among 381 
children, 32% were born preterm (32-36 weeks gestation). We examined 
predictors of prematurity including child’s gender, birth order, mother’s 
age and BMI, and delivery status (cesarean vs vaginal). No association 
was found between preterm birth and infant or maternal characteristics, 
nor with cesarean delivery. To survey associations between prematurity 
and increased risk for adverse outcomes, we used univariate and logistic 
regression analysis to examine incidence and duration of rotavirus and 
all-cause diarrhea in the first year of life; infant rotavirus-specific IgA at 
6 and 18 weeks of age; enteric co-pathogen burden at 10 weeks; serum 
zinc at 6 and 18 weeks; and incidence of diarrhea-related serious adverse 
events in the first year. Prematurity was not found to predict increased 
risk for any of these outcomes. In a population with high prevalence of 
childhood malnutrition, prematurity notably may explain a portion of 
described malnutrition in our cohort: 59% of stunted children (HAZ<-2SD) 
at enrollment were also assessed as premature, as were 50% of children 
with WAZ<-2SD and 39% with WHZ<-2SD at enrollment. Preterm birth 
was not associated with increased risk of malnutrition by one year of 
age. Future analyses will include assessment of prematurity and cognitive 
function outcomes up to age 2 years which may indicate clear targets for 
public health interventions to prevent preterm births.

1701
SAFETY EVALUATION OF FIXED-DOSE 
DIHYDROARTEMISININ-PIPERAQUINE COMBINATION IN A 
REAL LIFE SETTINGS

Abraham R. Oduro1, Seth O. Owusu-Agyei2, Margaret Gyapong3, 
Fred N. Binka4

1Navrongo Health Research Centre, Navrongo, Ghana, 2Kintampo Health 
Research Centre, Kintampo, Ghana, 3Dodowa Health Research Centre, 
Accra, Ghana, 4University of Allied Health Sciences, Ho, Ghana

Uncommon and rare reactions with delayed onset may not be detected 
before new medicines are licensed. Post-licensure surveillances are 
carried out to expand the evidence base of products characteristics for 
which marketing authorization were granted. Using the established 
INDEPTH-network safety monitoring platform the study evaluated safety 
of dihydroartemisinin-piperaquine as first-line treatment for malaria 
across different settings in Ghana. Key questions answered were the 
safety of the drug when used under usual conditions and assessment of 
the occurrence of adverse events. Health and Demographic Surveillance 
areas of Navrongo, Kintampo and Dodowa research centres located in the 
northern, middle and coastal belts of Ghana were used. From September 
2013 to June 2014 a prospective, observational, study was carried 
out. Participants were males and females, age >6 months, weighing ≥ 
5kg, ability to take oral medications, acute febrile illness and informed 
consent. Detailed clinical enquiry was conducted. Data analysis involved 
descriptive characteristics and adverse events coded using MedDRA® 
System Organ Class classification. The protocol received approval from 
the Ghana Health Service Ethics Review Committee, Ghana Food and 
Drugs Authority and was registered with Clinicaltrials.gov (NCT02199951). 
Approximately 95.5% (4563/4777) patients comprising 52% females 
and 48% children < 6 years of age. Overall 347 adverse with incidence 
rate of 76/10000 population. Characteristics associated with adverse 
effects were body mass index and parasite density. The commonest events 
according the MedDRA® Coding per 10000 population were infestations 
(465), gastrointestinal disorder (103), Respiratory conditions(46), thoracic 
disorders(44), Nervous system disorders (26) and Skin disorders (26). In 
conclusion, fixed-dose dihydroartemisinin-piperaquine combination is very 
safe in African population with malaria in real life settings

1702
NATIONAL SEROPREVALENCE OF MEASLES, TETANUS AND 
RUBELLA AMONG CHILDREN AGED 6-59 MONTHS IN THE 
DEMOCRATIC REPUBLIC OF CONGO

Reena H. Doshi1, Nicole A. Hoff1, Patrick Mukadi2, Sue Gerber3, 
Stephen Higgins4, Emile Okitolonda5, Jean-Jacques Muyembe-
Tamfum2, Anne W. Rimoin1

1University of California Los Angeles Fielding School of Public Health, Los 
Angeles, CA, United States, 2National Institute for Biomedical Research, 
Kinshasa, Democratic Republic of the Congo, 3Bill & Melinda Gates 
Foundation, Seattle, WA, United States, 4Dynex Technologies, Chantilly, 
VA, United States, 5Kinshasa School of Public Health, Kinshasa, Democratic 
Republic of the Congo

Serosurveys are a direct and accurate method to assess population 
level immunity and can provide critical insight into immunity gaps and 
operational program efficiency. In collaboration with the Demographics 
and Health Survey (DHS) we assessed population immunity to vaccine-
preventable diseases in the Democratic Republic of Congo. We screened 
8,117 children aged 6 to 59 months for IgG antibodies against measles, 
rubella and tetanus using dried blood spots (DBS) collected during the 
2013 DHS. DBS were tested using the Dynex Multiplex M2 platform, 
an automated enzyme-linked immunosorbant assay at the National 
Laboratory for Biomedical Research in Kinshasa. Seropositivity rates for 
children in three age categories were determined for measles, tetanus, and 
rubella antibodies, respectively. Children aged 6 to 8 months had rates of 
18.3, 46.7, and 14.0%; children 9 to 11 months had rates of 40.1, 43.6, 
and 23.9%; and children 12 to 59 months had rates of 73.1, 31.8 and 
39.3% seropositivity for the three diseases described. VPD seroprevalence 
varied by province as well, ranging from 51.4-81.6% for measles, 20.1-
51.8% for tetanus, and 19.3-52.5% for rubella. The lowest seropositivity 
rates for tetanus and measles were seen in Katanga and Maniema 
provinces. The prevalence of rubella was highest in Bandundu. The low 
seroprevalence of measles and tetanus antibodies indicate that large-scale 
immunity gaps exist across the DRC. The large percentage of children 
exposed to rubella in the absence of a vaccine, suggests widespread 
circulation of the virus throughout the country. In DRC, there is an 
immediate need to re-evaluate immunization strategies for these vaccine 
preventable diseases.

1703
HOSPITALIZATIONS IN IMMIGRANTS AND NON-
IMMIGRANTS WITH CHRONIC HEPATITIS C INFECTION IN 
QUEBEC

Rhiannon L. Kamstra1, Laurent Azoulay2, Russell Steele3, Marina 
Klein4, Christina Greenaway5

1Centre for Clinical Epidemiology, Lady Davis Research Institute for 
Medical Research, Jewish General Hospital, Department of Epidemiology, 
Biostatistics and Occupational Health, McGill University, Montreal, 
QC, Canada, 2Centre for Clinical Epidemiology, Lady Davis Research 
Institute for Medical Research, Department of Epidemiology, Biostatistics 
and Occupational Health, McGill University, Montreal, QC, Canada, 
3Department of Mathematics, McGill University, Montreal, QC, Canada, 
4Division of Infectious Diseases, McGill University Health Center. 
Department of Epidemiology, Biostatistics and Occupational Health. McGill 
University, Montreal, QC, Canada, 5Division of Infectious Diseases, Jewish 
General Hospital, Centre for Clinical Epidemiology, Lady Davis Research 
Institute for Medical Research, Jewish General Hospital. Department of 
Epidemiology, Biostatistics and Occupational Health, McGill University, 
Montreal, QC, Canada

Chronic hepatitis C (HCV) causes considerable morbidity and mortality 
in Canada due to liver cirrhosis, liver failure and liver cancer that could 
be prevented through early screening and treatment. Immigrants are 
an underappreciated group at risk for HCV, often originating from high 
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prevalence countries. This study characterized all-cause and liver-related 
hospitalizations in HCV-infected immigrants compared to non-immigrants. 
We performed a retrospective population-based cohort study of all 
HCV cases in the Quebec mandatory disease reporting database from 
1998 to 2007. Cases were deterministically linked to hospitalization 
and outpatient services databases. Liver-related hospitalizations were 
identified through discharge diagnoses and procedure codes. A total of 
20,139 linked cases of chronic HCV were reported from 1998-2007, 9% 
(N=1,821) of whom were immigrants. At HCV diagnosis, immigrants were 
older (47.6 vs. 43.2y, p<0.05), more likely to be female (46.7 vs. 31.9%, 
p<0.05), and to have liver cancer (0.93 vs. 0.31%, p<0.05). The mean 
time to HCV diagnosis after arrival was 9.8 ± 6.9 years. Non-immigrants 
had a 3-10 fold higher prevalence of HCV-related risk factors, including 
drug or alcohol abuse, and HIV. Non-immigrants were more likely to be 
hospitalized at least once during follow-up compared to immigrants (49.3 
vs. 35.8%, p<0.05 with hospitalization rates of 31.3 vs 18.2 /100 PY). 
Immigrants were as likely to have at least one liver-related hospitalization 
(7.8% vs. 7.1%), however in-hospital deaths were more likely to be liver 
related among immigrants as compared to non-immigrants (57.9% vs 
41.8%, p<0.01). The most common primary discharge diagnoses for non-
immigrants were mental disorders (20.5%) and injury/poisoning (10.3%) 
whereas for immigrants they were liver-related (11.6%) and neurologic 
disorders (10.2%). Higher all-cause hospitalizations in non-immigrants 
likely reflects more prevalent lifestyle comorbidities. The higher prevalence 
of liver cancer and in-hospital deaths due to liver disease in immigrants 
highlights the importance of early HCV screening and treatment in this 
population.

1704
INCIDENCE OF TROPICAL DISEASES IN THE US MILITARY 
2004-2013

Elizabeth Blazes1, Leslie Clark2, David Blazes3

1Sidwell Friends School, Washington, DC, United States, 2Armed Forces 
Health Surveillance Center, Silver Spring, MD, United States, 3Uniformed 
Services University of the Health Sciences, Bethesda, MD, United States

Understanding the impact of tropical disease on health is important to 
the US military, because many service-members travel overseas to areas 
where there is a high risk of acquiring these illnesses. To understand the 
scope of this risk, we quantified the incidence of the five most important 
tropical diseases in the military from 2004 to 2013 using the Defense 
Medical Surveillance System (DMSS), a continuously expanding relational 
data base that documents military and medical experiences of service 
members throughout their careers. Standard ICD9 codes for the following 
diseases were included: Dengue, Leptospirosis, Leishmaniasis, Malaria, and 
Helminths. Descriptive techniques were used to calculate the incidence 
rates in the military over the period of time between 2004 and 2013. 
Overall, there were a total of 10,941 cases of the five tropical diseases, 
and an incidence rate of 60.4 cases per 10,000 person-years. Most of 
those cases were Helminths, which had a total of 8,398 cases over the 
ten years, and an incidence rate of 46.4 cases per 10,000 person-years. 
Leishmaniasis was the next most common illness, at 1,327, or an incidence 
rate of 4.7 cases per 10,000 person-years. Malaria and leptospirosis were 
less common, with 860 and 95 cases respectively, yielding incidence rates 
of 4.8 and 0.5 cases per 10,000 person-years. In all the diseases, there 
seems to be a general downward trend from 2004 to 2013, possibly a 
result of decreasing deployments to tropical areas or better conditions 
encountered in those areas where travel occurred.

1705
ACUTE FEBRILE SYNDROME IN COLOMBIAN NORTHWEST

Maria F. Yasnot1, Maria C. Velasco2, Virginia C. Rodriguez2

1Universidad de Cordoba, Monteria, Colombia, 2Grupo de Investigaciones 
Microbiológicas y Biomédicas de Córdoba, Universidad de Cordoba, 
Monteria, Colombia

Fever is one of the most characteristic symptoms of infectious diseases, 
sometimes the only one or the most important. A few time of fever, 
usually due to self-limited viral processes or noninfectious diseases. 
When fever persists more than two weeks, it is considered prolonged as 
a result of an infectious disease in many cases, but also in malignancy, 
autoimmune or hematologic diseases, metabolic disorders and vascular 
disorders. The febrile syndrome is the most common and nonspecific, It 
is defined as sudden onset of fever and less than seven days duration in 
patients who have not been identified signs or symptoms related to an 
infectious focus. Infectious disease to discard in the course of a febrile 
syndrome are diverse, such as tuberculosis, typhoid fever, brucellosis, 
sepsis, endocarditis, localized infections, urinary tract infections, rickettsia 
and viral processes. On this study, were evaluate five infectious agents 
(dengue virus, Plasmodium sp., Brucella spp., Leptospira sp., and 
Salmonella sp.) that are cause of febrile illness at the Córdoba department 
in Colombia, using molecular and immunological techniques to identified. 
Dengue contributes 40% of all cases, followed by malaria with 20%. 
Was not possible to determine the etiology of 36% of patients and 2% 
of leptospirosis. Only one patient showed co-infection with dengue and 
malaria; brucellosis and salmonellosis is not evident as the etiologic agent 
of febrile syndrome in this study.

1706
EPIDEMIOLOGIC CHARACTERISTICS OF ACUTE NEUROLOGIC 
DEFICIT IN ELDERLY PEOPLE FROM A DEVELOPING COUNTRY

Mentor Ali Ber Lucien1, Claudia Pierre2

1National Laboratory of Public Health, Port-au-Prince, Haiti, 2Quisqueya 
University, Port-au-Prince, Haiti

Elderly patients are vulnerable people and neurologic disorders are a very 
important public health problem which carries a risk of loss of autonomy. 
In developing countries like Haiti, few data exist about neurologic 
disorders. The aim of this study was to describe epidemiologic patterns 
of elderly people with acute neurologic deficit from Haiti. It was a 
retrospective cohort study conduct in the internal medicine ward from a 
big teaching hospital in Port-au-Prince: La Paix Hospital. The study period 
was 1st January 2012 to 31 October 2014. Criteria of inclusion: all adults 
patients admitted in the internal medicine ward with acute neurologic 
deficit and older than 65 years old. The criteria of exclusion were: charts 
non available. 525 elderly patients were hospitalized during this period 
and 124 had acute neurologic disorder. A systematic sampling was applied 
over the registry of the site. One patient over two was included in the 
study. Data from 62 patients were analyzed. Mean age was 75 years old, 
32 (51.6%) patients were female. 45 (72.5%) had previously hypertension; 
7 (11.2%) had diabetes; 8 (13%) were at their second acute episode. 
Only 16 (25.8%) patients came in less than 6 hours at the hospital. 18 
(29%) had a blood systolic pressure > 220mnHg or a diastolic pressure > 
120 mmHg. 25(40.32%) patients died and 50% of them before 3 days. 
12 patients (19.35%) had a coma; 20 (32.25%) had obnubilation, 13 
(20.9%) had seizure and 24 (38.70%) had speech disorders. 15 (24.19%) 
patients had facial palsy; 27(43.54%) had a left motor neurologic deficit, 
3 (4.83%) had a neurologic deficit located at right inferior limb and 
14(22.58%) had neurologic deficit at right superior and inferior limbs. All 
of the 17(27.41%) patients who realized a CT scan done it after 24 hours 
of hospitalization. 12 (70.58%) of them were ischemic stroke while the 
5 (29.41%) others were hemorrhagic stroke. In our cohort, 25 (40.32%) 
patients died. 50% of those who survived had a length of stay of 8 days 
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while it was only for those who died of 3 days. It is very important to 
develop Point of Care technologies for neurologic emergencies at low 
economic cost for developing countries.

1707
PREVALENCE AND DETERMINANTS OF TRYPANOSOMA 
CRUZI INFECTION AMONG CITIZENS OF BOLIVIAN DESCENT 
LIVING IN MUNICH, GERMANY

Stefan Hohnerlein1, Miriam Navarro2, Nicole Berens-Riha1, 
Peter Seiringer1, Charlotte von Saldern1, Sarah Garcia1, Michael 
Hoelscher1, Thomas Loescher1, Michael Pritsch1

1Division of Infectious Diseases and Tropical Medicine, Medical Center of 
the University of Munich (LMU), Munich, Germany, 2Fundación Mundo 
Sano, Madrid, Spain

Chagas disease (CD) affects 7 million humans worldwide and is responsible 
for 10,000 estimated deaths annually. Due to increased population 
mobility, CD has become an international health issue. Migration of 
Latin-American migrants from Spain (most CD-affected country in 
Europe) to other European countries is increasing lately. Germany lacks 
surveillance data. A cross-sectional, descriptive study was started in 
2013 as a pilot project to determine the prevalence and determinants 
of CD among citizens of Bolivian descent living in Munich, Germany. 
Participants completed a questionnaire in order to collect socio-economic 
and medical data. Peripheral blood was drawn and specific antibodies 
against Trypanosoma cruzi  antigens were determined by ELISA and IFAT. 
If positive, PCR, clinical staging and management of CD was initiated. A 
qualitative research was conducted through 2 interviews (one women 
T.cruzi+, one women with unknown serological status) and a focus group 
(3 subjects T. cruzi-), all in Spanish language, in order to assess the impact 
of CD for individuals and the Bolivian community. Between June 2013 
and June 2014, 43 citizens of Bolivian descent living in Munich could be 
enrolled. Four participants (9.3 %) were T. cruzi +, two of these also in 
PCR. Two of them were treated with benznidazole. Two of the T. cruzi 
+ subjects had a mother with CD. A total of 55.8% of all participants 
(2 of the 4 T. cruzi +) had no knowledge about symptoms of CD and 
30.2% (1/4 T. cruzi +) about ways of transmission. A total of 27.9% 
(0/4 T. cruzi +) had donated blood in the past without prior serological 
tests on CD, 62.8% (3/4 T. cruzi +) were motivated to donate blood 
and 53.5% (3/4 T. cruzi +) to donate organs. Regarding qualitative 
research, lack of knowledge about CD, stigma and fears associated with 
CD were identified. Regarding the lack of epidemiological data about 
CD in Germany and the absence of measures controlling non-vectorial 
transmission, the prevalence in this pilot study is alarming. Prevalence 
and determinants of CD in Germany have to be investigated further 
in a nationwide study and sensible control strategies with information 
campaigns should be put in place.

1708
SINGLE NUCLEOTIDE POLYMORPHISMS IN ANGIOGENIC AND 
INFLAMMATION PATHWAY GENES ARE ASSOCIATED WITH 
PATENT LYMPHATIC FILARIASIS

Jubin Osei-Mensah1, Linda Batsa-Debrah1, Anna Albers2, Lydia 
Lust2, Felix Brockschmidt3, Christine Herold4, Yusif Mubarik1, Tim 
Becker3, Holger Fröhlich Fröhlich3, Kenneth Pfarr2, Achim Hoerauf2, 
Alex Debrah5

1Kumasi Centre for Collaborative Research into Tropical Medicine, Kumasi, 
Ghana, 2University Hospital of Bonn, Bonn, Germany, 3University of Bonn, 
Bonn, Germany, 4Universit of Bonn, Bonn, Germany, 5Kwame Nkrumah 
University of Science and Technology, Kumasi, Ghana

Two-thirds of people with bancroftian lymphatic filariasis (LF) have 
sub-clinical disease or are asymptomatic and present as microfilaremic 
individuals (patent infections) or amicrofilaremic individuals who are 
antigen-positive (latent infections). These sub-groups are crucial to the 
continued transmission of Wuchereria bancrofti and have a direct 

bearing on the individual and overall public health burden of endemic 
communities. Although a clear distinction in immunogenetic profiles in 
response to LF is known to occur between overt clinical manifestations 
such as pathology and sub-clinical disease, it is unclear whether patent 
infections are distinct from latent states in sub-clinical disease. In a 
Ghanaian study, 101 single nucleotide polymorphisms (SNPs) and 1 
insertion/deletion polymorphism from 48 candidate genes were selected 
for a case-control study. Genotyping was done for 302 patent and 389 
latent unrelated individuals. SNPs in 9 genes [Caveolin-1 rs926198 (PATT = 
0.03), Desmoplakin rs2076299 (PATT = 0.01), Endothelin-1 rs5370 (PATT 
= 0.04), GJA4 rs1764391 (PATT = 0.01), IFN-gamma rs2069707 (PATT = 
0.049), IGF-1 rs2946834 (PATT = 0.002), NOD-1 rs736781 (PATT = 0.047), 
NOD2/Card15 rs1000331 (PATT = 0.005), TLR-4 rs5030725 (PATT = 9E-4)] 
and the TLR-2 gene insertion/deletion (-196 to -173 base pairs) (PATT = 
0.04) were associated with patent infection. Haplotype analysis yielded 
haplotypes of SNPs in two genes that were significantly associated with 
infection status. AT in the IGF-1 gene was significantly associated with 
patent infection (Monte-Carlo method with 200,000 simulations), while 
the haplotype GT was significantly associated with latent infection (Global 
P = 1.5E-5). The haplotype CG in the IFN-γ gene was also associated 
with latent infection (Global P = 0.04). Our findings suggest that SNPs in 
angiogenic and inflammation genes are associated with patent infection 
and that the two states of sub-clinical disease are distinct chronic states in 
LF disease pathogenesis.

1709
MEDIATORS OF VASCULAR PERMEABILITY AND LYMPH/
ANGIOGENESIS ARE MARKERS FOR HYDROCELES CAUSED 
BY WUCHERERIA BANCROFTI INFECTION

Chrisinta Weier1, Anna Albers1, Linda Batsa-Debrah2, Sunny 
Mante3, Sabine Mand1, Birgit Stoffel-Wagner1, Ute Klarmann-
Schulz1, Alex Debrah4, Kenneth Pfarr1, Achim Hoerauf1

1University Hospital of Bonn, Bonn, Germany, 2Kumasi Centre for 
Collaborative Research into Tropical Medicine, Kumasi, Ghana, 337 Military 
Hospital, Accra, Ghana, 4Kwame Nkrumah University of Science and 
Technology, Kumasi, Ghana

Lymphatic filariasis, caused by the filarial nematode Wuchereria 
bancrofti, is a disease that affects over 120 million people. Most 
individuals have no or just mild pathology, whereas others have severe 
pathology including lymphedema (~7% of infected individuals) or 
hydrocele (50% of infected men). Hydrocele is a painful swelling of 
the scrotum caused by accumulation of lymph fluid. The aim of this 
study was to identify biomarkers of hydrocele due to filarial infection. 
Hydrocele fluid was collected as part of a Volkswagen Foundation funded 
study investigating the use of doxycycline therapy in hydrocele patients. 
Eight hydrocele samples were analyzed: 3 treated, 3 control and 2 
European idiopathic hydrocele samples. Using Isobaric Tags for Relative 
and Absolute Quantitation (iTRAQ) the relative protein content of the 8 
samples was measured simultaneously. Placebo samples were analyzed 
against doxycycline and idiopathic samples. From the iTRAQ results we 
identified ~1000 proteins that were up- or down-regulated in the placebo 
samples. Prioritization of the results identified 9 proteins that were 
significantly higher in lymphatic filariasis hydrocele fluid (placebo): the 
androgen receptor, angiopoietin 2, cystatin C, fibronectin, heparan sulfate 
extracellular region, IGFBP-2 and -6, osteopontin and VCAM-1. These 
proteins are mediators or interact with mediators of vascular permeability 
and lymph/angiogenesis. Androgen receptor, fibronectin, IGFBP-2 and 
-6, osteopontin, and down-stream pathway factors are being analyzed in 
hydrocele fluid and plasma as markers of lymphatic filariasis hydrocele that 
could aid in early diagnosis and interventions to prevent or reverse disease.
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1710
UTILITY THICK SMEAR OF LARGER VOLUME FOR THE 
DIAGNOSIS OF MANSONELLA OZZARDI IN THE PERUVIAN 
AMAZON

Salomon Durand, Dolores Rimarachin, Alejrandro Quiroz, Robert 
V. Gerbasi, Andres G. Lescano
U.S. Naval Medical Research Unit - 6, Callao, Peru

Although filariasis Mansonella ozzardi is very common in some regions 
of the Peruvian Amazon, little is known about its clinical presentations, 
its actual distribution in the Amazon Basin and its role in aggravation of 
other diseases. This filariasis is considered a neglected disease in the world. 
One of the major constraints to learning more about this condition is the 
difficulty of diagnosis. The Knott test, which is the gold standard for the 
diagnosis of this disease, is difficult to perform, and not done routinely 
in rural setting. For these reasons, we conducted a study to determine 
the sensitivity of the thick smear for malaria and a thick smear modified 
with increased blood volume compared to the Knott test for the diagnosis 
of this disease. The study was conducted in a rural community in the 
Peruvian Amazon of approximately 500 inhabitants where we knew there 
was a high prevalence of M. ozzardi. Nearby and accessible houses were 
selected and after obtaining consent, samples of 5 ml of blood were taken 
from the arm of participants to perform a thick smear in a 6 µL volume of 
blood, similar to that performed for the diagnosis of malaria, and 2 thick 
smears of 60 µL, each of which were stained with giensa. A Knott test was 
also performed. The sensitivity and specificity were calculated. Samples 
were taken from 91 persons over 5 years. 56/91 (61.5%) of the samples 
were M. ozzardi-positive by Knott test. The sensitivity of the thick smear 
was only 58.9% (CI 45.8-70.8) while the sensitivity of a thick film of 60 µL 
was 75.0% (CI 62.3- 84.4) and the sensitivity of two thick smear of 60 uL 
was 82.4% (CI 70.1-90.0). The specificities of all smears were 100%. In 
conclusion, the sensitivity, simplicity, and practicality of two thick smears 
of 60 uL would allow for sufficiently accurate diagnosis of filariasis by M. 
ozzardi in field studies and in rural health facilities.

1711
CHEMOKINE PROFILE OF HUMAN INTESTINAL 
HELMINTHIASIS IN AGBOR NIGERIA

Ebube M. Odoya1, Onyeabuchi Patric Nmorsi2, Reginah E. 
Ohenhen2, Clement Isaac2

1Nigerian Institute for Trypanosomiasis Research, Vom, Nigeria, 2Ambrose 
Alli University, Ekpoma, Nigeria

The study provides information on chemokine 5(CXCL-5) and chemokine 
11(CXCL-11)profile in human intestinal helminthisis in Agbor Delta 
State, Nigeria.Feaces were examined using formo-ethol concentration 
method and Karto-Katz techniques. Sera from 72 volunteers infected 
with helminthes and 8 uninfected controls were subjected to chemokine 
evaluation using ELISA techniques.Eggs of intestinal helminthes identified 
were those of Ascaris lumbricoides (26.6%), Trichuris (5.8%), 
Hookworm (3.6%); Tapeworm and larvae of Strongyloides had 0.9% 
and 0.4% respectively. Plathyhelminthes had Schstosoma mansoni, 
7.6%; S. intercalatum 6.3% and Fasciola, 1.3%. CXCL-11 concentration 
showed no significant difference in expression between males and females 
(3500.00±42.08)pg/ml and their control subjects (2891±11.31)pg/ml. 
In CXCL-5, infected males (3839±2190.20)pg/ml showed no significant 
difference relative to male control (3549±3123.49)pg/ml (p>0.05). 
In the contrary, CXCL-5 concentration was high in infected females 
(7015.20±2190.20) pg/ml than in female control (1107.0±7391.77)pg/
ml (x2 =3796.20, p<0.001=124.84 ). In conclusion, elevated concentration 
of CXCL-5 in serum of volunteers infected with intestinal helminthes 
implicates this chemokine as an important biomarker in the immunology 
of intestinal helminthiasis especially in subclinical cases.

1712
CHRONIC INFECTION WITH LITOMOSOIDES SIGMODONTIS 
PROTECTS AGAINST ANAPHYLAXIS IN ORALLY SENSITIZED 
MICE

Laura E. Kropp, Edward Mitre
Uniformed Services University, Bethesda, MD, United States

Anaphylaxis is a life-threatening condition that can result from IgE-
mediated allergy. It is becoming increasingly prevalent in western 
countries and results in approximately 1,500 deaths a year in the 
United States. In this study we investigated the therapeutic potential 
of helminths on systemic anaphylaxis in orally sensitized mice. BALB/c 
mice were sensitized by weekly oral gavage with ovalbumin (OVA) plus 
Staphylococcal enterotoxin B (SEB) or mock sensitized with PBS for a 
period of two months. Two weeks after completion of sensitization mice 
were infected with Litomosoides sigmodontis, a rodent filarial parasite, 
or mock infected with PBS. Ten weeks post-infection mice were challenge 
by intraperitoneal injection of 0.4 mg of OVA. Basal temperature was 
evaluated every 5 minutes for 30 minutes following OVA-challenge. 
OVA-sensitized and mock-infected mice dropped an average of 2.6 
degrees Centigrade by 30 minutes. In contrast, OVA-sensitized mice 
that were infected with L. sigmodontis experienced no change in core 
body temperature. As expected, PBS-sensitized mice that were infected 
with L. sigmodontis or mock infected exhibited no change in core body 
temperature during the 30 minutes post-challenge. Thus, chronic infection 
with L. sigmodontis appears to prevent anaphylaxis in mice with pre-
existing allergy. Identifying the mechanisms underlying this phenotype 
could be important in developing novel therapeutics to treat allergic 
disease.

1713
PHARMACOKINETICS OF ORALLY ADMINISTERED 
DIETHYLCARBAMAZINE AND ALBENDAZOLE IN FERRETS 
(MUSTELA PUTORIUS FURO)

So Young Kim, Edward Mitre
Uniformed Services University of the Health Sciences, Bethesda, MD, 
United States

A major obstacle to eliminating lymphatic filariasis is a lack of effective 
macrofilaricidal drugs, medications that are active against the adult stage 
of these parasites. Drug development has been hindered by the lack of a 
small mammal model of lymphatic infection that develops clinical disease. 
We have established a previously developed ferret model of LF. In our 
model, 150 Brugia malayi L3’s are injected subcutaneously in the right 
hind limb of ferrets. The adult worms reside in the lymphatic vessels, cause 
histologic and clinical lymphangitis, and develop permissive infections with 
the production of circulating L1 stage microfilarial worms. The objective 
of this study is to describe the pharmacokinetics of known anthelmintic 
drugs in our model in order to evaluate the suitability of ferrets for filarial 
drug testing. To achieve this, we administered a single oral dose of 
diethylcarbamazine (DEC) or albendazole (ALB) by gavage to healthy adult 
ferrets. In our experiment, 3 ferrets were given doses of: DEC 50mg/kg, 
DEC 250mg/kg, ALB 40mg/kg, or ALB 200mg/kg. The ferrets underwent 
four blood draws at baseline, 1 hour, 4 hours, and 24 hours after 
treatment. Plasma samples were analyzed by LC-MS/MS. The peak drug 
concentration for the low dose DEC was 1010 ng/ml and occurred at the 
1 hour timepoint. Peak concentration for high dose DEC was 6200 ng/ml 
and occurred at 4 hours. Peak drug concentrations for low and high dose 
albendazole were 270 and 80 ng/ml, respectively. For both low and high 
dose albendazole the peak drug concentration was measured at 1 hour. In 
both DEC and ALB groups, the drugs reached the lower limit of detection 
by 24 hours. Based on our limited timepoints to date, we can estimate 
that the half-life for low dose DEC is 3-5 hours and the high dose is 12-15 
hours. In humans, the half-life of DEC is 8 hours. The estimated half-life 
of ALB in ferrets is 2-3 hours for the high dose. In humans the half-life 
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of ALB is 10 hours. These findings give a foundation for determining 
antifilarial drug pharmacokinetics in ferrets. Future studies will utilize more 
timepoints and include other agents.

1714
INVESTIGATING EARLY INFECTION STATUS OF THE FILARIAL 
PARASITE BRUGIA MALAYI IN LABORATORY ANIMAL 
MODELS

Erica J. Burkman, Christopher C. Evans, Molly D. Savadelis, 
Michael T. Dzimianski, Andrew R. Moorhead
University of Georgia, College of Veterinary Medicine, Athens, GA, United 
States

Lymphatic filariasis (LF) is a mosquito-borne disease caused by the parasitic 
nematodes Wuchereria bancrofti and Brugia malayi. These parasites 
are a major cause of morbidity globally, with an estimated 120 million 
people infected. Brugia malayi is the preferred laboratory model for LF 
due to the fact that non-primate hosts can become infected. For over 
30 years, the domestic cat has been utilized as the primary non-rodent 
experimental model for B. malayi. However, only approximately 25% 
of felines become patent and maintain a microfilaremia of >1000 mf/
ml, which is necessary for life cycle maintenance. The primary test to 
determine infection status is the presence of circulating microfilariae (mf), 
which are detectable as early as 4 months. The cost of maintaining this 
animal model is relatively high, and it would be beneficial to be able to 
detect a biomarker to indicate infection status before mf are observed. In 
order to compare host susceptibility in another experimental model, we 
also examined B. malayi-infected canines, which have been implicated as 
a reservoir in endemic areas. Ten male domestic cats and eight adult male 
and three adult female, heartworm-negative, beagle dogs were infected 
by subcutaneous injection of 400 (cat) or 500-1,000 (dog) B. malayi third-
stage larvae. We monitored complete blood counts (CBCs), lymphedema, 
and microfilaremia. Filarial infections are known to induce a strong Th2 
response. Therefore, we examined eosinophil levels in the blood, with the 
hypothesis that animals with high eosinophilia would become infected, 
but would not develop a patent infection. However, sequential CBCs 
monitored over the period of one year showed that cats maintained a 
high eosinophilia regardless of their infection status. Canine eosinophil 
levels were all within normal established reference ranges, even though 
50% would become patent. These results may indicate that eosinophils 
do not play a role in the initial response to infection in the dog and cat 
and provide further insight into the role of LF pathogenesis in these animal 
models.

1715
HOW CAN ONCHOCERCIASIS ELIMINATION IN AFRICA BE 
ACCELERATED? MODELING THE IMPACT OF STRATEGY 
ADJUSTMENTS

Wilma A. Stolk1, Grace Fobi2, Afework H. Tekle2, Honorat G. 
Zouré2, Luc E. Coffeng1, Annette C. Kuesel3, Samuel Wanji4, 
Daniel A. Boakye2, Sake J. De Vlas1, Jan H. Remme5, Jean-Baptiste 
Roungou2, Michel Boussinesq6

1Erasmus MC, Rotterdam, Netherlands, 2African Programme for 
Onchocerciasis Control (World Health Organization/APOC), Ouagadougou, 
Burkina Faso, 3World Health Organization/TDR, Geneva, Switzerland, 
4University of Buea, Buea, Cameroon, 5Consultant, Ornex, France, 6Institut 
de Recherche pour le Développement, Montpellier, France

Great progress has been made towards elimination of onchocerciasis in 
Africa by annual ivermectin mass treatment. Some countries are already 
close to elimination and might stop interventions before 2020. Other 
countries are lagging behind, e.g. due to a late start, very high pre-control 
endemicity level, implementation problems or contraindications for the 
implementation of ivermectin mass treatment. To eliminate onchocerciasis 
in these countries before 2025, interventions must be intensified or 
alternative treatment strategies must be implemented. We used the 

established ONCHOSIM model to investigate how much the time-to-
elimination can be reduced by various strategy adjustments for different 
settings. Our results show that doubling the frequency of treatment from 
yearly to 6-monthly reduces remaining program duration by about 40%. 
Similar reductions can be achieved by continuing annual mass treatment 
with a more effective drug like moxidectin, or - if the achieved coverage 
is too low - by increasing treatment coverage to usual levels. The relative 
reductions in time-to-elimination do not depend much on the pre-control 
endemicity level and number of treatment rounds provided thus far. Test 
and treat approaches may be needed for Loa loa co-endemic areas where 
ivermectin mass treatment is contraindicated or compliance is poor due to 
perceived risk of side effects. We recommend that measures are taken to 
improve treatment coverage where needed. Further, biannual treatment 
should be considered when interventions are not yet fully scaled-up, or 
where pre-control levels are exceptionally high. Where these adjustments 
are expected to still be insufficient for achieving elimination by 2025, other 
strategies could be considered, including 3-monthly mass treatment, the 
addition of vector control through ground larviciding, or the use of more 
efficacious drugs for mass treatment or selective treatment of carriers. The 
cost-effectiveness, feasibility, and acceptability of different policy options 
should be taken into account.

1716
FIELD COMPARISON OF THE BINAX FILARIASIS NOW 
CARD TEST AND THE ALERE FILARIASIS TEST STRIP FOR 
DETECTION OF WUCHERERIA BANCROFTI CIRCULATING 
FILARIAL ANTIGENS

Cédric B. Chesnais1, Sébastien Pion1, Naomi P. Awaca2, François 
Missamou3, Gary J. Weil4, Michel Boussinesq1

1Institut de recherche pour le Développement, Montpellier, France, 
2Ministère de la Santé publique, Kinshasa, Democratic Republic of the 
Congo, 3Ministère de la santé publique, Brazzaville, Republic of the Congo, 
4Washington University School of Medicine, St. Louis, MO, United States

The Global Program to Eliminate Lymphatic Filariasis (GPELF) recommends 
use of tests for circulating filarial antigens (CFAs) to identify areas that 
require mass drug administration (MDA), to assess the impact of MDA, 
and for post-MDA surveillance. We compared the Binax Now Filariasis 
card test (ICT) with the recently released Alere Filariasis Test Strip (FTS). 
Comparisons were conducted in two sites that were endemic for LF: 
(1) a pre-MDA village in the Democratic Republic of Congo (DRC), and 
(2) a village in the Republic of Congo after two years of semiannual 
MDA with albendazole. The FTS detected 44.8% more subjects with 
filarial antigenemia (all subjects positive by FTS and negative by ICT 
were amicrofilaraemic) than the ICT (42/187 vs 29/187) in the DRC 
study site. The difference in the sensitivity of the tests was much higher 
in the community under MDA, where the FTS detected 93.2% more 
infected subjects (only one subject amongst the 41 who were positive 
by FTS and negative by ICT was microfilaraemic) than the ICT (85/697 vs 
44/697); one subject (amicrofilaremic) was positive by ICT and negative 
by FTS. When tests were scored with a semiquantitative scale 0-3, mean 
scores were about 1 unit lower with the ICT compared to the FTS. A 
portable densitometer (Konica FD-5) was used in DRC to measure the 
intensity of the T line in a sub-sample of 124 FTS (from which 16, 28, 
24 and 56 were visually scored 0, 1, 2 and 3, respectively). We found a 
significant correlation between the semi-quantitative visual scores and the 
intensities of the T lines assessed on the spot by the densitometer (rho = 
0.93, P-value < 0.001). Intensities of the T lines were also reassessed at 
different intervals to assess the stability of test results. Post hoc intensity 
measurements showed a high correlation with the original values up to 
8 days. These results confirm that the FTS is more sensitive than the ICT, 
especially with lower levels of infection. Densitometry can be used to 
objectively read FTS as a means of quality control for visual readings.
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EFFECT OF AN INJECTABLE LONG-ACTING FORMULATION OF 
IVERMECTIN ON ONCHOCERCA OCHENGI

Michel Boussinesq1, Peter Enyong2, Patrick N. Chounna 
Ndongmo2, Sébastien D. Pion1, Christophe Roberge3, Georges 
Gaudriault3, Samuel Wanji2
1Institut de recherche pour le Développement, Montpellier, France, 
2Research Foundation for Tropical Diseases and the Environment, Buea, 
Cameroon, 3MedinCell S.A., Jacou, France

Additional tools and strategies are needed to reach the objective of 
onchocerciasis elimination set at 2025, and the most urgent requirement 
is the availability of a safe macrofilaricidal drug. In this context, a pre-
clinical trial was conducted in Cameroon to evaluate the effects of an 
injectable long-acting (12 months) formulation of ivermectin on the 
microfilariae (mf) and adult stages of Onchocerca ochengi. Ten female 
Gudali zebu cattle (age: 3 years) naturally infected with the parasite were 
injected subcutaneously with either 500 mg ivermectin (group 1, N=4), 
1000 mg ivermectin (group 2, N=4) or the vehicle (group 3, N=2). Four 
subcutaneous nodules and a skin sample were collected from each animal 
at each time-point (before and 6 and 12 months after treatment). Before 
treatment, the average O. ochengi microfilaridermia was similar in the 
3 groups (471.6, 222.4 and 263.8 mf per gram of skin, respectively). Six 
months after treatment, all treated animals were free of skin mf whereas 
the two controls (vehicle group) still showed high mf densities (mean: 
319.3 mf/g). Twelve months post-dose, the same trend in the reduction 
of microfiladermia was observed, except for one treated animal which 
had one microfilaria in its skin sample. This animal had the highest mf 
density before treatment (1336.0 mf/g) and received the lower dose of 
ivermectin (500 mg). The two animals of the control group showed an 
average mf density of 850.4 mf/g. None of the animals showed any local 
or general adverse effect after injection and during the 12-month period. 
The viability and fecundity of adult worms will be assessed by histology 
and by embryograms and the plasma concentrations of ivermectin will be 
assessed by liquid chromatography-mass spectrometry. All these results 
will be presented at the meeting. Should the long-lasting effect observed 
on the mf densities be due to a macrofilaricidal effect, the new sustained-
release formulation of ivermectin might be an additional tool to accelerate 
the elimination of human onchocerciasis in specific settings.

1718
ANTI-WOLBACHIA (A-WOL) DRUG DISCOVERY: LIGAND 
BASED VIRTUAL SCREENING COMBINED WITH HTS

Neil Berry1, Paul O’Neill1, Jaclyn Bibby1, Steve Ward2, Mark Taylor2

1University of Liverpool, Liverpool, United Kingdom, 2Liverpool School of 
Tropical Medicine, Liverpool, United Kingdom

Filariasis inflicts serious health problems throughout tropical communities 
causing lymphatic filariasis (elephantiasis) and onchocerciasis (river 
blindness). These diseases infect 120 million people worldwide, ranking 
filariasis as one of the leading causes of global morbidity.1 Wolbachia 
is a bacteria that lives inside the cells of the filarial worms. As the filaria 
are dependent on Wolbachia bacteria survival, eliminating the bacteria 
with novel-antibiotic drugs would kill the filaria and deliver a new and 
practical solution for eradicating these debilitating diseases. Through 
targeting the Wolbachia bacteria, we aim to discover novel antibiotic 
anti-Wolbachia (A-WOL) therapy which will deliver safe macrofilaricidal 
activity with superior therapeutic outcomes compared with the current 
the current gold standard, doxycycline. Our present hit identification 
activities involves an iterative combination of HTS and ligand based virtual 
screening, with the results of each screen (active and inactive compounds) 
informing computational models which are utilised to select the next 
set of compounds for screening with the aim of improving both hit rate 
and diversity of the hits. We will present the background, methodology 
and successes of our approach in our iterative compound selection and 
screening approach. Through our approach we will show i) an increased 

hit rate, ii) expansion of SAR around hits, iii) discovery of novel hit 
chemotypes, iv) scaffold hopping, and v) probing new areas of chemical 
space. We will also present an analysis of the physicochemical properties 
of A-AWOL active compounds. 

1719
A FIELD COMPARISON BETWEEN TWO RAPID DIAGNOSTIC 
TESTS FOR DETECTING WUCHERERIA BANCROFTI ANTIGEN 
IN HUMAN WHOLE BLOOD

Yao-Chieh Cheng1, Delma Beaso2, Nelly Sanuku2, Lindy Marken2, 
James K. Suamani2, Samson Satofan2, Bart Lombore2, Peter M. 
Siba2, James W. Kazura1, Christopher L. King1

1Case Western Reserve University, Cleveland, OH, United States, 2Papua 
New Guinea Institute of Medical Research, Maprik, Papua New Guinea

Seventy-two countries are currently endemic for lymphatic filariasis. The 
Global Program to Eliminate Lymphatic Filariasis uses rapid filarial antigen 
testing to identify endemic areas where mass drug administration (MDA) is 
needed and to monitor these areas in post-MDA surveillance. Two filarial 
antigen tests are currently available: the Alere Filariasis Test Strip and the 
BinaxNOW Filariasis card test. Because of lower cost and greater stability, 
the test strip will likely replace the card test in a few years. In only one 
published study from Liberia, the strip test is about 20-30% more sensitive 
compared to the card test. Whether the test strip compares similarly to 
the card test in other filarial endemic areas has not been examined. We 
compared the two tests using 216 samples collected from Papua New 
Guinean communities. Capillary blood was collected by finger prick during 
the night. The test strips were run using 75 μL of blood at the point of 
collection. The card tests were run the following morning using 100 μL of 
blood collected in 500 µL, EDTA-coated BD Microtainer tubes. Both test 
strip and card test were accessed at 10 minutes after the application of 
their required amounts of blood. Seventy-one of 216 subjects (32.9%) 
were test strip positive compared to twenty-three of 216 (10.6%) that 
were card test positive. For the positive test strips, 18.3% had 1+ reactivity, 
36.6% had 2+ reactivity, and 45.1% had 3+ reactivity compared to 
95.7%, 4.3%, and 0% respectfully for the card tests. Only individuals 
with strong reactivity in the test strips showed reactivity in the card 
tests. Microfilarial counts show that card tests may have had decreased 
sensitivity as three of ten microfilarial positive blood smears had negative 
card test readings. Although further investigation is needed for the 
suspected decreased sensitivity of the card tests, these initial results show 
that the Alere Filariasis Test Strip has much greater sensitivity compared to 
the BinaxNOW Filariasis card test. These could have important implications 
for determining cut-off thresholds for when an area is considered filariasis 
free or for when transmission interruption has occur.

1720
A NOVEL APPROACH TO IMPROVE THE BIOAVAILABILITY OF 
FLUBENDAZOLE BY USING A SPRAY DRIED FORMULATION IN 
JIRDS, RATS AND DOGS

Sophie Lachau-Durand1, Marieke Voets2, Petros Psathas3, Peter 
Boeykens2

1Janssen Infectious Diseases, Beerse, Belgium, 2Janssen Research & 
Development, Division of Janssen Pharmaceutica N.V, Beerse, Belgium, 
3Janssen Research & Development, LLC, Raritan, NJ, United States

Flubendazole (FBZ) is an anthelmintic with low oral bioavailability in 
its currently marketed formulations indicated for the treatment of Soil 
Transmitted Helminths. In view of the potential development of FBZ for 
the treatment of filariasis (onchocerciasis and lymphatic filariasis), aiming 
at systemic exposure, a new formulation with increased bioavailability 
has been developed. This new formulation of amorphous solid dispersion 
of FBZ, is manufactured using a modified high temperature spray dried 
technology (HSDT). It was administered at 1, 5, 10, 20 and 40 mg/kg as a 
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single dose and at 5 and 20 mg/kg for 5 days in jirds, at 20 mg/kg in rats 
and 35 mg/kg in dogs. Flubendazole and its 2 metabolites (Hydrolyzed and 
Reduced FBZ) were measured in jird, rat and dog plasma and in jird tissues 
(liver, lymph nodes, spleen and skin). After oral administration in jirds, 
Cmax and AUC values increased less than dose proportionally, from 1 to 5 
mg/kg/day, and increased dose proportionally, from 5 to 40 mg/kg/day. 
After repeated administration, the exposure was similar at 5 mg/kg and 
was lower at 20 mg/kg/day compared to the equivalent single dose. The 
plasma concentrations of its 2 metabolites were lower compared to FBZ. In 
tissues, 0.5 h after administration, FBZ was largely distributed in the liver, 
evenly in spleen and lymph nodes and less in skin compared to FBZ plasma 
concentration. Same pattern was seen in all doses and after repeated 
administration. The distribution of its 2 metabolites was slightly different 
with much higher liver concentrations than for FBZ. In rats and dogs, after 
oral administration, exposure was drastically increased compared to the 
marketed formulation. The plasma exposure of its 2 metabolites ranged 
between 0.55 to 0.67 compared to the FBZ exposure in rats and between 
1.8 and 2.9 in dogs. In conclusion, the new FBZ formulation, using HSDT, 
improved drastically the bioavailability of FBZ after oral administration in 
jirds, rats and dogs. These encouraging data allowed to design efficacy 
studies in jirds with a broad range of FBZ doses and to start the toxicology 
program in rats and dogs.

1721
MODEL-BASED GEOSTATISTICAL MAPPING OF THE PRE-
CONTROL PREVALENCE OF ONCHOCERCA VOLVULUS IN 
WEST AFRICA

Simon O’Hanlon1, Hannah Slater1, Robert Cheke2, Boakye 
Boatin3, Luc Coffeng4, Sébastien Pion5, Michel Boussinesq5, Wilma 
Stolk4, María-Gloria Basáñez1

1Imperial College London, London, United Kingdom, 2University of 
Greenwich at Medway, Chatham, United Kingdom, 3University of 
Ghana, Accra, Ghana, 4Erasmus MC, Rotterdam, Netherlands, 5Institut 
de Recherche pour le Développement and University of Montpellier 1, 
Montpellier, France

The initial endemicity (pre-control prevalence) of onchocerciasis has been 
shown to be an important determinant of the feasibility of elimination by 
mass ivermectin distribution. We present the first geostatistical map of 
microfilarial prevalence in the former Onchocerciasis Control Programme in 
West Africa (OCP) before commencement of antivectorial and antiparasitic 
interventions. Pre-control microfilarial prevalence data from 737 villages 
across the 11 constituent countries in the OCP epidemiological database 
were used as ground-truth data. These 737 data points, plus a set of 
statistically selected environmental covariates, were used in a Bayesian 
model-based geostatistical (B-MBG) approach to generate a continuous 
surface (at pixel resolution of 5 km x 5km) of microfilarial prevalence in 
West Africa prior to the commencement of the OCP. Uncertainty in model 
predictions was measured using a suite of validation statistics, performed 
on bootstrap samples of held-out validation data. The mean Pearson’s 
correlation between observed and estimated prevalence at validation 
locations was 0.693; the mean prediction error (average difference 
between observed and estimated values) was 0.77%, and the mean 
absolute prediction error (average magnitude of difference between 
observed and estimated values) was 12.2%. Within OCP boundaries, 
17.8 million people were deemed to have been at risk, 7.55 million to 
have been infected, and mean microfilarial prevalence to have been 45% 
(range: 2-90%) in 1975. This is the first map of initial onchocerciasis 
prevalence in West Africa using B-MBG. Important environmental 
predictors of infection prevalence were identified and used in a model 
out-performing those without spatial random effects or environmental 
covariates. Results may be compared with recent epidemiological mapping 
efforts to find areas of persisting transmission. These methods may be 
extended to areas where data are sparse, and may be used to help inform 
the feasibility of elimination with current and novel tools.

1722
STRENGTHENING LOCAL HEALTH SYSTEMS TO ADDRESS 
LYMPHATIC FILARIASIS MORBIDITY IN A RESOURCE-LIMITED 
SETTING: A MORBIDITY MANAGEMENT PROJECT IN THE 
LINDI AND MTWARA REGIONS OF TANZANIA

Deogratias Damas1, Maria Chikawe2, R. Shaban3, Larry Akoko4, 
Ally Mwanga4, Sarah Craciunoiu5

1IMA World Health, Dar es Salaam, United Republic of Tanzania, 2Ministry 
of Health and Social Welfare, NTD Secretariat, Dar es Salaam, United 
Republic of Tanzania, 3Lindi Regional Hospital, Lindi Region, United 
Republic of Tanzania, 4Muhimbili National Hospital, Dar es Salaam, United 
Republic of Tanzania, 5IMA World Health, Washington, DC, United States

In Tanzania, lymphatic filariasis (LF) affects over 6 million people leading 
to a high burden of LF associated hydrocele: a fluid-filled enlargement of 
the tunica vaginalis sac around the testes. The economic, physical, and 
psychosocial impact of hydrocele is devastating not only for the individual, 
but also for the family and community. In the Lindi and Mtwara regions 
alone, hydrocele backlog was estimated at 8000 men awaiting hydrocele 
surgery in 2011. However, most patients did not access surgeries due to 
the following: 1) inability to pay as almost 90% of patients depend on 
out of pocket payment; 2) an inadequate number of skilled clinicians to 
perform surgeries; 3) limited medical supplies; and 4) patients’ fear of 
undergoing a non-emergency surgery under general anesthesia. To address 
these obstacles, the project focused on strengthening the local health 
system by pooling resources from stakeholders (donor, MOH, national 
referral hospital, regional/district hospitals, and communities) to allow for 
surgeries free of charge and to provide required supplies. Experienced 
surgeons mentored 40 local doctors and nurses on hydrocelectomy using 
sac partial excision technique under local anesthesia. Also, clinicians were 
provided a small incentive to conduct surgeries over weekends to avoid 
interfering with regular weekly duties. By strengthening the local health 
workforce, pooling resources, and increasing availability of supplies, over 
2000 patients accessed high quality, safe hydrocelectomy over 24 months; 
almost 6 times the annual average of hydrocelectomy surgeries performed 
regionally before the intervention. This intervention can be sustained 
through increased local capacity and ownership of the hydrocele surgery 
methodology within district level staff.

1723
NOVEL ANTHELMINTICS FROM FILAMENTOUS FUNGI ACTIVE 
AGAINST FILARIAL WORMS AND SOIL TRANSMITTED 
HELMINTHS

Jeffrey N. Clark1, Meagan Tillotson1, Jessica Carter1, Brenda K. 
Hansen1, Blaise Darveaux1, Sheila M. Mitchell1, Cedric J. Pearce1, 
Nicolas H. Oberlies2

1Mycosynthetix, Inc, Hillsborough, NC, United States, 2University of North 
Carolina Greensboro, Greensboro, NC, United States

Mycosynthetix, Inc. owns one of the world’s largest (55,000), diverse 
and unique collections of filamentous fungi which were sourced from a 
variety of ecosystems worldwide. We reported previously that a number 
of natural product compounds and a few fungus extracts active against 
many nematodes which cause serious neglected diseases in humans 
as well infections in animals. We continue to exploit the medicinal and 
pharmaceutical potential of this large library. The targets of the current 
work include Brugia malayi microfilaria (BmMF) representing filariasis, 
and Haemonchus contortus L1 stage larvae (HcL1) and Strongyloides 
stercoralis L3 stage larvae (SsL3) representing soil transmitted helminth 
(STH) infections. We screened 4,048 crude fungal extracts and 90 pure 
compounds against these three parasites in our 96-well plate based 
systems. Following fungus re-growth and confirmation of activity of 
original extract hits, 12 (BmMF), 16 (HcL1) and 9 (SsL3) fully active extract 
hits were identified. Many of these hits were produced by filamentous 
fungi not previously shown to produce anthelmintic metabolites, including 
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Polyporales spp. and others. De-replication procedures to identify the 
chemical structures of the active metabolites are ongoing, but data thus 
far indicates that many are novel compounds. Of the 90 pure compounds 
tested, 22 were fully active against HcL1, 63 were fully active against 
BmMF and 11 were fully active against SsL3. The most potent compounds 
were active to 12.5 µM vs HcL1, 0.39 µM against BmMF and 6.25 µM 
vs SsL3. One of the active pure compounds we identified was enniatin 
D which has been shown previously to be active against parasites, thus 
validating our natural product de-replication/screening paradigm. We 
will continue to evaluate extracts and pure compounds against these 
three targets over the next few months and will provide an update at the 
meeting. In conclusion, from our fungal collection we continue to find 
interesting, novel and potent compounds against nematode targets of 
importance.

1724
EFFECTS OF FLUBENDAZOLE ON FILARIAL NEMATODES: A 
TRANSCRIPTOMIC APPROACH

Maeghan O’Neill1, Cristina Ballesteros1, Lucienne Tritten1, Weam 
Zaky2, Erica Burkman3, Jianguo Xia1, Steven A. Williams2, Timothy 
G. Geary1

1McGill University, Ste Anne de Bellevue, QC, Canada, 2Smith College, 
Northampton, MA, United States, 3University of Georgia, Athens, GA, 
United States

The use of microfilaricial drugs for the control of onchocerciasis and 
lymphatic filariasis necessitates prolonged yearly dosing. Prospects for 
elimination or eradication of these diseases would be enhanced by 
availability of a macrofilaricidal drug. Flubendazole (FLBZ), a benzimidazole 
anthelmintic, is an appealing candidate macrofilaricide. FLBZ has 
demonstrated profound and potent macrofilaricidal effects in a number 
of experimental filarial rodent models and one human trial. Unfortunately, 
FLBZ was deemed unsatisfactory for use in mass drug administration 
(MDA) campaigns due to its markedly limited oral bioavailability. However, 
a new formulation that provided sufficient bioavailability following oral 
administration could render FLBZ an effective treatment for onchocerciasis 
and LF. Identification of drug derived effects is important in ascertaining 
a dosage range which is detrimental to the worm. Evaluation of 
drug-induced damage to tissues is challenging. In previous studies, 
histochemical analysis of morphological damage following exposure to 
FLBZ indicated that damage to tissues required for reproduction and 
survival can be achieved at pharmacologically relevant concentrations. 
However, histological damage is difficult to assess and there are individual 
differences in scoring of severity. The current study addressed this issue by 
taking a transcriptomic approach to confirm effects observed histologically 
and identify genes which were differentially expressed in FLBZ treated 
adult females worms (100 nM - 5 μM). Comparative analysis across 
treatment levels and time provided an overview of the processes which 
are affected by FLBZ exposure. The list of regulated genes correlates 
with reproductive effects observed via histology in previous studies. This 
study revealed transcriptional changes in genes involved in embryo and 
larval development, as well as cuticular synthesis. This data supports the 
indication that flubendazole acts predominantly on rapidly dividing cells, 
and provides a basis for selecting markers of drug-induced damage.

1725
DECLINING HIV RATES AT A VOLUNTARY COUNSELING AND 
TREATMENT CENTER IN ADDIS ABABA, ETHIOPIA 2009-2014

Demetri A. Blanas1, Chantal E. Ghanney1, Kim Nichols2

1Icahn School of Medicine at Mount Sinai, New York, NY, United States, 
2African Services Committee, New York, NY, United States

Voluntary counseling and testing (VCT) plays a key role in increasing 
access to HIV diagnosis and linkage to care. In Addis Ababa, Ethiopia’s 
capital, where the rate of HIV is estimated to be 5%, there has been little 
published in the peer-reviewed literature regarding HIV epidemiologic, and 

behavioral trends at VCT centers. This paper reports on findings from five 
years of data from a VCT and treatment center in Yeka neighborhood in 
Addis Ababa. A preliminary analysis of intake forms from 13,192 clients 
demonstrated an overall rate of positive HIV tests of 7.6% with a decrease 
from 9.8% in 2009 to 6% in 2014. Demographic variables significantly 
associated with a positive HIV test included female gender, pregnancy, 
increasing age, presenting as an individual for testing (as opposed to with 
a partner), marriage or widowhood, unemployment, and lower income 
groups. The majority of clients reported their primary reason for testing 
was to plan for the future. This study adds to the currently scant peer-
reviewed literature on VCT in Addis Ababa, suggests a trend of declining 
rates of HIV at the VCT center, and identifies demographic characteristics 
associated with higher HIV rates. If the proportion of people testing at VCT 
centers is truly declining in the area this center is located, this study may 
help target testing outreach efforts towards higher-risk populations.

1726
LEPROMATOUS LEPROSY AND HIV CO-INFECTION 
ASSOCIATED WITH PHENOMENON OF LUCIO VERSUS 
IMMUNE RECONSTITUTION INFLAMMATORY SYNDROME

Nora M. Cardona-Castro1, Hector A. Serrano-Coll1, Juan C. 
Beltran-Alzate1, Sonia M. Buitrago2

1Instituto Colombiano de Medicina Tropical - CES, Sabaneta, Antioquia, 
Colombia, 2Empresa Social del Estado Jose Cayetano Vásquez, Puerto 
Boyacá, Santander, Colombia

Diffuse lepromatous leprosy (DLL) is a severe clinical outcome of 
lepromatous leprosy. A new species, Mycobacterium lepromatosis, 
was identified from a group of Mexican patients with DLL, and severe 
leprosy reactional state type 3 (phenomenon of Lucio). Clinically, the 
immune hypersensitivity triggered by bacterial antigens is associated with 
constitutional symptoms, necrotizing vasculitis, sepsis, and in some cases 
death. In addition, the advent of HIV and routine use of highly effective 
antiretroviral therapy (HAART) in patients with Hansen’s disease, may relate 
to other events as immune reconstitution inflammatory syndrome (IRIS), 
which may occur in 40% of patients with HIV and HAART. In patients 
with HIV-leprosy, IRIS has been generally associated with inflammatory 
processes such leprosy-reactions type1, in contrast current clinical case 
shows a leprosy reaction type 3 or phenomenon of Lucio: Female, 37 
years old, on 07/13 consulted by one month of recurrent febrile episodes 
and multiple skin ulcers in lower limbs. On physical examination patient 
has signs as pinna edema, loss of the bilateral external third of eyebrows, 
chronic indurated lesions in abdomen, and pigmented scarring lesions 
in lower limbs. In addition, patient has skin ulcers with burning pain 
associated with local edema and serous-hematic and purulent discharge. 
Patient refers weight loss of 4 kg in 6 months. She relates that seven days 
ago her spouse died by AIDS. Laboratory exams confirm HIV infection and 
leprosy. Multidrug therapy (MDT-MB) initiated with dapsone + rifampicin 
+ clofazimine. HIV treatment abacavir/lamivudine plus lopinavir/ritonavir. 
After three weeks of treatment for HIV and leprosy, patient consulted with 
multiple skin blisters, with reticular pattern in upper limbs and proximal 
third of the lower limbs. Ulcer lesions in multiples sizes and different 
stages, dirty bottom, some of them necrotic with erythematous borders, 
numbness in legs and hands. DNA extracted from skin biopsy tested 
by Sanger sequencing technique ruling out the infection caused by M. 
lepromatosis. Results reported M. leprae European genotype 3-I as the 
cause of DLL.
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1727
PERINATAL HIV INFECTION AND HEALTH RELATED QUALITY 
OF LIFE IN SCHOOL AGED UGANDAN CHILDREN

Allan K. Nkwata1, Sarah K. Zalwango2, Florence N. Kizza1, Juliet 
N. Sekandi1, Robert Kakaire1, Robert Kakaire1, Noah Kiwanuka2, 
Christopher C. Whalen1, Amara E. Ezeamama1

1The University of Georgia, Athens, GA, United States, 2Makerere 
University College of Health Sciences, Kampala, Uganda

This study was undertaken to evaluate the impact of perinatal human 
immunodeficiency virus (HIV) infection on health-related quality of life 
(QOL) among 166 Ugandan children 6 -18 years old. We implemented 
a clinic-based retrospective cohort study among perinatally HIV infected 
and exposed children of HIV-positive women and HIV-negative perinatally 
unexposed children from Kampala, Uganda. Perinatal HIV infection was 
diagnosed by the end of breastfeeding via DNA PCR. Current negative HIV-
status was confirmed by HIV rapid-diagnostic test. Child QOL was assessed 
with self-report version of pediatric QOL inventory. Four QOL domains 
(physical, emotional, social and school functioning) each with scores 
ranging from 0 (least QOL) to 100 (highest QOL) were defined. Descriptive 
analyses estimated means, standard deviations (SD), numbers and 
percentages by perinatal HIV status. Multivariable linear regression models 
were used to estimate HIV-related differences (β) in QOL scores and 95% 
confidence intervals (CI). HIV-infected (n=56), exposed negative (n=56) and 
unexposed children (n=54) were enrolled. Mean age was 10.8 (SD 3.48) 
years and 77(45.8%) were females. QOL scores in the social functioning 
domain were similar by child HIV status (p=0.9385). However, perinatally 
HIV-infected children performed worse than HIV-exposed negative and 
HIV-unexposed children in the physical (p=0.0006), emotional (p=0.0253) 
and school (p<0.0001) functioning domains. Perinatally HIV infected 
children scored significantly lower on Global QOL compared to HIV-
exposed negative (β=-5.7, 95%CI: -10.7, -0.7) and HIV-unexposed (β=-
6.6, 95%CI: -11.6, -1.6) after adjusting for child’s age, sex, nutritional 
status, relationship to caregiver, and caregiver’s age and educational level. 
QOL scores were similar for HIV exposed negative and unexposed children. 
In conclusion, perinatal HIV-infection is a significant predictor of low QOL. 
Specific interventions to mitigate HIV related disadvantage in the physical, 
emotional and school functioning QOL domains may enhance functional 
survival in children living with HIV.

1728
HIV AND TROPICAL COFACTORS: LESSONS FROM THE STI-
TREATMENT TRIALS IN SUB-SAHARAN AFRICA

Larry Sawers1, Eileen Stillwaggon2

1American University, Washington, DC, United States, 2Gettysburg College, 
Gettysburg, PA, United States

Substantial evidence indicates that sexually transmitted infections (STIs) 
promote HIV transmission by producing genital ulcers, inflammation, and 
viral shedding. The burden of untreated STIs is far higher in sub-Saharan 
Africa (SSA) than in any other region. Ten randomized controlled trials in 
SSA examined the effect of STI control on HIV incidence. Only the first 
trial in Mwanza produced statistically significant results. Consequently, 
support for STI treatment for HIV prevention faded. The 9 post-Mwanza 
trials suffered from insufficient exposure contrast due to ethical 
considerations that required essential STI treatments for controls. The 
small differences in interventions in treatment and control arms led to 
small differences in STI outcomes between arms. Substantial treatments 
for controls also explain their reduced risky sexual behavior that in turn 
led to similar STIs outcomes between arms. The trials tested alternative 
treatments of bacterial or viral STIs but not both and were thus subject 
to confounding from STIs not considered in the trial design. None of the 
trials examined genital morbidity from infections other than STIs that 
could enhance HIV transmission or acquisition. Thus none of the trials 
addressed potential effect modification from biological interactions in 
the genital microbial community. None of the trials considered genital 

ulceration and inflammation from non-sexually transmitted pathogens, 
most importantly Schistosoma hematobium, which is highly prevalent in 
SSA. None considered ulcers infected with streptococci, staphylococci, or 
fungi, common in the region. Treating one genital infection may have little 
effect on HIV incidence when other infections are untreated. Flaws in the 
design of the post-Mwanza trials render them unsuitable to inform HIV-
prevention policy for treatment of cofactor infections. Given the evidence 
that STIs and other genital infections, including urogenital schistosomiasis, 
promote HIV transmission and acquisition, cofactor treatment should be 
considered an important method for reducing HIV incidence in SSA and 
elsewhere.

1729
CD31 EXPRESSION ON CD4+ CELLS: A POSSIBLE METHOD 
FOR QUANTITATION OF RECENT THYMUS EMIGRANT CD4 
CELLS IN RESOURCE-LIMITED REGIONS

Ramia Zakhour, Dat Tran, Guenet Degaffe, Cynthia Bell, 
Elizabeth Donnachie, Weihe Zhang, Norma Pérez, Laura 
Benjamins, Gabriela Del Bianco, Gilhen Rodriguez, James R. 
Murphy, Gloria P. Heresi
University of Texas Health Science Center, Houston, Houston, TX, United 
States

HIV infected individuals with combined antiretroviral therapy (cART) with 
long term viremia suppression may remain clinically stable or progressively 
deteriorate. For cART suppressed patients, conventional clinical status 
measurements such as CD4% or HIV viral load are poor predictors of long 
term clinical outcome. Measurements of recent thymus emigrant T-cells 
(RTE) have been shown to have predictive value. However, established 
methods for measurement of RTE (T-cell receptor excision circles or 
complex FACS) are difficult to deploy to regions where most HIV infections 
occur and where cART is becoming widely available. Literature review 
suggests that direct measurement of CD31 expression on CD4+ cells 
provides a simple measure of RTE CD4+ cells. To test this hypothesis, we 
reviewed records of 69 perinatally infected HIV+ [median (IQR) 13.0 (8.6) 
years, 54% female, 71% black] and 51 HIV- children [1.6 (5.6) years, 51% 
female, 63% black] attending UTHealth, Houston clinics between January 
2010 and September 2012 for whom CD4+CD31+ were measured. HIV 
disease was well controlled by cART [2.2 (1.5) log10 HIV RNA copies/ml, 
33% (12%) CD4+]. In HIV- and HIV+ groups CD4+CD31+% correlated 
negatively with age [Spearman’s ρ=-0.525, p<0.001 and ρ=-0.475 
(p<0.001), respectively] and values were slightly higher in females; 
expected patterns for RTE. And, CD4+CD31+% values fell within ranges 
of normal values established using conventional methodology. Our results 
show that direct measurement of CD4+CD31+ cells in peripheral blood 
gives results with numerical and biological characteristics consistent with 
those expected for CD4+ RTE. This technique can be easily performed in 
technical and budget limited settings. The capacity to measure RTE in the 
absence of sophisticated laboratory support should prove useful for both 
clinical management and research.

1730
EVALUATION OF THE OUTCOME OF CHILDREN ON 
ANTIRETROVIRAL THERAPY IN CAMEROON: A FOUR YEAR 
RETROSPECTIVE COHORT STUDY

Gabriel L. Ekali1, Gilbert Tene2, Joelle Sobngwi3
1National AIDS Control Committee and Biotechnology Center, Yaounde 
I University, Yaounde, Cameroon, 2Centers for Disease Control and 
Prevention, Yaounde, Cameroon, 3Catholic University of Central Africa, 
Yaounde, Cameroon

Although Antiretroviral Therapy (ART) has significantly improved the lives 
of those infected with Human Immunodeficiency Virus (HIV), access for 
children still remains low. The goal of our study was to assess 12 month 
outcome of HIV-infected children on ART in Cameroon. A retrospective 
cohort study was carried out in 25 treatment centers in 3 of 10 regions 
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(North West, South West and Center), harboring over 60% of pediatric 
patients nationwide. Children who initiated ART between January 2007 
and December 2010 were included. De-identified socio-demographic, 
clinical and biological were extracted from hospital records and analyzed 
using SPSS version 16. Survival was estimated by Kaplan Meier method. 
χ2 and Cox proportional hazards were used to determine predictors of 
mortality. P values < 0.05 were considered significant and ethical clearance 
was obtained from the Institutional Review Board of the School of Health 
Sciences, Catholic University of Central Africa. A total of 1,867 children 
<15 years were included in the study. 50.2% were females, mean age 
was 62.2 ± 4.8 months. Over 50% were <60 months old, 20.7% had 
one or both parents dead and 63.7% had severe clinical disease (WHO 
clinical stage III or IV) at ART initiation. Of the 7.1% (110/1558) who had 
tuberculosis (TB) at baseline, only 48.2% were on TB treatment. Over half 
(57.8%) were on Cotrimoxazole at baseline. Complete data for outcome 
analysis was available for 328/1867. After 12 months, 71.3% (234/328) 
were still alive and in care, 9.8% (32/328) were dead and 17.4% (57/328) 
were lost to follow up. Severe clinical disease (Chi2=104, p<0.001), age 
< 12 months (Chi2=16.4, p=0.001), presence of TB (Chi2=5.9, p=0.022) 
and hemoglobin level <8g/dL (Chi2=13, p=0.001) were all significantly 
associated to death. Predictors of mortality were severe clinical disease 
(aHR=16.6, p<0.001), TB presence (aHR=4.1, p=0.007) and age < 12 
months (aHR=5.6, p=0.009). Outcome of children on ART in Cameroon is 
poor. Improving retention in care, strengthening community engagement 
and building capacity of service providers are priorities if outcome needs to 
be improved.

1731
HIV, TUBERCULOSIS AND HIV/TB CO-INFECTION IN 
MACHALA, ECUADOR

Abigail G. Fessler1, Saurabh Mehta1, Efraín Beltrán-Ayala2, 
Anita L. Arichábala Wilches2, Anna M. Stewart-Ibarra3, Julia L. 
Finkelstein1

1Cornell University, Ithaca, NY, United States, 2Ministry of Health, Machala, 
Ecuador, 3SUNY Upstate Medical University, Syracuse, NY, United States

Tuberculosis (TB) is a leading cause of death among HIV-infected 
individuals worldwide. The incidence of HIV in Ecuador has increased 
considerably in the past 15 years, and Ecuador has one of the highest 
burdens of HIV/TB co-infection in the Americas. We examined the burden 
of HIV, tuberculosis, and HIV/TB co-infection in Machala, Ecuador, a 
coastal city in southern Ecuador near the Peruvian border. A total of 
398,919 records were analyzed from a citywide database of clinic visits 
in Machala, Ecuador in 2014. Binomial regression was used to examine 
the associations of HIV, tuberculosis, and HIV/TB co-infection with socio-
demographic factors. There were 321 HIV cases, 1,210 tuberculosis cases, 
and 60 HIV/TB co-infection cases in 2014. The burden of HIV (RR: 3.16, 
95% CI: 2.54-3.94, p<0.0001) and HIV/TB co-infection (RR: 4.91, 95% 
CI: 2.91-8.30, p<0.0001) was highest in adults aged 19 to 34 years, 
compared to all other age groups. In contrast, the risk of tuberculosis 
was highest among older adults (50-64y: RR: 3.27, 95% CI: 2.87-3.73, 
p<0.0001; ≥65y: RR: 2.21, 95% CI: 1.87-2.60, p<0.0001), compared to 
other age groups. Men had a greater risk of being infected with HIV (RR: 
3.10, 95% CI: 2.48-3.89, p<0.0001), tuberculosis (RR: 3.53, 95% CI: 
3.14-3.97, p<0.0001), and HIV/TB co-infection (RR: 8.70, 95% CI: 4.52-
16.73, p<0.0001), compared to women. The burden of tuberculosis was 
higher in HIV-infected men, compared to HIV-infected women (24.9% vs. 
8.9%; p<0.05). In summary, the burden of HIV, tuberculosis, and HIV/TB 
co-infection was relatively high in coastal Ecuador, with nearly one in five 
HIV-infected patients presenting with TB co-infection. Active surveillance 
efforts are needed to screen for HIV/TB co-infection and drug resistance in 
this setting.

1732
OLDER AND FORGOTTEN: MENOPAUSE SYMPTOM 
EXPERIENCE OF HIV POSITIVE AND NEGATIVE WOMEN IN 
IBADAN, NIGERIA

Olubukola Christianah Omobowale
University College Hospital, Ibadan, Nigeria

Globally,not only are people living longer with HIV/AIDS, but there is 
also a significant increase in older individuals becoming infected .As the 
human immunodeficiency virus (HIV) epidemic enters its third decade, 
a high percentage of women with HIV will also be entering menopause 
their lives extended by improvements in antiretroviral therapies.This study 
aims to determine and compare the menopause symptom experience 
and perceived health status among HIV positive and negative women. A 
comparative, hospital based study was conducted among HIV positive and 
negative menopausal women. Focus group discussions were conducted 
among menopausal women attending the ARV and General Outpatient 
clinics at the University College Hospital Ibadan, Nigeria with the use of a 
focus group discussion guide. Opinions of discussants on knowledge and 
experience of menopausal symptoms, perceptions about the menopause 
and the different coping strategies were explored. Six focus group 
discussions were conducted among women aged 40 and 60 years in each 
of the two groups.Data was analysed thematically. The majority of the 
discussants had adequate knowledge of menopausal symptoms with most 
of them reporting vasomotor symptoms and musculoskeletal symptoms. 
In both groups, perceptions about the menopause were generally positive 
as most of them opined that the menopause means freedom from sexual 
activity and child birth. Concurrent health conditions mentioned include: 
hypertension, osteoporosis, depression and reduced libido. Older women 
with HIV infection reported higher occurrences of these conditions. 
Coping strategies reported include belonging to a support group and 
seeking information from health care workers. In conclusion, menopause 
may induce many of the same metabolic changes that are being observed 
with HIV infection, and this may complicate the health and quality of life 
of aging women with HIV infection. There’s a need for the formulation of 
methods and interventions that will help these women in coping with the 
double burden of HIV infection and symptoms of menopause.

1733
LOW NUMBER OF NERVOUS SYSTEM INFECTIONS AMONG 
4012 ADMISSIONS IN SHELUI TANZANIA WITH STABLE/LOW 
PREVALENCE OF HIV

Gertruda Mikolasova1, Veronika Sladeckova2, Vladimir Krcmery3, 
Martin Duris2, Andrea Gughova2, Kristina Badanicova2, Zuzana 
Paukovova2, Lenka Michalikova4, Jaroslava Brnova4, Emilia 
Mihalska2, D. Jacko2, Juraj Benca1, Monika Jankechova2, T. Oelnik2

1St. Elizabeth University, Bratislava, Slovakia, 2St. Francis Dispensary, 
St. Elizabeth Tropic Programme, Shelui, United Republic of Tanzania, 
3Institution of Microbiology, Medical School, Commenius University, 
Bratislava, Slovakia, 4Trnava University, Faculty of Health Sciences and 
Social Work, Trnava, Slovakia

In sub-Saharan Africa, several countries did substantial progress in 
decreasing HIV prevalence, such as Coastof Kenya, Central Tanzania and 
North Uganda, when HIV prevalence dropped from 20-25% in 2000-2010 
to 5-10% in 2010-2015. The aim of this study has to asses prevalence/
occurrence of opportunistic HIV related in central and peripheral nervous 
system infections in post Highly active antiretroviral therapy (HAART), 
in area of central Tanzania with stable HIV transmission. Shelui region is 
located in central Tanzania between Arusha and Mwanza in a dry climate 
area in altitude of 1000 metres. HIV prevalence in 2013 was 4,3% and in 
2014 was 5,6%. A decade ago, according to the local statistic of Health 
Dispenzary in Shinquida (50km) in 2003 was 14,7%. We separated 
from the 4012 admissions from January 2013 to December 2014 all 
neuroinfections and double checked in monthly reports their occurence in 
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2013 - 2014. Within12 months, 4012 patients was treated on out patients 
basis, in Shelui St. Francis Dispenzary, and any 79 neuro-infections (less 
than 1%) were repeated (majority of them 24 (61%) was herpes zoster 
infection (HZV) with local manifestation along the peripheral only 5 (22%) 
were HIV positive. 15 cases have had severe malaria, with central nervous 
symptomatology (coma or serious neuropsychic event (seizures)). No one 
case of TBC neuritis, cryptoccocal meningitis or toxoplasma encephalitis 
were observed among HIV positive cases. In conclusion, in time of HAART 
and decreasing of HIV prevalence, only minimum number of central 
nervous opportunistic infections appeared and therefore prophylaxis of 
opportunistic neuroinfections is not indicated, as it has been considered in 
pre/or early HAART era.

1734
DEVELOPMENT AND EVALUATION OF THE NON-
INSTRUMENTED NUCLEIC ACID AMPLIFICATION (NINA) 
ELECTRICITY-FREE PLATFORM FOR ACUTE AND EARLY 
INFANT HIV-1 DETECTION IN LOW-RESOURCE SETTINGS

Robert Burton, Dylan Guelig, David H. McAdams, Steven 
Diesburg, Paul LaBarre
PATH, Seattle, WA, United States

In low-resource and resource compromised settings (LRS), limited access to 
centralized medical facilities presents a critical barrier to timely diagnosis 
and treatment, of infectious diseases. Inadequate diagnostic laboratory 
infrastructure results in inaccurate diagnoses, lost test results, delays to 
treatment, and loss to follow-up associated with specimen collection and 
transportation to centralized health centers and subsequent response. 
The most accurate molecular diagnostic tests with low limits of detection 
(LODs) and high clinical sensitivity and specificity are only available 
through laboratory-based testing and more recently through portable 
nucleic acid amplification tests (NAATs). To ensure accurate diagnostics are 
available to everyone, PATH has developed a non-instrumented nucleic 
acid amplification (NINA) device that enables disposable isothermal 
amplification by thermally coupling an exothermic chemical reaction to 
an engineered phase change material (PCM) in an easy-to-use, low-cost 
heater. This patented, electricity-free heating platform approach can be 
used to provide highly sensitive isothermal molecular diagnostics away 
from the traditional laboratory setting. The US Centers for Disease Control 
and Prevention (CDC) has developed a reverse transcription loop-mediated 
isothermal amplification (RT-LAMP) assay for HIV-1 that amplifies nucleic 
acid from a prepared whole-blood specimen. As nucleic acid amplification 
is the preferred method for acute HIV infection and early infant detection 
(EID), the introduction of this point-of-contact NAAT diagnostic will 
reduce the time to detection for HIV-1 infection by up to three weeks 
as compared to the currently used serology-based rapid diagnostic 
tests (RDTs). We present data on the design and manufacturing of 150 
miniaturized single-use disposable NINA heaters, the lyophilization and 
stabilization of RT-LAMP reagents, and a qualitative HIV-1 assay. These data 
demonstrate our current status toward the goal of an inexpensive, easy-to-
use molecular RDT for acute and early infant HIV infection detection.

1735
DEVELOPMENT AND DESIGN OF AN OBSERVATIONAL 
IMPACT EVALUATION OF IMMEDIATE ANTIRETROVIRAL 
THERAPY ON HIV INCIDENCE AMONG HIV-POSITIVE MEN 
WHO HAVE SEX WITH MEN IN SHANGHAI, CHINA

Joshua Mendelsohn1, Liviana Calzavara1, Hua Cheng2, Mona 
Loutfy3, Ann Burchell4, Laiyi Kang2, Canada-China Team
1University of Toronto, Toronto, ON, Canada, 2Shanghai Centers for 
Disease Control and Prevention, Shanghai, China, 3Women’s College 
Hospital, Toronto, ON, Canada, 4Ontario HIV Treatment Network, Toronto, 
ON, Canada

For people living with HIV and AIDS, antiretroviral therapy (ART) provides 
life-saving clinical benefits. Immediate ART initiation after HIV diagnosis 
has also been shown to be highly effective at reducing HIV transmission 
risk within heterosexual HIV-serodiscordant couples; however, equivalent 
evidence for men who have sex with men (MSM) has been limited to a 
few observational studies in high-income settings. Although immediate 
treatment after HIV diagnosis (i.e., treatment as prevention), regardless 
of CD4 count, is now considered best practice for key populations 
including MSM, the evidence in support of this policy in most real-world 
settings is inadequate. In China, where HIV incidence is increasing among 
the general population and especially among MSM, immediate ART 
following diagnosis is being considered by public health authorities as a 
possible strategy to reduce transmission. We have proposed a strategic 
international collaboration between the University of Toronto and the 
Shanghai Centers for Disease Control and Prevention (Shanghai CDC) 
to conduct a three-phase observational impact evaluation that will 
investigate: (1) background HIV care indicators (i.e., the cascade of HIV 
care including linkage to care, ART initiation, retention in care, adherence, 
and viral suppression) drawing on routinely collected surveillance data 
(n=9,284); (2) HIV care outcomes among HIV-positive MSM who select 
immediate ART (CD4>=500 cells/µL) or the current standard of care 
(CD4<500 cells/µL) (n=236); and (3) transmission risk among the HIV-
negative partners (n=360). Methods will include a retrospective study of 
the Shanghai CDC database and a prospective cohort study among HIV-
positive MSM and their HIV-negative partners. The present work outlines 
the scope of this international collaboration, elaborates upon key local and 
global research gaps, and presents the proposed study design, anticipated 
challenges, and limitations. This study is poised to make significant 
scientific contributions to the global evidence-base for HIV prevention and 
to strengthen HIV care outcomes in China and globally.

1736
ASSESSMENT OF VECTOR SURVEILLANCE CAPACITY IN THE 
US DEPARTMENT OF DEFENSE FOR EMERGING VECTOR-
BORNE DISEASE THREATS

Koya C. Allen, Jean-Paul Chretien, Amy Peterson, Rohit A. 
Chitale
Armed Forces Health Surveillance Center, Silver Spring, MD, United States

With the emergence of vector-borne diseases, such as chikungunya virus 
(CHIKV), it is necessary to assess the state of preparedness for the US 
Department of Defense (DoD) to detect and respond to vector-borne 
disease (VBD) threats. Assessments are required for vector surveillance 
activities and prevention strategies for DoD personnel in areas at risk. A 
risk assessment was needed to evaluate the threat of CHIKV to the US, 
measure DoD capabilities for rapid detection of cases, and capacity for 
vector surveillance. The evaluation identified gaps in current capabilities 
for responding to emerging vector-borne disease threats, and strategies 
for capacity-building to apply to current surveillance programs. The four-
tiered data collection and analysis strategy employed was 1) a review 
of DoD policy; 2) a workshop on strengthening DoD surveillance and 
detection for CHIKV and Dengue; 3) semi-structured interviews and 
observations; and, 4) a review of DoD vector surveillance programs. 
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Qualitative analyses of interview and field notes data included analytical 
coding and deductive reasoning to determine and translate themes for 
identifying gaps. The resultant themes were: 1) variation in capabilities; 
2) a demand for resources; and, 3) a need for communication and 
collaboration. Major gaps identified were in operational surveillance and 
organizational structure. Laboratory capabilities varied by region and 
service, which caused ‘Reactionary Surveillance’ instead of prevention. 
Moreover, military-civilian collaboration varied by need and program. 
The workshop resulted in six recommendations for preparedness; policy 
development, long-term research, improved risk assessments and improved 
collaboration. DoD vector surveillance capabilities for emerging threats are 
high; however, resources were lacking and efforts, often unstructured and 
disparate. Improved civilian-military collaboration can improve efficiency 
and effectiveness of national VBD preparedness by using an integrated 
approach to surveillance among biosurveillance partners.

1737
COMPARISON OF VIROLOGICAL OUTCOMES IN HIV 
INFECTED CHILDREN AND ADOLESCENTS ON COMBINATION 
ANTIRETROVIRAL THERAPY, WITH AND WITHOUT HISTORY 
OF TUBERCULOSIS DURING ELEVEN YEARS OF FOLLOW UP 
IN CAMBODIA

Andrea Shahum1, Joseph J. Eron1, Vladimir Krcmery2, William C. 
Miller1

1University of North Carolina, Chapel Hill, NC, United States, 2St. Elizabeth 
University College of Health and Social Science, Bratislava, Slovakia

The immunological interaction between human immunodeficiency virus 
(HIV) and Mycobacterium tuberculosis (MTB) is bi-directional, with MTB 
increasing HIV viral replication possibly by inducing T-cell activation. But 
the impact of MTB disease on long-term virological response to combined 
antiretroviral therapy (cART) in MTB/HIV co-infected children and 
adolescents is unknown. We retrospectively analyzed a longitudinal cohort 
of 107 Cambodian HIV positive children (vertically infected) on cART 
continuously enrolled into 2 pediatric programs between 2003 and 2014. 
Children resided in a unique living setting that ensured a high degree 
of medication adherence. Median follow-up was 86 months (11-134). 
Median age was 7.0 years (1-15) at entry and 7.5 years (1.4-15.6) at cART 
initiation. Most children (n=60, 53%) had CD4 count ≤ 15% at the time of 
enrollment. Based on symptoms and radiographic evidence, 47 (44%) of 
107 were diagnosed with active MTB infection. TB prevalence was 29.9%; 
the TB incidence rate was 61.5/100 children-years. From 47 co-infected 
children, 18 (38%) had virological failure of the first line (NNRTI-based) 
regimen, compared with 11 (18%) with no history of MTB (p=0.02). Total 
of 7 (21%) developed a recurrent episode of active MTB while on cART, 4 
with evidence of virological failure (p=0.41). In a Cox proportional hazards 
model, children with co-infection were more likely to experience virological 
failure, as compared to children without MTB (HR 2.2, [95% CI 1.1, 4.2], 
p=0.02). After adjusting for age and using a left-truncated analysis (180 
days post-cART), HR was 1.85, [95% CI 0.95, 3.8]. Active MTB infection, 
even if treated, appears to influence long-term virological outcomes of 
cART among HIV positive children and adolescents. The most apparent 
impact on virological outcomes was seen after 24 months of cART. High 
clinical recurrence of MTB among HIV positive children in both groups, 
with and without virological failure, suggests that standard MTB treatment 
was suboptimal at preventing recurrence or cART was unable to restore 
optimal MTB responsiveness.

1738
PEER LED DISCUSSIONS: A KEY ELEMENT OF CARE FOR 
YOUNG ADULTS WITH HIV

Raghuveer Puttagunta, Elizabeth Thoyakulathu, Sherri Bogard
Baylor College of Medicine, Houston, TX, United States

In the USA the incidence of HIV infection in young people (13 to 24 years 
old) continues to increase, accounting for 1 in 4 new infections. These 
newly infected young people are at a critical juncture in the management 
of their chronic disease while transitioning into adulthood. To support this 
population, we sponsored an environment for Houston’s young adults 
with HIV that supports personal capacity building through peer support 
and learnt coping mechanisms. A weekly advocacy and wellness group 
was established in May 2014. The typical meeting agenda encompassed 
dinner, social activities, peer-led discussion of personal challenges and 
a short didactic session. On a monthly basis, individual interviews and 
ongoing needs assessment were conducted. Over the past 30 group 
meetings, the attendance ranged from 1 to 5 participants, with an 
age range of 18 to 27 years old. The group consists of individuals from 
multiple ethnicities and different education levels, sexual orientations, and 
sero-concordant/discordant relationships. Of the participants, 66% have 
attended over 5 meetings. During the meetings clients speak about their 
health, and specifically how HIV has affected their lives. Topics discussed 
include medication adherence, disclosure, grief, substance abuse, and life 
skills such as interview techniques and budgeting. When some feel they 
have nowhere else to go, the group has provided an outlet for participants 
to share their dreams and goals while also unloading some emotional 
burden. The wellness group is an opportunity for individual young adults 
with HIV to engage peers outside the clinical setting, empowering them to 
overcome personal obstacles, achieve career goals, and be an active citizen 
of the community.

1739
NOVEL APPROACHES IN THE DIAGNOSIS OF CUTANEOUS 
LEISHMANIASIS

Henk Schallig1, Emily Adams2, Gerard Schoone1, Inge Versteeg1, 
Maria Gomez3, Ruby Rios3, Ricardo Marquez3, Alexandra Cossio3, 
Yasuyoshi Mori4, Nancy Saravia3, Audrey Albertini5
1Royal Tropical Institute, Amsterdam, Netherlands, 2Royal Tropical Institute 
and Liverpool School for Tropical Medicine, Amsterdam and Liverpool, 
Netherlands, 3Centro Internacional de Entrenamiento e Investigaciones 
Médicas, Cali, Colombia, 4Eiken Diagnostics, Tochigi, Japan, 5Foundation 
for Innovative New Diagnostics, Geneva, Switzerland

Current methods to diagnose leishmaniasis have limitations due to the 
fact that they lack sufficient sensitivity and/or specificity, are difficult 
to conduct and often require invasive sample methods. Furthermore, 
variation in clinical accuracy of molecular diagnostic methods for 
leishmaniasis is commonly observed depending on sample source, 
method of DNA recovery and molecular test and few attempts have been 
made to compare these variables. Our research collaboration is seeking 
new methods in sampling and molecular methods that ultimately can 
be employed near patient. Swab and aspirate samples from lesions of 
patients with suspected cutaneous leishmaniasis (CL) were evaluated 
alongside standard diagnosis by microscopy or culture of parasites from 
lesion material. Three DNA extraction methods were compared: Qiagen 
on swab and aspirate specimens, Isohelix on swabs, and boil/spin of 
lesion aspirates. Recovery of Leishmania DNA was evaluated for each 
sample type by real-time PCR (18S rDNA). Swab sampling combined 
with Qiagen DNA extraction was the most efficient recovery method for 
Leishmania DNA , and the most sensitive (97%; 95% CI:91%-100%) 
and specific (84%; 95% CI:64%-95%) approach. Swab sampling of 
lesions was painless, simple to perform and coupled with standardized 
DNA extraction enhances the feasibility of molecular diagnosis of CL. To 
allow for near patient molecular testing we have developed an isothermal 
Pan-Leishmania LAMP assay for diagnosis of CL, which was evaluated 
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in a prospective cohort trial of 105 clinical CL suspects in South-West 
Colombia. Swab samples were processed for DNA extraction using the 
Qiagen Blood and Tissue kit. Microscopy was performed on skin scrapings 
of ulcers, aspirate samples were cultured, LAMP and qPCR performed 
on extracted DNA. A composite gold standard comprising of microscopy 
AND/OR culture positivity was used to calculate the diagnostic accuracy 
of LAMP and qPCR. LAMP was 95% sensitive (95% CI: 87.22 % to 98.53 
%) and 86% specific(95% CI: 67.32 % to 95.88 %). This molecular test is 
more sensitive and specific than microscopy and culture alone.

1740
TOOLS FOR IMPROVED MANAGEMENT OF VISCERAL 
LEISHMANIASIS: CLINICAL EVALUATION OF THE RK28 RAPID 
DIAGNOSTIC TEST AND ASSESSMENT OF AN ANTIGEN-
DETECTION TEST OF CURE

Randall F. Howard1, Maowia Mukhtar2, Asim O. Abdoun2, 
Hashim Ghalib3, Marleen Boelaert4, Joris Menten4, Rosanna 
Peeling5, Raodoh Mohamath1, Malcolm S. Duthie1, Dinesh 
Mondal6, Asrat Hailu Mekuria7, Aarthy Vallur1, Steven G. Reed1

1IDRI, Seattle, WA, United States, 2IEND, Khartoum, Sudan, 3Universite 
de Lausanne, Epilanges, Switzerland, 4ITM, Antwerp, Belgium, 5London 
School of Hygiene & Tropical Medicine, London, United Kingdom, 
6International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, 
Bangladesh, 7Addis Ababa University, Addis Ababa, Ethiopia

 Prompt diagnosis and treatment of visceral leishmaniasis (VL) provide 
the best clinical outcome. The rK39 Rapid Diagnostic Test (RDT) has 
multiple advantages over invasive tissue biopsies and microscopy for the 
confirmation of clinical diagnosis, but low sensitivity (~80%) has been 
reported in Africa. We conducted a clinical study to validate our previous 
observation that an RDT based on the rK28 antigen can improve the 
confirmation of VL in Africa. VL was diagnosed in 206 enrolled Sudanese 
patients by Leishmania parasite detection in lymph node or bone marrow 
aspirates, while another 79 enrolled patients were negative and considered 
as controls. rK28 RDTs were conducted with both whole blood and 
sera, then evaluated by blinded interpretation. The rK28 RDT had a high 
specificity when developed with whole blood (WB; 100%) and serum 
(97.7%) and exhibited good sensitivity (WB, 92.5%; serum, 94.5%). 
Performance was favorable when compared with a Direct Agglutination 
Test performed on the same sera (92.9% specificity and 83.5% sensitivity). 
Two blinded readers scored a given WB or serum sample the same on the 
rK28 RDT 99.2% and 100% of the time, respectively. A reader scored one 
individual’s paired WB and serum RDT results the same (“reproducibility”) 
93.8% of the time. As a means to monitor parasite burden and response 
to drug treatment, we have also developed a test, the Leishmania 
Antigen DetectTM ELISA (LADE), to directly detect L. donovani antigens 
in VL patient urine. LADE had >90% sensitivity on VL urine from Sudan 
(N=64), Bangladesh (N=13), and Ethiopia (N=46) and 88% sensitivity 
on samples from Brazil (N=43). The test had 100% specificity (N=88). 
To confirm LADE’s utility in monitoring treatment, urine samples were 
collected from Ethiopian VL patients on a drug treatment plan. ELISA ODs 
were highest at time of diagnosis and decreased during treatment: A 
95% positivity by LADE at day 0 fell to 21% at day 30, and to zero by day 
180. Thus, LADE provides a non-invasive, semi-quantitative tool to detect 
parasite products during acute infection. Taken together, the rK28 RDT 
and LADE represent tools that can fill existing gaps in VL management.

1741
DEFINING DRUG MECHANISM OF ACTION: LEVERAGING 
PHENOTYPIC HITS AGAINST KINETOPLASTIDS

Sonia Moniz, Susan Wyllie, Richard Wall, David Gray, Paul Wyatt, 
Mark Field, David Horn, Alan Fairlamb, Ian Gilbert
University of Dundee, Dundee, United Kingdom

The development of new drugs for the treatment of kinetoplastid 
diseases remains a challenge, hampered by few validated drug targets 

and an insufficient understanding of basic kinetoplastid biology. These 
and other challenges have left drug discovery programs heavily reliant 
upon phenotypic screening of compound collections against parasites in 
culture. However, in the absence of understanding the mode of action 
(MoA) or the specific targets of phenotypically active compounds, chemical 
optimization to improve pharmacokinetics or avoid toxicity is difficult to 
achieve, leading to unacceptably high attrition rates. To address these 
issues, we have established a multiplex platform for the determination of 
MoA. Several hundred anti-kinetoplastid compounds have been identified 
through phenotypic screening of libraries, providing well-validated 
cell-active chemical matter encompassing a diverse range of chemical 
scaffolds. The diversity of the cell-actives suggests that multiple undefined 
MoAs are in play. Our MoA-platform incorporates a battery of chemical, 
biological and genetic tools, and the orthogonal basis of the platform 
provides particular strength in determination of the interactions between 
actives and the parasite. This should yield high value insights into MoA, 
mechanisms of drug resistance and molecular targets. The utility of this 
approach will be discussed in terms of developing compounds as potential 
therapies and as tools for the dissection of kinetoplastid biology.

1742
ESTIMATING THE COSTS OF IDENTIFYING HUMAN AFRICAN 
TRYPANOSOMIASIS CASES USING A NEW DIAGNOSTIC 
FRAMEWORK IN UGANDA

Paul R. Bessell1, Charles Wamboga2, Enock Matovu3, Robert 
Ssekubugu4, Sylvain Biéler5, Joseph M. Ndung’u5

1Epi Interventions Ltd., Edinburgh, United Kingdom, 2Ministry of Health, 
Kampala, Uganda, 3Makerere University, Kampala, Uganda, 4Rakai Health 
Sciences Program, Kalisizo, Uganda, 5FIND, Geneva, Switzerland

Human African trypanosomiasis (HAT) cases in Uganda that are caused 
by the gambiense subspecies of the protozoan parasite Trypanosoma 
brucei have been declining in recent years. To maintain this decline, HAT 
cases must be identified early in their infection, but prior to 2013 only four 
facilities were equipped with HAT screening tests. In 2013 a program was 
launched to strengthen the passive surveillance infrastructure, here we 
evaluate the cost-effectiveness of this program. The program equipped 
all 197 public healthcare facilities in the focus with new Rapid Diagnostic 
Tests (RDTs). To confirm presence of the pathogen, positives by RDT 
were referred to one of 12 facilities that were equipped with enhanced 
microscopy. For those not confirmed by microscopy, a blood sample stored 
on filter paper was transported by motorcycle to one of three facilities 
equipped with loop mediated isothermal amplification of DNA (LAMP) 
equipment. To estimate the costs of running the program and costs of 
identifying each case we use an epidemiological model of the surveillance 
system and incorporate costs in this model. Data on costs (incurred by 
the program and by those screened) and epidemiological parameters 
were collected during the program. By June 2014, 5,036 RDTs had been 
performed and had identified 7 cases from 200 positive RDTs. Facilities had 
been enrolled in the program gradually from August 2013 until February 
2014. We estimate that over one calendar year, an average 11,162 people 
would be screened, identifying 16 cases per year (at contemporaneous 
prevalence), at a total cost of 129,700 USD which is 8,360 USD per case 
identified or 658 USD per facility per year. We have demonstrated that 
large scale passive screening can be implemented in a cost-effective 
manner across an entire HAT focus. This model of easy access to screening 
through the nearest healthcare facility is a framework that can be used in 
other countries. Following a shrinkage in the HAT focus, this project was 
streamlined by reducing the extent of coverage of RDT facilities in July 
2014. These results are being updated accordingly and will be modelled to 
estimate costs as prevalence declines.



534

astmh.org

1743
COMPARISON OF THE PERFORMANCE OF THE SD BIOLINE 
HAT RAPID TEST AND CATT IN VARIOUS DIAGNOSTIC 
ALGORITHMS FOR GAMBIENSE HUMAN AFRICAN 
TRYPANOSOMIASIS

Crispin Lumbala1, Paul R. Bessell2, Pascal Lutumba3, Sylvain 
Baloji1, Sylvain Biéler4, Joseph Ndung’u4

1PNLTHA, Kinshasa, Democratic Republic of the Congo, 2Epi Interventions 
Ltd., Edinburgh, United Kingdom, 3University of Kinshasa, Kinshasa, 
Democratic Republic of the Congo, 4FIND, Geneva, Switzerland

Early diagnosis of human African trypanosomiasis (HAT) relies on screening 
large numbers of at-risk individuals. Screening for HAT has been carried 
out with the card agglutination test for trypanosomiasis (CATT), which 
is limited by its requirement for cold storage, electricity and its multi-test 
packaging format. Recently, Standard Diagnostics (SD)/Alere developed 
an individually formatted and thermostable rapid diagnostic test (RDT). 
Evaluation studies found that the SD BIOLINE HAT RDT prototype was less 
sensitive and specific than CATT. The prototype was optimized and we 
present a study to evaluate the performance of CATT and the optimized 
RDT in the Democratic Republic of the Congo. The study followed a 
clinical trial format. Participants were enrolled actively by four mobile 
teams, and passively at four healthcare facilities in three provinces. Each 
participant was tested with the RDT and CATT, participants positive by 
CATT were retested with CATT on 1:8 diluted plasma (CATT 1:8), and 
positives to CATT or RDT were tested by visual inspection for motile 
parasites in body fluids. Cases were those with visible parasites. Results 
were analysed in four algorithms - RDT and CATT as standalone tests 
and each test followed by CATT 1:8. During five months 131 cases and 
13,527 controls were enrolled. The sensitivity of the RDT was 92.0% (95% 
confidence intervals (CIs) = 86.1, 95.5), and was significantly higher than 
CATT, which was 69.1% (95% CIs = 60.7, 76.4). The sensitivity of all the 
algorithms decreased when followed by CATT 1:8, to 52.8% (95% CIs = 
44.1, 61.3) for the RDT and 59.2% (95% CIs = 50.4, 67.4) for CATT. The 
specificity of the RDT was 97.1% (95% CIs = 96.8 - 97.4), significantly 
lower than CATT which was 98.0% (95% CIs = 97.8, 98.2). Specificity was 
over 99.5% when a positive screening test was retested with CATT 1:8. 
Agreement between readers was very good. This study has demonstrated 
that an algorithm in which the SD BIOLINE HAT RDT is used for screening 
is optimal for case detection in both passive and active screening settings. 
However, its lower specificity will increase the burden on screening teams 
by generating more false positives.

1744
ARE WE NEARLY THERE YET? MODELLING SLEEPING 
SICKNESS ELIMINATION

Kat S. Rock1, Steve J. Torr2, Matt J. Keeling1

1University of Warwick, Coventry, United Kingdom, 2Liverpool School of 
Tropical Medicine, Liverpool, United Kingdom

The number of cases of Gambian human African trypanosomiasis (HAT) 
has declined in recent years, however it has previously remained unclear 
if elimination of the disease as a public health problem can and will be 
achieved by 2020. Despite being targeted by the WHO in the London 
2012 declaration, no detailed quantitative assessment of the impact of 
existing and proposed control strategies had been carried out in relation 
to this aim. Here, mathematical modelling techniques are utilised to 
address the feasibility the WHO goals, in particular focusing on answering 
this question for two high-endemic health zones in the DRC. Traditional 
assumptions such as considering Gambian HAT to be solely anthroponotic 
and supposing that tsetse cannot ever acquire infection after their first 
blood-meal are challenged by fitting the model to human incidence data 
from the DRC. Using a framework which incorporates the multiple disease 
stages as well as current screening, diagnostics and treatment practices, 
this predictive model uses our current understanding of the biological 

processes to determine the likely incidence of HAT by 2020. Formerly these 
health zones have relied on detection and treatment of cases to reduce 
disease burden, however introducing vector control may be necessary 
to reach and sustain elimination of HAT. The impact of active screening 
campaigns as a control strategy is analysed by investigating the effect 
of screening frequency and proportion of the population screened upon 
disease prevalence. Likewise the benefit of vector control as an additional 
strategy is assessed. Due to the highly heterogeneous nature of disease 
and control strategies in different geographic foci it is key to use robust 
models in conjunction with high quality regional data to ensure resources 
are effectively used to achieve elimination.

1745
DISSEMINATED LEISHMANIASIS: AN EMERGING, SEVERE 
AND DIFFICULT TO TREAT DISEASE IN BRAZIL

Paulo R. Machado, Maria das Graças Brito, Luiz H. Guimarães, 
Albert Schriefer, Edgar M. Carvalho
Federal University of Bahia, Salvador, Brazil

Disseminated leishmaniasis (DL) has been characterized by multiple 
and pleomorphic cutaneous lesions, including papules, nodules and 
ulcerations, distributed in more than two noncontiguous parts of the 
body. Besides the great number of cutaneous lesions ranging from ten 
to hundreds, the severity of the disease is revealed by the presence of 
systemic symptoms like fever and chills during the dissemination phase, 
as well as nasal mucosal involvement in up to 44% of the cases. We have 
documented an increased frequency in the number of DL caused by L. 
braziliensis in the endemic area of Corte de Pedra, Bahia, Brazil. DL was 
a rare disease, responsible for 0.2% of all cutaneous leishmaniasis (CL) 
cases identified from 1978 to 1984. DL accounted for 1.9% and 3.9% 
of cases of CL from 1992 to 1998 and from 2004-2008 respectively, 
indicating that it has become an emerging form of leishmaniasis. Although 
the reasons for the development of DL have not been established, it 
involves a complex and poorly understood network involving L. braziliensis 
polymorphism, host immune response, and the environment. We 
have evaluated the peripheral and in situ production of cytokines and 
chemokines in DL, where a decrease in the type 1 immune response in the 
peripheral blood appears to be caused by the attraction of Leishmania-
activated T cells to the multiple cutaneous lesions where few parasites may 
be found. Interestingly, DL patients were HIV negative and without other 
systemic immunosuppression. DL is a hard to treat disease and the majority 
of DL patients need more than three courses of meglumine antimoniate, 
or the use of 1.5 to 2 gr of amphotericin B deoxycholate for 45 to 60 days 
to cure. We have treated twenty DL patients with liposomal amphotericin 
B with a total dosage ranging from 22 to 35 mg/kg administered in 7 to 
14 days and found 65% of cure rate, compared with 28% of cure rate 
using 30 days of meglumine antimoniate in its highest dosage of 20mg/
kg/day. Our data show that DL in Brazil is an emerging and severe form 
of CL that represents a therapeutic challenge with an important socio-
economic impact. 

1746
DEVELOPMENT OF A HIGH SENSITIVITY LATERAL FLOW 
ASSAY FOR DETECTION OF TRYPANOSOMA CRUZI 
INFECTION IN LOW COMPLEXITY TESTING ENVIRONMENTS

Alejandro Castellanos1, Omar A. Saldarriaga1, Hayley Sparks1, 
Gustavo A. Vallejo2, Nisha Garg1, Peter C. Melby1, Bruno L. Travi1
1University of Texas Medical Branch, Galveston, TX, United States, 
2Universidad del Tolima, Ibagué, Colombia

Chagas disease, despite global control efforts, still is a major health 
challenge in several countries of Latin America, with an estimated 8-10 
million of acute or chronically infected people. Control programs have 
decreased vector-transmitted Chagas disease yet blood transfusion, 
organ transplant and principally congenital disease which accounts for 
>14,000 cases annually, are of major concern. Serology is frequently 
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difficult to interpret and of little value for congenital infections. 
Parasitological methods used to detect Trypanosoma cruzi infections 
have suboptimal sensitivity (microscopy, culture, and xenodiagnosis) or 
require infrastructure, equipment and trained personnel unattainable 
in endemic areas. PCR has shown to be more sensitive than other 
parasitological methods or serology to detect early infections. This is a 
critical aspect of Chagas management since early treatment is associated 
with greater therapeutic efficacy. We developed an innovative point of 
care molecular test to diagnose Trypanosoma cruzi infection that does 
not require expensive equipment and the results are read in < 1 hour. 
We used the kinetoplast DNA minicircle as target for designing primers 
and probes. Trypanosoma DNA was extracted with the Qiagen® kit and 
parasite detection was achieved using isothermal Recombinase Polymerase 
Amplification coupled with Lateral Flow (RPA-LF) assay for visual analysis 
of the amplification product. The test sensitivity was similar to real time 
PCR (reference test), detecting 0.1 T. cruzi per reaction. Preliminary results 
using a small number of T. cruzi (n= 10) and T. rangeli (n= 5) strains 
showed that the RPA-LF detected both parasite species. However, T. 
rangeli could be distinguished from T. cruzi when the RPA products were 
run in a 1% agarose gel, giving 300 bp or 190 bp band sizes, respectively. 
This could be relevant in regions where both parasite species are being 
transmitted. The RPA-LF test could be a practical tool to manage Chagas 
disease in endemic areas with resource-limited health infrastructure.

1747
NON-INVASIVE FUNCTIONAL CARDIAC MONITORING IN 
A MOUSE MODEL OF CHAGASIC CARDIOMYOPATHY TO 
EVALUATE A NEW THERAPEUTIC VACCINE

Meagan A. Barry, Jonathan L. Respress, Kathryn M. Jones, Qian 
Wang, Maria Elena Bottazzi, Michael J. Heffernan, Peter J. Hotez
Baylor College of Medicine, Houston, TX, United States

New estimates from the World Health Organization indicate that 1.17 
million people suffer from chagasic cardiomyopathy in Latin America. 
Initially, cardiac dysfunction is characterized by conduction disorders, 
which can then progresses to cardiomyopathy and even sudden cardiac 
death. We have utilized state-of-the-art non-invasive functional cardiac 
monitoring offered by a core facility at Baylor College of Medicine as 
an innovative approach to evaluate new therapeutics in a mouse model 
of chagasic cardiomyopathy. Current pharmacological treatments are 
plagued by significant side effects and poor efficacy. There is an urgent 
need for new treatment modalities. A therapeutic vaccine has potential 
advantages that include reduced adverse effects, cost savings, and the 
potential to be used as a replacement for current therapies or when paired 
with chemotherapy. Our laboratory has previously shown promising cell-
mediated protective immunity and therapeutic efficacy of a nanoparticle 
vaccine in an acute mouse model of Chagas disease. In order to test 
new treatment modalities in a model that mimics key aspects of human 
disease, we have optimized a mouse model of chagasic cardiomyopathy. 
When female ICR mice (Taconic Biosciences, Inc) are infected with 500 
trypomastigotes of a H1 strain originally isolated from a patient in Yucatán, 
Mexico, 70% of the mice survive through the acute phase of the disease 
and enter into the chronic stage. Of these mice, 22% have evidence of 
ECG abnormalities in the early chronic stage of disease including altered 
basal heart rates, ectopic activity, and conduction blocks. As these mice 
progress further into chronic infection 17% show severe conduction 
blocks by echocardiography. Currently, we are evaluating our therapeutic 
vaccine in this mouse model of chagasic cardiomyopathy. This work 
optimizes a mouse model of chagasic heart disease, and utilizes non-
invasive functional cardiac monitoring as a novel translational technique to 
evaluate new therapeutic vaccines against Chagas disease.

1748
PHARMACOKINETICS AND PHARMACODYNAMICS OF 
MILTEFOSINE IN CHILDREN AND ADULTS WITH CUTANEOUS 
LEISHMANIASIS CAUSED BY LEISHMANIA VIANNIA

Maria Adelaida Gomez1, Maria del Mar Castro1, Anke Kip2, 
Alexandra Cossio1, Adriana Navas1, Eduardo Ortiz1, Thomas C. 
Dorlo2, Nancy G. Saravia1

1CIDEIM, Cali, Colombia, 2Utrecht University, Utrecht, Netherlands

A population pharmacokinetics phase IV clinical trial was conducted to 
comparatively analyze the pharmacokinetics and pharmacodynamics 
of miltefosine in children and adults. The protocol was approved and 
monitored by the institutional ethical committee. Sixty patients presenting 
with cutaneous leishmaniasis, 30 children of 2 to 12 years of age, and 
30 adults of 18 to 60 years of age, participated this study. Plasma and 
intracellular drug concentrations were measured by mass spectrometry 
in samples obtained during treatment and six months following initiation 
of treatment, at which time therapeutic outcome was defined. Fifty-two 
patients cured, failure occurred in 5 children, and 3 patients were lost to 
follow-up. Plasma and intracellular miltefosine concentrations were overall, 
lower in children compared to adults. Exposure to miltefosine, estimated 
by the area under the curve and Cmax, was significantly lower in children 
(p<0.01). Molecular evidence of Leishmania persistence was obtained 
in 43% and 28% of the study participants respectively, at the end of 
treatment and 90 days after beginning of treatment. The dynamics of in 
vivo parasite clearance were not predictive of the outcome of treatment. 
Significant and strong inverse correlations between end of treatment 
(EoT) parasite loads and intracellular EoT and Cmax concentrations were 
established. Leishmania strains were isolated from 76.6% of patients. 
Strains were isolated from 3 of 5 patients who failed treatment, of which 
two presented low in vitro susceptibility to miltefosine, potentially 
contributing to treatment failure. Our results revealed fundamental 
pharmacokinetic differences for miltefosine in children and adults, which 
evidently influence the outcome of treatment. The results include the first 
intracellular pharmacokinetic profiles of an antileishmanial drug in adult 
and pediatric patients and their relevance in the therapeutic efficacy of 
drugs against intracellular parasites. These findings provide the knowledge 
base for optimizing the therapeutic regimen in the pediatric population, 
while reducing the risk of loss of drug susceptibility.

1749
ANTIPARASITIC POTENTIAL OF EXTRACELLULAR 
METABOLITES FROM MARINE ACTINOMYCETES AGAINST 
LEISHMANIA (VIANNIA) PERUVIANA AND L. (V.) 
BRAZILIENSIS

Nadia R. Galindo-Cabello1, Nyshon Rojas-Palomino2, Gloria 
Minaya-Gómez2, Jorge León-Quispe1

1Universidad Nacional Mayor de San Marcos, Lima, Peru, 2Instituto 
Nacional de Salud, Lima, Peru

Actinomycetes are recognized as producers of pharmacological and 
industrial compunds. In the last decades, the discovery of new metabolites 
isolated from the terrestrial actinomycetes has decreased and the 
researches have focused on searching unexplored habitats, like the marine 
environment. The vast majority of compounds produced by actinomycetes 
are antimicrobial and few have antiparasitic activity. This study aims at 
determining the antiparasitic potential of actinomycetal extracellular 
metabolites isolated from marine actinomycetes against Leishmania 
(Viannia) peruviana and L. (V.) braziliensis. In order to carry out this 
study, a preliminary evaluation of antiparasitic activity in vitro with 
13A1, EIIIA, EIIB and EIIIC strains against promastigotes of two species 
of Leishmania has been made; the results of this test showed that EIIB 
strain had the higher inhibitory activity. The EIIB strain was identified as a 
member of the genus Streptomyces using rRNA method. The minimum 
concentration of butanolic extract of actinomycete EIIB who filed the 
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anti-Leishmania activity was 15 000 μg/mL for L. (Viannia) peruviana 
and L. (V.) braziliensis. The preliminary chemical characterization of the 
extract confirmed the presence of coumarins. In conclusion, the results 
demonstrated the production of metabolites from marine actinomycetes 
with antiparasitic activity, which have a great potential in the biomedical 
and pharmacological field.

1750
EFFECT OF THE ADDITION OF PENTOXIFYLLINE ON THE 
THERAPEUTIC AND INFLAMMATORY RESPONSE IN PATIENTS 
WITH CUTANEOUS LEISHMANIASIS: A RANDOMIZED 
PLACEBO CONTROLLED TRIAL

Alexandra Cossio-Duque, Maria del Mar Castro, Adriana Navas, 
Liliana Valderrama, Lyda Cuervo-Pardo, Ricardo Marquez, Sandra 
J. Jojoa, Ruth M. Castillo, Maria A. Gómez, Nancy Gore Saravia
Centro Internacional de Entrenamiento e Investigaciones Médicas, Cali, 
Colombia

The inflammatory response is an important factor in the therapeutic 
response of cutaneous leishmaniasis (CL). Co-adjuvant use of 
immunomodulators may improve the efficacy or outcome of treatment. 
This study sought to determine whether the addition of pentoxifylline 
(PTX) to meglumine antimonite (MA) treatment improves therapeutic 
response in CL patients and to determine the effect of PTX on the 
inflammatory response. A randomized, double-blind, “Add on” placebo-
controlled trial was conducted in 2 centers in Colombia. The protocol was 
approved and monitored by the institutional ethical committee. Seventy-
five parasitologically diagnosed patients were randomly allocated by 
computer. Inclusion criteria: age 18-65 years, lesion >1 month evolution, 
multiple lesions or single lesion ≥ 3 cm. Intervention: intramuscular MA 
(20 mg/ kg /day x 20 days) plus oral PTX 400 mg thrice daily (n=36). 
Control: MA plus placebo (n=37). Expression of inflammatory genes 
cxcl10,cxcl5,ccl2, IL1b, ptgs2 and csf1 was evaluated by qRT-PCR in 
peripheral blood mononuclear cells from CL patients, before and after 
antimonial treatment, in combination with either PTX (n=12) or placebo 
(n=12). Therapeutic response and adverse events were assessed at the 
end of treatment 5, 7, 13 and 26 weeks. Seventy participants (93%) were 
analyzed by intention to treat (ITT) and forty-eight (64%) per protocol 
(PP). Treatment failure was 12/34 (35.3%) for PTX vs. 9/36 25% placebo; 
(OR: 1.63; 95% CI: 0.58 - 4.5). PP failure rate was 6/20 (30%) for PTX and 
5/28 (17.8%) for placebo (OR: 1.97; 95% CI: 0.50 - 7.68). No differences 
between overall frequency and severity of adverse events were found 
(PTX=142 vs. placebo=140). Expression of inflammatory mediators at the 
end of treatment was not altered by addition of PTX to MA. However, 
therapeutic failure was associated with significant overexpression of IL1β 
and Ptgs2 (p<0.05) irrespective of the study group. Addition of PTX to 
standard treatment of CL did not modify the therapeutic response in this 
population with early mild to moderate CL, or alter the gene expression of 
the evaluated inflammatory mediators.

1751
ANTIBODY DEVELOPMENT FOR TRYPANOSOMA CRUZI 
ANTIGEN DETECTION

Edith Malaga1, Noelia Angulo1, Sofia Astupina1, Remo Gonza1, 
Edgar A. Florentini1, Ines Cabello2, Alessandra Romero-Ramirez1, 
Rosina Camargo2, Manuela Verastegui1, Maritza Calderon1, Caryn 
Bern3, Robert H. Gilman4, Holger Mayta1

1Universidad Peruana Cayetano Heredia, Lima, Peru, 2Universidad Nacional 
Mayor de San Marcos, Lima, Peru, 3University of California, San Francisco, 
Lima, Peru, 4Johns Hopkins University School of Medicine, Lima, Peru

Chagas disease is an infection caused by the protozoan parasite 
Trypanosoma cruzi. According to World Health Organization, between 8 
to 10 million people in the world are infected. Currently, routine diagnosis 
is based on antibody detection but antibodies remain detectable even 
after a successful therapy and eradication of parasites. Confirmation of 

the presence of T. cruzi by detecting circulating antigens presents an 
undeniable advantage and an indication of an active infection. The present 
study was intended to produce polyclonal antibodies that could be further 
used for T. cruzi antigen detection. Three two-year old female alpacas 
(Vicugna pacos) were immunized with three different Trypanosoma 
cruzi antigens: TESA-antigen, somatic proteins and membrane proteins. 
Each animal was immunized with 300 ug of each antigen by subcutaneous 
route, employing Freud complete and incomplete adjuvant (50:50). 
Blood samples were taken before and after immunization. Sera obtained 
after centrifugation were stored at -20 ºC until use. Presence of specific 
antibodies was followed by Western-Blot using antigen obtained from 
T. cruzi Y strain. The antibodies showed a specific reaction against their 
respective antigen. The highest antibody titer was observed after the three 
immunization. When human urine spiked with parasite TESA antigen 
was tested against these whole alpaca sera, antibodies from alpacas 
immunized with membrane proteins performed the best. Additionally, 
this polyclonal antibody did not react with other human urine proteins. 
Antibodies induced in alpaca would represent an alternative diagnostic 
tool for the detection of parasite antigens in urine.

1752
USE OF IGY EGG YOLK ANTIBODIES FOR THE DETECTION OF 
TRYPANOSOMA CRUZI ANTIGENS

Alessandra Romero-Ramirez1, Edith Malaga1, Edgar A. 
Florentini1, Ines Cabello2, Rosina Camargo2, Fernando Recuenco2, 
Maritza Calderon1, Manuela Verastegui1, Caryn Bern3, Robert H. 
Gilman4, Holger Mayta1

1Universidad Peruana Cayetano Heredia, Lima, Peru, 2Universidad Nacional 
Mayor de San Marcos, Lima, Peru, 3University of California, San Francisco, 
Lima, Peru, 4Johns Hopkins University School of Medicine, Lima, Peru

Chagas disease, an infection caused by Trypanosoma cruzi, remains 
one of the most important health problem especially in Latin America. 
Diagnosis of the disease is based on antibody detection; for a correct 
diagnosis the World Health Organization recommends that at least two of 
the so-called conventional test (indirect hemagglutination (IHA), indirect 
immunofluorescence (IIF) and the ELISA immunoenzymatic test) should 
be performed. However antibody detection is not always an indicative of 
current or active infection. Detection of T. cruzi circulating antigens in 
body fluids might be an important diagnostic tool. Circulating antigens 
are present only if parasites are present. The objective of the present 
study was to develop IgY (egg yolk antibodies) against different parasite 
fractions, the developed antibodies will be further tested as a tool for 
antigen detection in infected individuals. Eight New Hampshire strain 
hens were subcutaneously immunized every 14 days for two months 
with three different T. cruzi antigens: 1F8 (commercial flagellar antigen), 
TESA, and membrane proteins. Eggs were collected before and after each 
immunization. The IgY was extracted using chloroform or polyethylene 
glycol techniques. IgY yield was compared by protein concentration 
using Bradford. Presence of anti-T. cruzi IgY was corroborated by indirect 
immunofluorescence using cultured T. cruzi Y strain epimastigotes. The 
chloroform showed to be the more efficient than the polyethylene glycol 
for purification of IgY from egg yolk. IgY antibodies show to be specific 
for their respective antigens as showed by immunofluorescence. Further 
studies will be oriented to determine if those antigens are useful for 
antigen detection in body fluids of infected individuals.
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NADPH-OXIDASE AN ESSENTIAL ENZYME FOR THE 
EXPANSION AND ACTIVATION OF CD8+ T CELLS DURING 
TRYPANOSOMA CRUZI INFECTION

Monisha Dhiman1, Nisha Jain Garg2

1Central University of Punjab, Bathinda, Bathinda, Punjab, India, 2University 
of Texas Medical Branch, Galveston, TX, United States

We investigated the significance of NADPH oxidase in the development 
of protective immunity to an intracellular pathogen Trypanosoma cruzi 
that causes Chagas disease. C57BL/6 p47phox-/- mice, as compared 
to wild-type (wt) mice succumbed within 30 days post-infection (pi) to 
low doses of T. cruzi and exhibited inability to control tissue parasites. 
P47phox-/- bone-marrow and splenic monocytes were not compromised 
in maturation, phagocytosis and parasite uptake capacity. The deficiency 
of NOX2-mediated oxidative burst was compensated by higher levels of 
iNOS/NO. activity and inflammatory cytokine (TNF-α, IFN-γ, IL-1β) release 
by p47phox-/- macrophages as compared to wt controls infected by T. 
cruzi. The splenic activation of Th1 CD4+T cells and tissue infiltration 
of immune cells in T.cruzi-infected p47phox-/- mice was comparable or 
higher than that noted in infected/wt mice. However, generation and 
activation of type 1 CD8+T cells was severely compromised in p47phox-/- 
mice. In comparison, wt mice exhibited a robust T. cruzi-specific CD8+T 
cell response with type 1 (IFN-γ+TNF-α>IL-4+IL-10), cytolytic effector 
(CD8+CD107a+IFN-γ+) phenotype. Macrophage activation of NOX2 
and oxidative burst is suggested to kill T. cruzi that causes Chagas 
disease. However, the role of NOX2 in generation of protective immunity 
and whether these mechanisms are deregulated in the event of NOX2 
deficiency are not known, and examined in this study. NOX2/ROS activity 
in macrophages signals the development of antigen-specific CD8+T cell 
response. In the event of NOX2 deficiency, a severely compromised CD8+T 
cell response was generated leading to increased parasite burden, tissue 
pathogenesis and mortality.

1754
SURVIVORSHIP OF TRYPANOSOMA CRUZI-INFECTED BED 
BUGS (CIMEX LECTULARIUS)

Renzo S. Salazar Sanchez1, Ricardo Castillo Neyra2, Casey 
Bartow McKenney2, Katty Borrini Mayorí1, Carlos Condori Pino1, 
César Náquira1, Michael Z. Levy2

1Universidad Peruana Cayetano Heredia, Arequipa, Peru, 2Center for 
Clinical Epidemiology and Biostatistics, University of Pennsylvania School of 
Medicine, Philadelphia, PA, United States

The resurgence of the common bedbug (Cimex lectularius) has created 
a difficult public health problem around the world. Recently, we showed 
the vectorial competence of C. lectularius into laboratory conditions, 
proving that the common bedbug can transmit Trypanosoma cruzi to 
mice and can get infected when fed on T. cruzi-carrying mice. T. cruzi is 
the causative agent of Chagas disease, a vector-borne disease transmitted 
by triatomine bugs and an increasing problem in many countries of 
the Americas. Specialized literature has reported that the infection 
with T. cruzi in triatomines, their natural vector, affects negatively their 
development, survival and reproductive index. Being the vector survival 
an important component of vectorial capacity, we studied the effect of 
the T. cruzi infection on C. lectularius survival. A cohort study of 280 
T. cruzi-infected bedbugs and 240 uninfected bedbugs was carried 
out in Arequipa – Peru, in the Zoonotic Disease Research Group lab. 
To get infected first instar bedbugs were fed on 4 female BALB/c mice 
(Mus musculus) previously infected by intraperitoneal inoculation with 
2 x 103 trypomasgotes (T. cruzi Arequipa strain TC35) in 100 ul. We 
fed them weekly for a month on mice and after that they were fed on 
uninfected guinea pigs until death. The same conditions were applied to 
the uninfected bedbug’s cohorts. We evaluated weekly vector survival, 
nymphal development, fecundity and fertility and T. cruzi presence in the 
infected cohorts. The statistical results showed no difference in survivorship 

between the infected and uninfected bedbugs. Fecundity and fertility 
indexes were moderately higher in the infected cohort. The prevalence of 
the infection at time of death was 95% (N=274). These results suggest 
that T. cruzi infection does not affect negatively either the survival rate, 
or the fecundity and fertility indexes in bedbugs. The implications of these 
findings on the vectorial capacity of C. lectularius and its possible role as 
a vector of Chagas disease are discussed.

1755
A BAYESIAN MODEL FOR IDENTIFYING AND PREDICTING 
THE DYNAMICS OF URBAN INSECT INFESTATIONS

Erica MW Billig1, Jason A. Roy1, Michelle E. Ross1, Drew J. 
Dolgert2, Michael Z. Levy1

1University of Pennsylvania, Philadelphia, PA, United States, 2Cornell 
University, Ithaca, NY, United States

Analyses of epidemics are complicated by several factors, including the 
fact that the true dispersal mechanism of disease agents and the precise 
infection times of patients are often unobserved. Instead, we often 
observe the infection state of each unit at discrete time intervals. For 
example, consider a recent study of the Chagas disease vector Triatoma 
infestans in Arequipa, Peru. The data are limited to observed insect 
presence at each household at three time points over several years. In 
addition, we observe the number of insects at each household, although 
with measurement error. To address these challenges, we propose a novel 
susceptible-infected-detected-removed model that incorporates the counts 
of vectors at each house and complex spatial dispersal dynamics observed 
in Arequipa. The fully Bayesian method is used to augment the data, 
estimate the dispersal parameters, and determine posterior infestation 
risk probabilities of households for future treatment. We investigate the 
properties of the model with simulation studies and analyze the Chagas 
disease vector data to create an informed control strategy.

1756
BED BUGS AS VECTORS OF TRYPANOSOMA CRUZI

Michael Z. Levy1, Renzo Salazar2, Ricardo Castillo-Neyra2, Aaron 
Tustin3, Katty Borrini-Mayori2, Sherrie Xie1, Cesar Naquira2

1University of Pennsylvania, School of Medicine, Philadelphia, PA, United 
States, 2Universidad Peruana Cayetano Heredia, Sede Arequipa, Arequipa, 
Peru, 3Johns Hopkins, Baltimore, MD, United States

Through a series of experiments we show that bed bugs (Cimex 
lectularius) can acquire Trypanosoma cruzi by feeding on infected mice, 
transmit it back to susceptible animals during cohabitation (in which the 
mice ate them) and by the usual route (through their feces). Whether 
bed bugs are, or will become, epidemiologically important vectors of the 
parasite remains unclear. To address the issue we develop a modified Ross-
MacDonald model of vector-borne T. cruzi transmission and apply it to 
both a traditional vector, Triatoma infestans, and Cimex lectularius. In 
relation to some key parameters of the model, such as the ratio of vectors 
to hosts and the biting rate of the vector, bed bugs are more worrying 
than T. infestans. We consider the death rate of the vector, and run 
experiments to assess whether T. cruzi might increase mortality among 
bed bugs or triatomines. It does not. We consider the range of hosts 
and feeding preferences of each insect. We show that triatomines can 
only support sustained T. cruzi transmission when exposed to a rather 
complex host community; we discuss whether such conditions exist in 
houses, hotels, and other environments affected by bed bugs in the US 
and abroad.
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1757
A CASE: CONTROL STUDY OF POSSIBLE RISK FACTORS FOR 
CUTANEOUS LEISHMANIASIS IN SOUTHERN SRI LANKA

Udeshika L. Kariyawasam1, Yamuna D. Siriwardana1, Chathura 
S. Edirisuriya2, Upul Senerath1, Nadira D. Karunaweera1

1Faculty of Medicine, University of Colombo, Colombo, Sri Lanka, 
2Epidemiology Unit, Ministry of Health, Colombo, Sri Lanka

Leishmaniasis is a tropical disease that has not been given due priority, in 
spite of its importance as a parasitic disease associated with high morbidity 
and mortality. Cutaneous leishmaniasis (CL) in Sri Lanka is caused by L. 
donovani. Transmission patterns were different in Southern and Northern 
Sri Lanka according to previous studies indicating the need for large scale 
studies. Therefore, current study examined the prevalence and risk factors 
of CL in Matara District, Southern Sri Lanka. Total of 2260 individuals from 
4 District Secretariat divisions (DSDs) were screened by house to house 
survey using an interviewer administered questionnaire. Patients with skin 
lesions were investigated by light microscopy/culture/PCR. Prevalence was 
calculated and a case control study was conducted to identify risk factors. 
The study population had an age ranged between 1-90yrs (median=43 
±17.31), low monthly income (<20, 000 LKR, 52.8%) and male to 
female ratio of 1:2(males 31.7%, females 68.3%).Out of 80 clinically 
suggestive cases only 38 was laboratory confirmed. District prevalence 
was 0.03%. Over 50% of the patients were identified from the DS of 
Dickwella (55.3%), while lowest number of cases was from Devinuwara 
(2.6%). Case clustering nature was observed as significant in GIS map 
(Nearest neighbor ratio 0.46, p=0.000). The risk factors identified were 
un-plastered brick walls (P<0.05, OR 41.4), abysmal usage of mosquito 
repellents (p<0.05, OR 10.3), low income (p<0.05, OR 33.4), excessive 
time (>4 hrs/day) spent outdoors (p<0.05, OR 22.5) and unawareness 
of leishmaniasis (p<0.05, OR 10.76). Improper clothing while outdoors, 
common water source as the mode of water supply and having animal 
shelters in their gardens within 200m were not associated with the risk 
of acquiring the disease. Both peri-domestic and outdoor factors seem 
to be associated with leishmaniasis transmission in the study area. Spatial 
clustering of cases was observed. This may be due to the behavior of 
host coinciding with that of the vector, sand fly. Awareness regarding 
the disease and appropriate control measures are urgently required to 
minimize further spread.

1758
QUEUEING ANALYSIS OF A CHAGAS DISEASE CONTROL 
CAMPAIGN

Maria T. Rieders, Michael Levy, Karthik Sethuraman, Chagas 
Disease Working Group in Arequipa, Peru
University of Pennsylvania, Philadelphia, PA, United States

 This work investigates the economic impact of public health intervention 
in an ongoing Chagas disease control campaign in Arequipa, Peru. A 
critical component of preventing and studying the spread of disease 
are door-to-door campaigns of public health inspectors, followed by 
insecticide application by exterminators to eradicate the vector infestation 
of households. The success of the campaign depends on adequate 
household participation as well as on the success of identifying infested 
households. We apply queueing theory to evaluate the rate of treatment 
and associated costs over time. In our queueing model, a household that 
is infested enters the queue of houses that will require treatment. Unlike 
conventional queueing systems, however, the customers (houses) joining 
the queue are invisible and need to be identified before being scheduled 
for treatment. An infested house becomes visible either via notification by 
its inhabitants or through a successful search by a team of public health 
inspectors. A multi-armed bandit procedure is being applied to optimize 
the search for invisible (infested) houses, based on available GIS data and 
findings in previous campaigns. We assume that houses in the queue 
will continue to spread the disease to noninfected houses at a rate that 
is a function of the time spent in queue. Households are being removed 

from the queue after successful identification and subsequent treatment 
with insecticides. Using stochastic queueing models, we project the rate 
at which household infestations can be successfully eliminated, allowing 
us to evaluate the cost of eliminating infestation in a neighborhood as a 
function of participation rates in blanket residual insecticide campaigns 
and the efficacy of subsequent community-based surveillance programs.    

1759
TRYPANOSOMA CRUZI IN PATIENTS WITH ESOPHAGEAL 
ACHALASIA IN A NON-ENDEMIC AREA OF COLOMBIA

Santiago Panesso-Gomez1, Iván E. Rodríguez-Mantilla1, 
Paola Lasso2, Paula Pavia2, Alejandro Orozco3, Adriana Cuellar4, 
Concepción J. Puerta2, Belén E. Mendoza de Molano5, John M. 
González1

1Grupo de Ciencias Básicas Médicas, School of Medicine, Universidad de 
los Andes, Bogota, Colombia, 2Laboratorio de Parasitología Molecular, 
School of Sciences, Pontificia Universidad Javeriana, Bogota, Colombia, 
3Investigación y Desarrollo Sistemas Clínicos, Bogota, Colombia, 4Grupo 
de Inmunobiología y Biología Celular, School of Sciences, Pontificia 
Universidad Javeriana, Bogota, Colombia, 5Gastroenterology Section, 
Hospital Universitario Fundación Santa Fe de Bogotá, Bogota, Colombia

Esophageal achalasia is a motility disorder of the esophagus, which can 
be secundary to chronic Trypanosoma cruzi infection. Few studies have 
been conducted in Latin America regarding the prevalence of esophageal 
achalasia as a manifestation of Chagas Disease and none in Colombia. 
The main purpose of this ongoing project is to determine the prevalence 
of anti-T.cruzi antibodies in patients diagnosed with esophageal 
achalasia and to detect the parasite by polymerase chain reaction (PCR) in 
individuals found to be seropositive who attended to the Gastroenterology 
section in a referral hospital in Bogotá, Colombia; a non-endemic area. 
This cross-sectional study was carried out in adult patients (18-65 years) 
diagnosed with impaired esophageal motility. Blood samples were taken to 
assess antibodies against T. cruzi by IFAT and presence of T. cruzi’s DNA 
by conventional PCR and qPCR. In total 30 patients have been evaluated 
with an average age of 47 (± 15.8 SD) years, including 14 men and 16 
women; 75% of volunteers live in Bogotá, yet only half of them were 
born there. Most denied to having lived in rural housing and currently 
all reside in urban areas. Near 90% referred no family history of Chagas 
disease and 70% had never undergone blood transfusion. Four out of the 
30 patients were positive for anti-T. cruzi by IFAT (current seroprevalence 
is 13.3%), and, only one of these patients had parasite DNA detected by 
conventional PCR and detection by qPCR was positive, but below DNA 
equivalent to 1x10³ parasites. The parasite genotype was identified as TcI. 
This is the first study that associates esophageal achalasia and T. cruzi in 
Colombia. ELISA test will be carried out to confirm the antibodies results.

1760
MAPPING OF HUMAN AFRICAN TRYPANOSOMIASIS RISK IN 
DRC AND MODELING OF POTENTIAL PATHS TO ELIMINATION

Alexander M. Upfill-Brown1, Caitlin A. Bever1, Matthew Steele2, 
Noelle Huskins2, Jacquie Makabuza3, Pascal Lutumba4, Philip A. 
Eckhoff1, Crispin Lumbala3

1Institute for Disease Modeling, Bellevue, WA, United States, 2Bill & 
Melinda Gates Foundation, Seattle, WA, United States, 3Programme 
National de Lutte Contre la THA, Kinshasa, Democratic Republic of the 
Congo, 4University of Kinshasa, Kinshasa, Democratic Republic of the 
Congo

While surveillance suggests Human African Trypanosomiasis (HAT) 
incidence has decreased markedly over the past 15 years_from 26,318 
recorded cases in 1998 to 5,983 cases in 2012_transmission remains 
widespread in the Democratic Republic of the Congo (DRC), which 
accounted for 84% of HAT cases globally in 2012. New tools - rapid 
diagnostic tests (RDT), low-cost vector control, and the oral drug 
fexinidazole - will hopefully make control of HAT far more effective 
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and enable diagnostic and treatment coverage of a much greater 
population. In preparation for renewed discussions on elimination, the 
geographic distribution of HAT risk and associated uncertainties must 
be well understood. We develop a spatial statistical model using both 
active and passive surveillance data for Trypanosoma brucei gambiense 
collected between 2000 and 2014 in DRC to assess the distribution of 
risk and identify important risk factors. Key uncertainties include how to 
appropriately address areas with limited records of functional surveillance 
and the impact of human migration patterns. By fitting the model only 
to areas reporting cases, we estimate that a substantial number of HAT 
infections may go undetected in remote areas. Preliminary mechanistic 
modeling suggests elimination will only be feasible in areas with high 
quality active and passive surveillance. The number of visits required 
by the active surveillance mobile teams to clear the parasite from the 
local population depends on the sensitivity of the RDT used and, as 
interventions reduce prevalence even further, overtreatment considerations 
will have to be weighed. Preventing patient drop-out (patients who fail to 
receive their confirmatory diagnosis or to complete treatment) will also be 
highly important; in that regard, newly implemented mobile technologies 
for data collection should enable better tracking of HAT patients through 
encounters with the healthcare system.

1761
EVALUATION OF INSECTICIDE-BASED CONTROL FOR 
CHAGAS DISEASE VECTORS IN SOUTHERN ECUADOR 
HIGHLIGHTS THE NEED TO FIND NEW STRATEGIES FOR 
LONG-TERM RISK REDUCTION OF TRYPANOSOMA CRUZI 
TRANSMISSION

Mario J. Grijalva1, Anita G. Villacis2, Sofia1 Ocaña-Mayorga2, 
Cesar A. Yumiseva2, Ana L. Moncayo2, Claudia Nieto-Sanchez3, 
Darwin Guerrero2, Esteban G. Baus2

1Tropical Disease Institute, Heritage College of Osteopathic Medicine, 
Ohio University, Athens, OH, United States, 2Center for Infectious Disease 
Research, School of Biological Sciences, Pontifical Catholic University of 
Ecuador, Quito, Ecuador, 3Ohio University, Athens, OH, United States

Prevention of Chagas disease depends mainly on control of the triatomine 
insects that transmit infection. Developing an optimal spraying strategy 
requires a detailed knowledge of the vector dynamics as well as the 
effect of the application of this strategy in the field. A prospective study 
to assess the long-term impact of spraying was conducted between 
2008 and 2012 in three rural communities in Loja province, southern 
Ecuador. Entomological searches to detect the infestation of houses with 
triatomines and its natural infection with trypanosomes was conducted 
after the application of two different intervention strategies: 1) selective 
insecticide spraying (2008 and 2010) and 2) community-wide insecticide 
spraying (2011). Out of 53 houses searched at baseline (2008), 22 (41.5%) 
were infested with the vector species Rhodnius ecuadoriensis and 
Panstrongylus chinai. The overall entomological data showed a density 
of 12.4; crowding of 29.8 and colonization index 68.2%. Houses infested 
at baseline were less likely to be infested after the first round of selective 
insecticide spraying (POR 0.38, CI 95% 0.17-0.89). However, an increased 
risk was observed after two rounds of selective spraying (2011) (POR 1.40, 
95% CI 0.61-3.21). Although the association as not statistically significant, 
our data showed that one round of community-wide intervention strategy 
had a protective effect on the probability of infestation (POR 0.55, CI 
95% 0.25-1.25). Persistent infestations were detected in >20% of houses 
after both interventions. Lower infection rates with Trypanosoma cruzi 
were found at the baseline visit in domicile and peridomicile, 27.3% and 
6.3%, respectively. However, these rates dramatically increased during 
following visits, especially in the peridomicile that reached > 80% in 2011 
and 2012. Full coverage spraying seems to be more effective than selective 
spraying; however both methods failed to confer long-term protection. 
These results remark the need to implement long-term control strategies, 
such as housing improvement and frequent monitoring of domestic and 
peridomestic environments.

1762
MOLECULAR CHARACTERIZATION OF AVIAN INFLUENZA A/
H9N2 ISOLATED FROM HUMAN RESPIRATORY SPECIMEN IN 
EGYPT

Mayar M. Said1, Maha Talaat1, Ehab Ayoub1, Mustafa Abdel 
Aziz1, Manar Mahmoud1, Manal labib2, Samya Omaer2, Amel 
Naguib2, Samir El Rifay2, Emad Mohareb1, Amr Kandeel2
1U.S. Naval Medical Research Unit - 3, Cairo, Egypt, 2Ministry of Health 
and Population, Cairo, Egypt

Since the mid-1990s, two lineages of Low Pathogenic A/H9N2 influenza 
A viruses have circulated in domestic poultry in China and South East 
Asia. A/H9N2 (G1-like) lineage has circulated in Egypt since 2011. To 
date, few human cases had been reported in China and SE Asia and no 
human infections have been reported in the Middle East. In this report 
we characterize the A/H9N2 virus isolated from a nasopharyngeal and 
oropharyngeal swabs combined in 2ml viral transport medium VTM, from 
human case with severe acute respiratory infection (SARI), who has been 
enrolled in sentinel SARI surveillance in Egypt. The total nucleic acid (TNA) 
extracted from VTM tested positive for the matrix (M) gene of influenza A 
by reverse transcriptase RT-PCR, but negative for the commonly circulating 
subtypes in Egypt; seasonal H3 and H1, PdmH1 and avian H5 as well as to 
other viral etiologies. TNA was further tested for H7 and H9 by RT-PCR and 
was found positive for H9. MDCK cell monolayers in culture tubes were 
inoculated with 100µl of the combined swab-VTM and monitored for CPE 
every 24hrs. On day two CPE was observed indicating viral replication. 
TNA was used for the sequencing of the haemagglutinin (HA) while viral 
RNA extracted from the cell culture lysate was used to sequence the 
neuramidase (NA) gene by Sanger technique. HA and NA gene sequencing 
demonstrated a virus with 97% and 98% similarity, respectively, to those 
of the H9N2 G1-like lineage, the predominant lineage circulating in the 
Middle East. Phylogenetic analysis showed close homology to previous 
A/H9N2 viruses from Egyptian poultry and those from neighboring 
Middle-East countries. Co-circulation of A/H5N1 and A/H9N2 has been 
documented in Egyptian poultry since 2011. Given the risk to human 
population from zoonotic influenza, in addition to the specter of antigenic 
shift in co-infected hosts, intensified control measures within the poultry 
production sector and increased bird and human surveillance is warranted.

1763
AN OPERATIONAL EVALUATION OF A SOCIOECONOMIC 
INTERVENTION TO PREVENT TB IN IMPOVERISHED 
PERUVIAN COMMUNITIES

Tom Wingfield1, Marco Tovar2, Delia Boccia3, Rosario Montoya4, 
Eric Ramos5, Doug Huff6, James Lewis3, Carlton A. Evans7

1Universidad Peruana Cayetano Heredia, Lima, Peru and Imperial College, 
Lima, Peru, 2Universidad Peruana Cayetano Heredia and Innovación 
Por la Salud Y Desarrollo, Lima, Peru, 3London School of Hygiene & 
Tropical Medicine, London, United Kingdom, 4Innovación Por la Salud Y 
el Desarrollo, Lima, Peru, 5Universidad Peruana Cayetano Heredia, Lima, 
Peru, 6School of Public Health, Tulane University, New Orleans, LA, United 
States, 7Universidad Peruana Cayetano Heredia, Lima, Peru and Imperial 
College, London, United Kingdom

The World Health Organisation’s post-2015 global TB strategy identifies 
social protection interventions (including cash transfers) as key pillars 
of global TB control but minimal rigorous evidence exists with which to 
guide their implementation. We designed, implemented, and refined 
a novel TB-specific social protection intervention that included cash 
transfers, which aimed to support TB prevention and cure in resource-
constrained shantytowns in Lima, Peru. The design of the study was an 
household-randomized controlled: newly-diagnosed TB patients from 32 
impoverished shantytowns of north Lima were eligible to be randomized 
(1:1) to receive the social protection intervention consisting of economic 
support and social activities. Economic support was provided to patient 
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households completing conditional cash transfers: screening for TB in 
household contacts and MDR-TB in patients; adhering to TB treatment and 
chemoprophylaxis; and engaging with CRESIPT social activities (household 
visits and community meetings). Throughout treatment, CRESIPT research 
nurses applied a questionnaire concerning health, socioeconomic position, 
and direct (out-of-pocket), indirect (lost income), and total TB-related 
costs. 282 patients were recruited to the study. Lost income contributed 
half of households’ total costs. The burden of total costs was greater in 
poorer than less poor households (3.5 versus 2 months of that household’s 
income respectively, p=0.0007). The 135 patients randomized to the 
supported arm of the intervention achieved 890 conditional cash transfers 
(80% of potential cash transfers), with an average total of 520 Peruvian 
Soles (173 US Dollars) received per household. The conditional cash 
transfers offset 22% of total costs and 43% of direct costs. Conditional 
cash transfers offset total costs to a greater extent in poorer households 
(23% versus 20%) and female patients (26% versus 20%, p=0.02). 
A novel TB-specific social protection intervention has been designed, 
implemented, refined, and was found to be both acceptable and equitable 
in a challenging, impoverished setting.

1764
COMBINATORIAL APPROACH TO PATHOGEN DETECTION IN 
RESPIRATORY SAMPLES OF UNKNOWN ETIOLOGY

Mariana Leguia1, Maria Silva1, Jane Rios1, Cristhopher Cruz1, 
Michael Wiley2, Carla Prieto2, Gustavo Palacios2, Matthew R. 
Kasper3, Daniel G. Bausch1
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Emerging pathogens are a continuous threat to public health around 
the world. Respiratory pathogens in particular, such as those causing 
influenza-like illnesses and severe acute respiratory infections, are easily 
transmissible person-to-person and primarily affect children, the elderly, 
and confined populations, such as those in prisons or military bases. 
The U.S. Naval Medical Research Unit No. 6, Lima, Peru, conducts 
routine surveillance for respiratory pathogens throughout Latin America. 
About 60% of the 5,000 respiratory samples collected annually remain 
without an identified etiological agent, either because known pathogens 
are present at sub-threshold levels that render them undetectable to 
traditional PCR-based diagnostics or because pathogens are novel 
or divergent enough that they cannot be detected using existing 
methodologies. We used a combination of both classical (cell culture) and 
advanced laboratory methodologies (MassTag PCR and next-generation 
sequencing) to screen over 600 samples that showed cytopathic effect on 
cell culture but for which no pathogen could be identified. Initial screening 
using a highly multiplexed MassTag PCR-based approach identified 
potential etiologies in 41% of the samples tested, including enterovirus 
(39%); human parainfluenza virus 1 (2%), 2 (32%), 3 (2%) and 4 (1%); 
human metapneumovirus (10%); respiratory syncytial virus A (5%) and B 
(4%); coronavirus OC43 (3%) and 229E (1%); and influenza A virus (1%). 
We then conducted unbiased next-generation sequencing on selected 
samples and identified additional etiologies, including viruses that had 
never before been detected in Latin America, such as Saffold virus. Here, 
we describe our integrated approach to pathogen detection and report 
our complete findings for over 600 samples collected since 2011. This new 
combinatorial approach to pathogen detection enables rapid identification 
of known and novel pathogens present in respiratory samples in a modern 
and cost effective manner that should facilitate global respiratory disease 
surveillance efforts.

1765
COMPARISON OF THE AKONNI BIOSYSTEMS MDR-TB 
MICROARRAY TEST TO THE HAIN LIFESCIENCE GENOTYPE 
MTBDRPLUS FOR RESISTANCE TO RIFAMPIN AND ISONIAZID 
IN KAZAKH M. TUBERCULOSIS ISOLATES

Yuriy Skiba1, Elina Maltseva1, Lyazzat Musralina1, Gulnara 
Ismagulova1, Ketan Patel2, Cynthia Zimmerman3, Jolanta S. 
Jacobs4, Paul D. Stamper5
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Early case detection and rapid treatment reduce Mycobacterium 
tuberculosis (MTB) transmission. MTB is considered multidrug-resistant 
TB (MDR-TB) when resistant to rifampin and isoniazid, and a test which 
simultaneously diagnoses MTB and multi-drug resistance (MDR) is urgently 
needed. The Akonni Biosystems MDR-TB microarray test (Akonni MDR-
TB) (Frederick, MD USA) specifically reports on the presence of rpoB (30 
mutations), and katG (2 mutations) and inhA (4 mutations) mutations 
known to confer resistance to rifampin and isoniazid, respectively. The 
assay contains markers for the M. avium complex (MAC), M. tuberculosis 
complex, and an internal amplification and hybridization control. Similarly, 
the Hain LifeScience GenoType MTBDRplus (Hain MTBDRplus) (Nehren, 
Germany) detects the presence of mutation in rpoB (4 mutations), and 
katG (2 mutations) and inhA (4 mutations). MRIGlobal partnered with the 
M.A. Aitkhozhin Institute of Molecular Biology and Biochemistry (IMBB) 
to test 411 extracted isolates from the National Center of Tuberculosis 
Problems in Kazakhstan. Isolates indicating a mixed genotypes (26) or 
presence of MAC (8) were removed from the performance evaluation. 
The Akonni MDR-TB was compared to the Hain LifeScience GenoType 
MTBDRplus (377 isolates) for rifampin and isoniazid resistance mutations: 
percent agreement (95% Confidence Interval) rifampin 93.6% (90.7-
95.9), isoniazid 97.9% (95.9-99.1); sensitivity (95% Cl) rifampin 92.7% 
(88.9-95.6), isoniazid 98.7% (96.6-99.6); and specificity (95% Cl) rifampin 
95.7% (90.2-98.6), isoniazid 95.4% (88.6-99.2). Isoniazid testing on the 
Akonni MDR-TB resulted in 1 indeterminate result. Discrepant analysis 
between assays is ongoing with culture to adjudicate. The performance 
characteristics of these assays to detect specific resistance markers is 
further defined, while highlighting the advantages of using a practical and 
quick multiplexed microarray platform in a field forward setting for global 
surveillance.

1766
HIGH PREVALENCE OF BORDETELLA PERTUSSIS IN SEVERE 
ACUTE RESPIRATORY INFECTIONS IN HOSPITALIZED 
CHILDREN UNDER FIVE YEARS IN LIMA, PERU

Ivana Pavic-Espinoza, Sandy Bendezu-Medina, Angella Herrera-
Alzamora, Maria J. Pons, Adrián V. Hernandez, Juana Del Valle-
Mendoza
Universidad Peruana de Ciencias Aplicadas, Lima, Peru

Acute respiratory infections (ARI) are the main cause of morbidity and 
mortality in children under 5 years worldwide. Bordetella pertussis 
is a highly contagious bacterium that can cause serious illness, and 
approximately half of infected infants less than 1 year old are hospitalized. 
Also, pertussis immunization series is not completed until six months 
of age, leaving young infants vulnerable to pertussis. In Peru, pertussis 
is an increasing health problem despite immunization efforts, and the 
role of B. pertussis in ARI is unknown. We determined the prevalence 
of B. pertussis among children under 5 years old admitted to Hospital 
Nacional Cayetano Heredia in Lima with diagnosis of ARI between Jan-
2009 and Dec 2010. Epidemiological and clinical features were collected, 
and presence of B. pertussis was determined by PCR (pertussis toxin 
and IS481 gene). A total of 596 nasopharyngeal samples among children 
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under 5 years were analyzed. In 114 (19.1%) samples were positive for 
B. pertussis. 32.5% of sample positive to B. pertussis were diagnosed 
as viral pneumonia at diagnosis. Importantly, 71.9% of cases were under 
12 months of age and 58.8% have been contact with other ARI infected 
people. Significant differences in clinical symptoms between the total 
ARI cases and B. pertussis cases were not found. The most frequent 
symptoms in B. pertussis cases were fever (100%), rhinorrhea 78%, 
cough 71.9% and respiratory distress 60.5%. One child died due to the 
infection. B. pertussis cases showed a seasonal distribution with peaks 
during the months March June and November. This study shows the high 
prevalence of B. pertussis in infants who were hospitalized due to severe 
acute respiratory infections in Lima, Peru. Epidemiologic surveillance 
programs for B. pertussis are essential in the future in Peru.

1767
NOSOCOMIAL TUBERCULOSIS TRANSMISSION: IS AIR 
EXCHANGE ADEQUATE IN PATIENT CARE AREAS IN GULU 
AND MAKERERE TEACHING HOSPITALS, UGANDA

Achilles Katamba1, Priscilla Nakiboneka2, Gerald Obai3, Bruce 
Kirenga1

1Makerere University College of Health Sciences, Kampala, Uganda, 
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In Uganda like similar developing countries, tuberculosis (TB) infection 
rates in medical students have been found to higher than that of 
comparable groups including students in other University programs and 
adults living in suburbs of the city where the medical school is located. 
In addition, a steep increase in prevalence of TB infection from year 
one (35%) to year five (55%) in a relatively short period suggests that 
exposure and infection may be related to clinical work, that is exposure 
and infection due to nosocomial TB. Thus we undertook the study to 
assess the adequacy of airborne ventilation in patient areas as per WHO 
recommendations. We conducted a study in Gulu and Makerere University 
teaching hospitals. The patient areas assessed included: causality/
emergency ward, bronchoscopy rooms, sputum induction rooms, inpatient 
wards, laboratories, out-patient departments, and the mortuary. Using an 
airflow alnor velometer/anemometer placed approximately 15 centimeters 
form the window or door opening, we measured the air speed of each 
patient-care area at different times of the day in the usual working 
situation, when all openings are fully open, when all openings half open 
and all openings closed for 4 measurements per opening per day for 
three day. In addition data on intensity of use of the different patient 
areas were classified into minimum use, moderate use and maximum use. 
Data were computed to determine the Air changes per hour (ACH) for 
patient-care areas for different intensity of use of the patient care areas. 
Preliminary data indicate that the ACH range to as low as 5 to as high as 
14 ACH. Patient care areas of old building constructed 50 or more years 
were more likely to have adequate ACH as per recommendation of WHO 
even at maximum intensity of use of patient-care areas. Inadequate ACH 
in patient-care settings may be responsible for nosocomial transmission of 
TB and may explain the high TB infection rates among medical students. 
Precautionary measures to prevent transmission of airborne infections are 
recommended. (Abstract changes to be made)

1768
PREVALENCE OF PATHOGENS AS A CAUSE OF PNEUMONIA 
ASSOCIATED WITH MECHANICAL VENTILATION IN THE 
ADULT ICU OF A HEALTH PROVIDER MONTERÍA- ENTITY IN 
CORDOBA, DURING THE YEARS 2011 TO 2014

Linda M. Chams, lisy Gracia, Maria F. Yasnot
Universidad de Córdoba, Monteria, Colombia

Pneumonia associated with mechanical ventilation (VAP) is one of the 
most serious infections associated with health care, not only for the 

prolongation of hospital stay of the patient, but also because it results 
in increased mortality and increases in the costs of patient care. This 
pulmonary complication develops after 48 to 72 hours of endotracheal 
intubation. To determine the prevalence of disease as a cause of 
pneumonia associated with mechanical ventilation in adult ICU of a 
health institution in Montería, Córdoba. A retrospective study in the 
ICU of a hospital in Montería- Córdoba. Patients with ICU stay and VM 
for more than 48 hours period that meet the criteria of the American 
Thoracic Society / Infectious Diseases Society of America (ATS / IDSA). 
for mechanical ventilation associated pneumonia (VAP) and which has 
been carried them bronchial secretion cultures or tracheal aspirate were 
included. For data collection 1474 medical records of patients admitted 
to the ICU on study time. The information was processed with statistical 
software SPAD, making a multivariate correspondence analysis (MCA). 
Pseudomonas aeruginosa and Klebsiella pneumoniae, were greatest 
number of isolates with rates equivalent to 39.34% and 27.87%, 
respectively, following the order of frequency Acinetobacter baumannii 
with 16.39%, Escherichia coli and Staphylococcus aureus with 4.92% 
of isolates, the less common bacteria found correspond to Enterobacter 
aerogenes with 3.28% and Burkholderia cepacia and Serratia 
marcescens with percentages corresponding to 1.64% respectively. VAP 
affects up to 38.36 % (61 of 159 ) of patients admitted to the ICU of the 
institution where the study was conducted, complicating their evolution 
, prolonging their stay in the ICU and increasing costs of health services. 
For this reason, more studies should be done to better understand the 
epidemiology, pathophysiology and etiology to improve the chances of 
survival of patients.

1769
CHALLENGES IN DIAGNOSIS OF PEDIATRIC TUBERCULOSIS: 
A CASE STUDY IN SIAYA COUNTY REFERRAL HOSPITAL, 
WESTERN KENYA

Nicholas O. Otieno1, Stellamaris Oloo1, Evelyne Modi1, Vincent 
Omanje1, Jacob Odeny1, Chrispine Wasonga1, Joan Ochieng1, 
Rodney Bosire1, Zachary S. Karim2, Prakasha Kempaiah2, Momchilo 
Vuyisich3, Norman Doggett3, Nick Hengartner3, Paul Fenimore3, 
Basil Swanson3, Benjamin H. McMahon3, John M. Ong’echa4, 
Harshini Mukundan3, Douglas J. Perkins2

1University of New Mexico/KEMRI Laboratories of Parasitic and Viral 
Diseases, SCRH, Siaya, Kenya, 2Center for Global Health, Department of 
Internal Medicine, University of New Mexico, Albuquerque, NM, United 
States, 3Los Alamos National Laboratory, Los Alamos, NM, United States, 
4University of New Mexico/KEMRI Laboratories of Parasitic and Viral 
Diseases, Kisumu, Kenya

Tuberculosis (TB) has a substantial global prevalence and results in high 
rates of morbidity and mortality. Kenya ranks among the top five TB-
burden countries in sub-Saharan Africa. Although pediatric TB is estimated 
at 10.72% for all cases, this figure is likely an underestimation due to 
the challenges associated diagnosis of pediatric TB. Currently, pediatric 
TB diagnosis in Kenya relies (primarily) on patient history, physical 
examination, chest x-ray, and sputum smear microscopy (if available). 
However, challenges are substantial when TB diagnosis is based largely 
on clinical parameters since a number of frequent co-morbid endemic 
diseases present with common clinical signs and symptoms. For example, 
we enrolled a cohort of children (n=1,704, aged 3-36 months) at the 
Siaya County Hospital, western Kenya (2003-2014), who were followed 
longitudinally for 36 months. This particular region has holoendemic 
Plasmodium falciparum transmission and the highest prevalence of HIV 
in Kenya. Although diagnosis of malaria, HIV, and bacteremia were robust 
due to utilization of state-of-the-art diagnostic platforms, diagnosis of 
pediatric TB presented substantial challenges based on the use of clinical 
algorithms. In the cohort, 55 children (3.2%) presented with suspected 
TB. However, based on the WHO TB pediatric score chart, only 15 of the 
55 suspected cases (27.3%) were confirmed as TB cases (0.88% of the 
cohort). Based on these challenges, we initiated development of diagnostic 
assays that utilize blood and/or urine samples for TB diagnosis. Towards 
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this end, we are currently investigating the use of novel technologies 
that employ detection of pathogen biomarkers coupled with sensitive 
measurement platforms to facilitate rapid and specific diagnosis of TB from 
blood and/or urine samples.

1770
IMPACT OF PCV7 ON NASOPHARYNGEAL DENSITY, 
SEROTYPE DISTRIBUTION AND ANTIBIOTIC RESISTANCE 
OF PNEUMOCOCCAL STRAINS ISOLATED FROM PERUVIAN 
CHILDREN

Christiane R. Hanke1, Carlos G. Grijalva2, Sopio Chochua1, Mathias 
W. Pletz3, Claudia Hornberg4, Kathryn M. Edwards5, Marie R. 
Griffin2, Hector A. Verastegui6, Ana I. Gil6, Claudio F. Lanata6, 
Keith P. Klugman1, Jorge E. Vidal1
1Hubert Department of Global Health, Rollins School of Public Health, 
Emory University, Atlanta, GA, United States, 2Department of Health Policy, 
Vanderbilt University, Nashville, TN, United States, 3Center for Infectious 
Diseases and Infection Control, Jena University Hospital, Jena, Germany, 
4Department of Environment and Health, School of Public Health, Bielefeld 
University, Bielefeld, Germany, 5Vanderbilt Vaccine Research Program, 
Division of Infectious Diseases, Department of Pediatrics, Vanderbilt 
University, Nashville, TN, United States, 6Instituto de Investigacion 
Nutricional, Lima, Peru

Pneumococcal conjugate vaccines (PCV) have reduced the burden of 
pneumococcal disease (PD), and decreased nasopharyngeal carriage 
of vaccine-types. Few data exist from remote rural areas, so here, we 
investigated the serotype distribution and antibiotic resistance of carriage 
strains isolated from young children, before and two years after PCV7 
was introduced, in a prospective cohort study conducted in the remote 
Peruvian Andes. Effects of PCV7 on pneumococcal nasopharyngeal 
density, obtained using qPCR reactions, were also assessed. Methods. 
Nasopharyngeal swabs were collected from a sample of children <3 years 
of age in both 2009 and 2011. Pneumococcal strains were isolated, 
quellung-serotyped and tested for susceptibility to antibiotics. Results. 
Nasopharyngeal prevalence of PCV7 strains decreased from 48% in 
2009 to 28.8% in 2011, whereas non-PCV7 types increased from 
52% to 71.2% (p=.002). Vaccination with PCV7 did not affect overall 
pneumococcal density in children colonized by a PCV7 type but did 
increase median nasopharyngeal density in those colonized with a non-
PCV7 type [2009, 1.9x105 cfu/ml vs 2011, 5.5x105 cfu/ml; (p=0.046)]. 
The most prevalent serotypes were 19F (13.6%), 23F (12.8%), and 
6B (12%) in 2009; and 19F (11.2%), 6C (11.2%), and 11A (9.6%) in 
2011. A substantial 3.5-fold increase in carriage of serotype 6C was 
observed after PCV7 introduction (p=0.026). Overall antibiotic resistance 
did not change after vaccine introduction. Most pneumococcal strains 
were non-susceptible to tetracycline (97.2%), and to a lesser extent, to 
trimethoprim-sulfamethoxazole (56.4%), penicillin (34%), erythromycin 
(22.4%), chloramphenicol (18.8%) or clindamycin (12.4%). Conclusion. 
PCV7 impacted carriage of those serotypes in rural Peru. Replacement 
serotypes had increased density when less PCV7 serotypes were present. 
Peru should consider switching to the PCV13 vaccine to cover the 
emerging serotype 6C strain.

1771
COMMUNITY CASE MANAGEMENT OF PNEUMONIA IN ABIA 
STATE, NIGERIA

Ugo U. Enebeli
Federal University of Technology, Owerri, Owerri, Nigeria

This study aims at assessing community management of Pneumonia in 
children aged 2-59 months in Abia State using the Integrated Community 
Case Management (iCCM) Model. Community Resource Persons 
(CORPs) in the iCCM model are trained in diagnosis and treatment of 
Pneumonia; referring of severe cases to the health facilities; following up 
such cases; and advising all caregivers on protection against pneumonia 

by immunization. Pneumonia is defined as a cough or cold with fast 
breathing (counted with respiratory timers); while having chest indrawing 
additionally, defines Severe Pneumonia. Between November 2014 and 
February 2015, in 7 iCCM-eligible LGAs of Abia State: 6,455 under-fives 
were seen of which 2,505 had cough/difficulty breathing and 1,230 had 
fast breathing (Pneumonia: 19% of all children seen). Of these, 1004 cases 
were promptly treated with Dispersible Amoxicillin in the community; 
and 226 cases were referred to health facilities. Pneumonia is the leading 
infectious cause of death in children worldwide, and constitute 19% of 
the estimated 756,000 under-five deaths annually in Nigeria. iCCM is 
an equity-focused strategy of delivering curative treatment of childhood 
illnesses in the communities outside of health facilities; and is designed 
such that more than the hitherto estimated one-third of under-fives can 
access interventions and antibiotics for Pneumonia. In its 4 months of 
implementation in 7 LGAs in Abia State, 1004 under-fives who may not 
have reached the health facilities were managed in the community with 
antibiotics and preventable deaths averted. iCCM of Pneumonia is a 
veritable strategy for reducing the alarming rates of under-five mortality, 
as well as achievement of Millennium Development Goals in Abia State, 
Nigeria.

1772
CHILDHOOD PNEUMONIA IN RURAL MOUNTAINOUS 
PAKISTAN: CLINICAL FEATURES AND NASOPHARYNGEAL 
CARRIAGE OF VIRAL PATHOGENS

Elizabeth D. Thomas1, Julia M. Baker1, Assis Jahan1, Ejaz 
Hussain1, Nathan F. Robinson1, Wasiat Hasan Shah1, Fatima 
Aziz2, Shahida Qureshi2, Uzma Bashir Aamir3, Asad Ali2, Syed 
Sohail Zahoor Zaidi3, Syed Iqbal Azam4, Saba Wasim4, Zeba A. 
Rasmussen1, Khalil Ahmed5

1Fogarty International Center, National Institutes of Health, Bethesda, 
MD, United States, 2Aga Khan University, Department of Paediatrics and 
Child Health, Karachi, Pakistan, 3National Institute of Health, Islamabad, 
Department of Virology, Islamabad, Pakistan, 4Aga Khan University, 
Department of Community Health Sciences, Karachi, Pakistan, 5Karakoram 
International University, Gilgit, Pakistan

Childhood pneumonia causes high morbidity/mortality in developing 
countries, including Pakistan; the role of viral pathogens is not clear. Two 
cohort studies of children under 5 years of age were conducted in rural 
Oshikhandass village by trained community research workers using weekly 
active surveillance and WHO defined criteria for pneumonia diagnosis. 
Pneumonia incidence declined from 44 episodes/100 child years (CY) in 
1992-1996 to approximately 15/100 CY in 2012-2014. From 2012-2014, 
NP data were available for 184/207 (88.9%) pneumonia cases; 132/184 
(71.7%) of these had NP viral carriage detected using Luminex® and 
Taqman® PCR methods, including RSV (19.6%), and influenza (5.4%). 
A subset of 155 cases tested with Luminex® had entero/rhinovirus 
(53.5%), coronavirus (7.7%) parainfluenza (7.1%), adenovirus (6.5%), 
metapneumovirus (5.2%) and bocavirus (1.9%). Of 207 pneumonia cases, 
7 (3.4%) had severe pneumonia. Three children were <2 months of age, 
50 (24.2%) were 2-11 months, and 154 (74.4%) were between 12-59 
months; median age at diagnosis was 19 months. At presentation (Day 1), 
average duration of illness was 2.1 days, 29.0% had wheezing by exam, 
and 24.2% had axillary temperature>=100.4 F. Children were followed on 
Days 3, 5/6 and 14. Total duration of illness, defined as initial duration plus 
days until respiratory rate returned to normal as checked by health worker, 
was available for 152 cases (73.4%); mean total duration of illness was 5 
days (range 3-17). Where respiratory rate was taken at each visit (84.5% 
of cases), most children (63.3%) recovered within 3 days of initiating 
antimicrobial therapy; 16.4% needed 5 days. Nine children (4.4%) needed 
referral, mostly on Day 1 (6/66%); 3 were hospitalized and none died. 
Community based pneumonia is primarily non-severe and with early 
detection, referral, and treatment, has low mortality. Enterovirus/rhinovirus 
and RSV were the main viruses detected, though multiple other viruses 
were found; influenza detection was relatively low. Clinical correlation with 
viral carriage is underway.
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1773
BODY COMPOSITION AND VITAMIN D STATUS AMONG 
PATIENTS WITH TUBERCULOSIS IN RURAL SOUTH INDIA: THE 
NEED FOR INTEGRATING NUTRITIONAL MANAGEMENT IN 
CARE AND TREATMENT PROGRAMS

Elaine A. Yu1, Julia L. Finkelstein1, John Kenneth2, Bonam 
Wesley2, Saurabh Mehta1

1Cornell University, Ithaca, NY, United States, 2Arogyavaram Medical 
Centre, Madanapalle, India

The evidence base for modifiable nutritional risk factors in patients with 
Tuberculosis (TB) remains inadequate and very little is known about TB’s 
association with body composition and micronutrient status in populations 
with high prevalence of undernutrition. The objective of this study was 
to describe and assess the association between body composition, 
vitamin D, and active TB among patients at a rural center in South India. 
Whole and segmental body composition indicators (body fat [%, kg], 
fat free mass [kg], total body water [kg], impedance) were measured by 
8-electrode bioelectrical impedance analysis. 25-hydroxyvitamin D serum 
concentration was determined by a chemiluminescence immunoassay, and 
< 50 nmol/L was defined as deficient. Active TB was defined by acid-fast 
bacilli sputum smear microscopy, per standard of care, and HIV infection 
was determined by TriDot rapid test. The associations between body 
composition indicators with vitamin D and TB were assessed in multivariate 
linear regressions, adjusting for other covariates (including demographic 
[sex, age], hemoglobin, immunological and rheological indicators). 11.6% 
of patients had confirmed active TB disease, and 1.5% had HIV infection. 
Among study participants, mean body weight was 48.7 kg (±13.5). Nearly 
25% of patients had 25 kg/m2. Mean vitamin D status was 51.4 nmol/L 
(±26.7), and 54.7% of patients were vitamin D deficient. Average fat 
mass was 7.2 kg (±4.3) among individuals with confirmed TB, compared 
to 11.2 kg (±7.2) among patients with probable TB. Vitamin D deficiency 
was associated with increased body fat (%) and fat mass (kg; all p<0.05), 
after controlling for other covariates. The results highlight the rampant 
undernutrition among patients with TB at our clinic in South India and 
underscore the need for integrating nutritional assessment and counseling 
in TB care and treatment programs. Further, future laboratory and 
longitudinal studies are needed to understand the direction of linkages 
between vitamin D, body composition, and TB along with their relevance 
for long-term health.

1774
ACCURACY OF SELECTED DEVICES FOR THE DETECTION OF 
PNEUMONIA SYMPTOMS - RESULTS FROM LABORATORY 
TESTING AND FIELD EVALUATIONS OF RESPIRATORY RATE 
COUNTERS AND PULSE OXIMETERS WITH FRONTLINE 
HEALTH WORKERS IN SUB-SAHARAN AFRICA AND 
SOUTHEAST ASIA

Kevin Baker1, Akasiima Mucunguzi2, Lena Matata3, Monica 
Posada4, Tedila Habte5, Karin Källander1

1Malaria Consortium, London, United Kingdom, 2Malaria Consortium, 
Kampala, Uganda, 3Malaria Consortium, Juba, South Sudan, 4Malaria 
Consortium, Phnom Penh, Cambodia, 5Malaria Consortium, Hawassa, 
Ethiopia

Globally, pneumonia remains the leading infectious cause of death 
in children under five years. Diagnosis of pneumonia symptoms by 
community health workers (CHWs) and first level health facility workers 
(FLHFWs) is based on counting respiratory rate (RR), which is challenging 
and misclassification of the observed RR is common. Malaria Consortium’s 
Pneumonia Diagnostics project is identifying the most accurate and 
acceptable devices to support CHWs and FLHFWs in the detection of 
pneumonia symptoms in children aged 0 to 59 months in Cambodia, 
Ethiopia, South Sudan and Uganda. Eight pulse oximeters and four 
respiratory rate counters were selected for evaluation based on formative 

research, including focus group discussions with 24 CHWs in each 
country and pile sorting exercises with government stakeholders and NGO 
partners. CHWs in all countries expressed a ‘felt’ need for new pneumonia 
diagnostic devices and automation was a preferred device characteristic. 
The pile sorting exercises favoured the fingertip pulse oximeters due to 
ease of use and affordability.The pulse oximeters, having not been used 
under field conditions, underwent laboratory testing for accuracy and 
robustness (prototypes excluded). All laboratory tested devices passed, 
except one fingertip pulse oximeter. Nine devices (5 pulse oximeters and 
4 respiratory rate counters) were selected overall for further accuracy 
evaluation. Health facility accuracy evaluations in the project countries 
assessed accurate use of each device by CHWs/FLHFWs against reference 
standards. In each country 430 children aged 0-59 months were enrolled 
in the study. Children were presented randomly to the CHW/FLHFW, who 
was blinded to their condition and true RR. The accuracy evaluation is 
anticipated to finish in June 2015. Preliminary results are encouraging 
with health workers able to use all devices being trialled. It is hoped that 
by identifying devices that can be used by frontline health workers to 
accurately detect pneumonia symptoms in children aged 0-59 months, this 
will increase appropriate treatment for pneumonia while improving referral 
rates for patients with severe pneumonia.

1775
ACCEPTABILITY OF SELECTED RESPIRATORY RATE COUNTERS 
AND PULSE OXIMETERS FOR USE BY FRONTLINE HEALTH 
WORKERS IN THE DETECTION OF PNEUMONIA SYMPTOMS 
IN CHILDREN IN SUB-SAHARAN AFRICA AND SOUTHEAST 
ASIA

Lena Matata1, Kevin Baker2, Akasiima Mucunguzi3, Monica 
Posada4, Tedila Habte5, Karin Källander2

1Malaria Consortium, Juba, South Sudan, 2Malaria Consortium, London, 
United Kingdom, 3Malaria Consortium, Kampala, Uganda, 4Malaria 
Consortium, Phnom Penh, Cambodia, 5Malaria Consortium, Hawassa, 
Ethiopia

Diagnosis of pneumonia, the leading infectious killer of children under 
the age of five, by community health workers (CHWs) and first level 
health facility workers (FLHFWs) is presumptive and based on counting 
respiratory rate (RR). This process can be challenging for frontline health 
workers in low resource settings and misclassification of the observed 
RR is common. Malaria Consortium’s Pneumonia Diagnostics project is 
identifying the most accurate and acceptable respiratory rate counters 
and pulse oximeters to support CHWs and FLHFWs in the detection of 
pneumonia symptoms in children aged 0 to 59 months in Cambodia, 
Ethiopia, South Sudan and Uganda. In each country a diverse sample of 
16 CHWs and 6 FLHFWs are provided with a respiratory rate counter or 
pulse oximeter. These devices will have been selected based on results 
of earlier accuracy evaluations and pile sorting exercises with CHWs/
FLHFWs who have previously tried the devices. The CHWs/FLHWs will use 
the device in routine clinical practice for two months between July and 
October 2015, and filmed using them. The recordings will be analysed for 
device procedure accuracy, and reactions of the caregiver and their child. 
Additionally the CHWs and FLHFWs, as well as a diverse sample of 24 
parents in each country, will be asked to participate in a semi-structured 
interview on their perceptions of the devices. Anticipated results will give 
insight into the acceptability of different diagnostic devices for frontline 
health workers in their daily work, as well as the reactions of caregivers 
and their children. It is hoped that this unique study will recommend 
accurate and acceptable devices for detection of childhood pneumonia 
symptoms by frontline health workers in Sub-Saharan Africa and 
Southeast Asia.
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1776
SCHISTOSOMA MANSONI: ASSESSING THE FUNCTION OF 
MAPK PATHWAY AND OF HISTONE MODIFYING ENZYMES

Marina M. Mourão1, Luiza F. Andrade1, Sandra G. Gava1, Livia G. 
Avelar1, Raymond J. Pierce2, Guilherme Oliveira1

1Fundação Oswaldo Cruz, Belo Horizonte, Brazil, 2CIIL, Inserm U1019, 
CNRS UMR8204, University Lille Nord de France. Institut Pasteur de Lille, 
Lille, France

In most organisms, Mitogen-activated protein kinases (MAPKs) and 
Histone Modifying Enzymes (HMEs) influence a number of important 
tissue-specific biological activities such as cell proliferation, survival and, 
differentiation. Those enzymes are increasingly approved as targets 
for drug development with a growing amount of inhibitors under 
development. However, to date, the function of HMEs and MAPKs 
are uncertain in the parasite Schistosoma. Here, we employed RNA 
interference to elucidate the roles of 16 HMEs and 5 genes involved in 
MAPK signaling pathway in S, mansoni. First, the selected genes were 
chosen based in their putative function and/or for being unique members 
of their subfamily (ePK) in the parasite. Among the targets are included: 
SmERK1, SmERK2, SmJNK, SmCaMK2, and Smp38 and 1 histone 
deacetylases (SmHDAC8), 10 methyltranferases (HMTs), 5 demethylases 
(HDM), from those, 8 were chosen for experimental validation. 
Pharmacological inhibition and RNAi were used to elucidate the functional 
role of MAPK signaling pathway proteins and HMEs in S, mansoni. After 
RNAi, mice were injected with treated schistosomula and evidenced that 
SmHDAC8 and SmJNK are important to the parasite transformation and 
survival, whereas HDAC8, PRMT3, KDM1/KDM2, SmERK, and Smp38 
seems to be associated in egg production as infected mice had significantly 
lower egg burdens and female worms presented underdeveloped 
ovaries. Moreover, worms depleted in SmJNK and Smp38 exhibited large 
damage in the tegument and, the later enzyme, seems to be involved 
in the activation of detoxification enzymes. Recently, RNAseq analysis of 
MAPKs knockdown parasites elucidated the genes which might be under 
the control of this signaling pathway. Our results help characterize the 
importance of MAPK pathway and HMEs in the maintenance and survival 
of the schistosome and propose some of these enzymes as valuable drug 
targets to prevent schistosomiasis progress.

1777
PHARMACOLOGICAL SENSITIVITIES OF TRP CHANNELS IN 
SCHISTOSOMA MANSONI

Swarna Bais, Matthew A. Churgin, Christopher Fang-Yen, Robert 
M. Greenberg
University of Pennsylvania, Philadelphia, PA, United States

There is an urgent need for new or repurposed antischistosomal agents, 
as praziquantel is effectively the only drug available for treatment and 
control of schistosomiasis, a disease that affects hundreds of millions. Ion 
channels are validated and common targets for current anthelmintics. 
Transient receptor potential (TRP) channels are a diverse family of channels 
essential for sensory transduction and other functions. However, the 
roles and pharmacological sensitivities of these channels are essentially 
unexplored in schistosomes and other parasitic helminths. We are using 
TRP channel modulators and RNAi to examine the pharmacological 
sensitivities of TRP channels in schistosomes. The S. mansoni genome 
predicts representatives of most TRP channel subfamilies, with the notable 
exception of TRPV, the vanilloid receptor family. Nonetheless, both adult 
and larval schistosomes exhibit dramatic hyperactivity in response to 
capsaicin, a selective activator of mammalian TRPV1. Surprisingly, the 
majority of this response is attenuated by knockdown of TRPA expression; 
TRPM7 also contributes to the capsaicin response. Knockdown has no 
effect on 5-HT-induced hyperactivity. These results indicate that some 
TRPV-mediated sensory functions may be fulfilled by schistosome TRP 
channels from other subfamilies, and that schistosome TRP channels likely 
have novel pharmacological properties. We have also been exploring the 

role of S. mansoni TRPM8 channels, which in mammals are cold sensitive 
and activated by icilin. Like capsaicin, icilin induces dramatic hyperactivity 
in adult and larval schistosomes. Suppression of TRPM8 expression strongly 
attenuates this increase in icilin-induced motility, but does not affect 
5-HT-induced hyperactivity. This is the first demonstration of a TRPM8 
agonist-induced pharmacological effect in schistosomes and provides 
a novel sensitive point for exploring the pharmacology and function of 
this channel. Targeted disruption of these channels may provide clues 
about the roles they play in the parasite and possible strategies for the 
development of new antischistosomal therapeutics.

1778
MOLECULAR DETECTION OF SCHISTOSOME AND OTHER 
PARASITIC HELMINTH INFECTIONS ON A DISPOSABLE 
MICROFLUIDIC CASSETTE

Jinzhao Song, Changchun Liu, Thomas J. Nolan, Michael Mauk, 
James B. Lok, Haim H. Bau, Robert M. Greenberg
University of Pennsylvania, Philadelphia, PA, United States

Current classical and serological methods for diagnosis of parasitic 
helminth infections have limitations on sensitivity, specificity, and reliability, 
and are often labor intensive and require specialized training. Nucleic 
acid-based methods for detection of free parasite DNA in host blood, 
urine, feces, or tissues hold the promise of dramatic increases in diagnostic 
sensitivity and specificity, but often require infrastructure not available 
in the field. Self-contained, point-of-care molecular detection devices 
hold the promise of more extensive and accurate monitoring of infection 
dynamics and treatment efficacy. Here, we describe a simple, small, fully-
integrated, inexpensive, and disposable microfluidic cassette adapted 
for molecular detection of parasitic helminth infections. The cassette, 
or chip, features an array of reaction chambers that house nucleic acid 
binding membranes. Nucleic acid capture, washing, amplification, and 
detection are all combined in a single multifunctional reaction chamber. 
The cassette is endowed with a concentration function since nucleic acids 
captured on a flow through membrane serve directly as templates for 
amplification without elution. This cassette is compatible with isothermal 
amplification methods such as loop-mediated isothermal amplification 
(LAMP) and reverse transcription (RT)-LAMP. Both monitoring the reaction 
and thermal control is low-cost and flexible. By adapting LAMP protocols 
with this cassette, we show that Schistosoma mansoni DNA is readily 
detectable on the chip using serum taken from mice as early as one-week 
post infection, several weeks prior to the onset of parasite egg production. 
Furthermore, we show that Dirofilaria immitis DNA is readily detected 
in plasma samples from infected dogs. These results provide a strategy 
for simple, inexpensive, and highly accurate diagnostic monitoring of 
schistosome and other parasitic helminth infections on site and in the 
clinic.

1779
BIOMPHALARIA GLABRATA EMBRYONIC (BGE) CELL 
SUPEROXIDE DISMUTASE (SOD) EXPRESSION PRE-AND 
POST-EXPOSURE TO SCHISTOSOMA MANSONI LARVAL 
TRANSFORMATION PROTEINS

Utibe Bickham-Wright, Nathalie Dinguirard, Grzegorz Sabat, 
Timothy P. Yoshino
University of Wisconsin, Madison, WI, United States

Schistosoma mansoni is one of several species of human blood flukes 
that causes schistosomiasis, which continues to afflict over 200 million 
people worldwide. In resistant strains of the snail intermediate host, 
Biomphalaria glabrata, primary sporocysts are rapidly encapsulated by 
circulating hemocytes and killed by the release of reactive oxygen species. 
Superoxide dismutase (SOD) in hemocytes is responsible for the production 
of H2O2 and the destruction of encapsulated parasites. An increase in Cu/
Zn SOD activity has been linked to the resistant snail strains and further 
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characterization has shown allele specific differences between strains. Cells 
of the B. glabrata embryonic (Bge) cell-line encapsulate larval S. mansoni 
under in vitro conditions, similar to hemocyte-sporocyst encapsulation 
reactions. In the present study we investigated if Bge cells, like 
hemocytes, possessed SOD activity, and whether exposure of cells to larval 
transformation proteins (LTP) affected its activity. Molecular, proteomic, 
and enzyme activity assays were used to investigate SOD in Bge cells and 
the effects of exposure to parasite proteins on its expression. Results of 
Cu/Zn SOD allele-specific PCR analysis in Bge cells showed that the A/C 
alleles, previously found to be associated with susceptible B. glabrata 
snails, were expressed. A quantitative real-time PCR assay showed an 
increase in Bge cell Cu/Zn SOD transcript levels after exposure to S. 
mansoni LTP although changes were not statistically significant. However, 
nanoLC-MS/MS mass spectrometry analysis of Bge cell proteins expressed 
pre- and post-exposure to LTP showed a significant increase in Cu/Zn 
SOD in the LTP exposed group. Finally, consistent with proteomic data, 
Bge cell lysates possess SOD activity, although whether or not this activity 
is affected by S. mansoni LTP remains to be investigated. Results of this 
study demonstrate the expression of Cu/Zn SOD in Bge cells and further 
validate the use of this cell line as a model for studying schistosome-snail 
immune interactions.

1780
GENETIC ANALYSIS OF TRANSMISSION-RELATED TRAITS IN 
SCHISTOSOME PARASITES

Winka Le Clec’h, Frédéric D. Chevalier, Tim J. Anderson
Texas Biomedical Research Institute, San Antonio, TX, United States

Parasite traits associated with transmission success, such as the number 
of infective stages released, are expected to be optimized by natural 
selection. However, in the trematode parasite Schistosoma mansoni, such 
transmission traits vary significantly within and between different parasite 
populations and selection experiments demonstrate that this variation 
has a strong genetic basis. We are using two approaches to determine 
the genetic architecture of this important transmission related life-history 
trait. First, we used deep sequencing of pooled exomes to compare allele 
frequencies across the 363Mb parasite genome in low and high shedding 
parasites from a single outbred laboratory schistosome population 
(SmLE). This experiment was conducted in triplicate using large parasite 
populations to minimize sampling issues and inbred snail lines to minimize 
the impact of host genetics. Second, we are conducting three generation 
genetic crosses between two laboratory parasite lines (SmBRE and SmLE) 
that differ >10 fold in numbers of cercariae shed from snails (mean(±se) 
cercariae per shedding, 2929±156 vs. 253±39) for a classical QTL analysis. 
The exomes from parents, F1s and F2 progeny from these genetic crosses 
will be sequenced and the genotype and phenotype data analyzed using 
linkage-based methods. The combination of these two approaches is 
expected to reveal the genetic architecture of a parasite trait that is critical 
for transmission in an important human pathogen.

1781
INDEPENDENT ORIGINS OF ALLELES CONFERRING 
OXAMNIQUINE RESISTANCE IN BRAZILIAN SCHISTOSOME 
PARASITES

Winka Le Clec’h1, Frédéric D. Chevalier1, Nina Eng1, Rafael 
Ramiro de Assis2, Guilherme Oliveira2, Philip T. LoVerde3, Timothy 
J. Anderson1

1Texas Biomedical Research Institute, San Antonio, TX, United States, 
2Centro de Pesquisas René Rachou - Fiocruz/MG, Belo Horizonte, Brazil, 
3University of Texas Health Science Center, San Antonio, TX, United States

The evolution of drug and pesticide resistance provides a valuable 
opportunity to examine adaptation in natural populations. Oxamniquine 
was used to treat schistosomiasis patients in the 1970s to the late 1990s 
and several cases of parasite infections resistant to treatment were 
recorded. Our group has identified the gene and mutations involved in 

oxamniquine resistance. The gene involved encodes a sulfotransferase, 
SmSULT, required for intracellular drug activation. Resistance has a 
recessive basis and occurs when both SmSULT alleles encode for defective 
proteins. Here we examine SmSULT sequence variation in a natural 
schistosome population in Brazil after 30 years of treatment. Our central 
aim was to determine (i) the frequency of resistance alleles and (ii) the 
number of independent origins of resistance to this drug in a single 
parasite population. We collected fecal material containing S, mansoni 
eggs, hatched miracidia and stored these on FTA cards. Following whole 
genome amplification of DNA, we sequenced the two exons of SmSULT 
from each miracidia. We amplified miracidial DNA from 189/228 samples 
(83% success). These included one to 11 miracidia larvae from each of 
50 patients. We found four mutations that are known or predicted to 
impair protein function from examination of their position in the SmSULT 
crystal structure and/or by biochemical assays. These were (i) the amino 
acid deletion (Δ142) (ii) a single bp insertion in exon 1 predicted to make 
a truncated protein product, and (iii) two substitutions (N44H, G206V), 
which are predicted to impair binding of the oxamniquine and the co-
factor needed for oxamniquine activation respectively. One other mutation 
(N215Y) is not predicted to affect drug activation. Three results are of 
particular interest: (i) we recovered the Δ142 mutation, responsible for 
resistance in our genetic cross, in field collected parasite populations (i) 
allele frequencies of known or predicted resistance alleles are low (0.04-
0.29%), perhaps consistent with fitness costs associated with carriage 
of these alleles (ii) we observed 2-4 independent origins of known or 
predicted resistant alleles.

1782
POPULATION “EXOMICS” OF SCHISTOSOMA MANSONI

Frédéric D. Chevalier1, Winka LeClec’h1, Philip T. LoVerde2, Rafael 
Ramiro de Assis3, Guilherme Oliveira3, Safari Kinunghi4, Anouk 
Gouvras5, Bonnie Webster5, Joanne Webster6, Aidan Emery5, David 
Rollinson5, Timothy J. Anderson1

1Texas Biomedical Research Institute, San Antonio, San Antonio, TX, 
United States, 2University of Texas Health Science Center, San Antonio, San 
Antonio, TX, United States, 3Centro de Pesquisas René Rachou - Fiocruz/
MG, Belo Horizonte, Brazil, 4National Institute for Medical Research, 
Mwanza, United Republic of Tanzania, 5Natural History Museum, London, 
United Kingdom, 6Imperial College, London, United Kingdom

We have developed a robust, inexpensive approach for capture and 
sequencing of the ~17Mb Schistosoma mansoni exome that can be 
used for single larval parasites isolated from feces. The approach uses 
whole genome amplification of miracidia larvae preserved on FTA cards, 
solution-based capture of exome sequences using 120bp RNA baits, and 
Illumina sequencing, and can be extensively multiplexed to reduce costs 
and simplify sequence library preparation. Here we describe population 
genomic analysis of exome sequence data from 146 miracidia (one 
from each patient sampled) from Brazil, Tanzania and two West African 
countries (Senegal and Niger). All the African samples come from the 
Schistosome Collection At the Natural History Museum (SCAN collection). 
We detail patterns of genetic variation in autosomal and mtDNA, we 
characterize SNP variation at candidate vaccine and drug resistance loci, 
and examine geographic differentiation in allele frequencies to identify 
genome regions under strong directional and balancing selection. Exome 
sequencing has multiple applications for investigating the population 
biology and evolutionary genomics of schistosomes. This approach 
provides several advantages over other “genome reduction” approaches 
(eg RADseq) because the sequence captured can be unambiguously 
aligned to the parasite genome, coding sequences of central interest to 
most biologists are determined, and unwanted contaminating DNA is 
removed.
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1783
EFFECT OF PARASITISM ON THE DISTRIBUTION OF 
SEROTONIN IN THE NERVOUS TISSUES OF BIOMPHALARIA 
ALEXANDRINA

Solymar Rolon-Martinez1, Mohamed R. Habib2, Lee O. Vaasjo1, 
Roger P. Croll3, Mark W. Miller1

1University of Puerto Rico, San Juan, PR, United States, 2Theodor Bilharz 
Research Institute, Cairo, Egypt, 3Dalhousie University, Halifax, NS, Canada

Schistosomiasis, or bilharzia, is estimated to affect more than 200 
million people worldwide. The digenetic trematode worm Schistosoma 
mansoni that causes schistosomiasis employs the freshwater snail genus 
Biomphalaria as its primary intermediate host. It has been proposed 
that the transition from the free-living S. mansoni miracidium to 
parasitic mother sporocyst depends upon uptake of biogenic amines, 
e.g. serotonin (5HT), from the snail host. However, little is known about 
potential sources of serotonin in Biomphalaria alexandrina tissues and 
its potential changes during the course of infection. The purpose of this 
investigation was to localize serotonin-like immunoreactivity (5HTli) in the 
central nervous system (CNS) of B. alexandrina and examine 5HTli at 
critical points of the host-parasite interaction. 5HTli fibers were observed 
innervating the cephalopedal integument, the major site of S. mansoni 
miracidium penetration and transformation. However, no peripheral 5HTli 
neurons were detected. Clusters of 5HTli neurons were observed in the 
cerebral, pedal, left parietal, left pleural and visceral ganglia, suggesting 
that the peripheral serotonergic fibers originate from the CNS (see also 
Delgado et al. 2012). Specimens infected with S. mansoni were examined 
at 10 days post infection (10 dpi) and during their shedding stage. The 
total number of central 5HTli neurons decreased from 162.2 ± 40.0 (n = 
5) under control conditions to 118.8 ± 11.9 10 dpi and 130.4 ± 6.7 at the 
shedding stage (one-way ANOVA, p < 0.05). Reductions of 5HTli were 
most evident in the pedal ganglion (control: 33.6 ± 8.8; 18.0 ± 3.7, 10 
dpi; 25.6 ± 5, shedding; p < 0.05) and the left pleural ganglion (3.2 ± 2.8, 
control; 0 ± 0, 10 dpi; 0 ± 0, shedding; p < 0.05). The changes in 5HTli 
observed following infection by S. mansoni indicate that reductions in 
serotonin levels can occur in specific central neurons in parasitized snails 
and that these changes might contribute to the modifications in several 
behaviors that are observed during the course of infection.

1784
SCHISTOSOMIASIS IN REPRODUCTIVE-AGE WOMEN IN 
RURAL ZIMBABWE

Joseph Freer1, Andrew Prendergast2

1London School of Hygiene & Tropical Medicine, London, United Kingdom, 
2Queen Mary, University of London, London, United Kingdom

Schistosomiasis, which is highly prevalent in Zimbabwe, has well-
recognised complications. However, the epidemiology of schistosomiasis 
in reproductive-age women and the impact of infection during pregnancy 
remain poorly understood. In this study we describe the epidemiology 
of schistosomiasis in reproductive-age women in rural Zimbabwe. The 
prevalence and risk factors for infection will be described, using the rich 
baseline dataset that includes demographic and socioeconomic variables, 
together with extensive data on sanitation coverage, water collection and 
exposure practices. Secondly, we explore associations between maternal 
schistosomiasis and adverse birth outcomes, including i) prematurity 
ii) low birth weight iii) miscarriage iv) stillbirth and v) neonatal death, 
stratified by maternal HIV status. Regression analysis for each birth 
outcome, using schistosomiasis as the exposure variable and including a 
range of covariates known to be associated with adverse birth outcomes 
(e.g. maternal age, parity, education, hypertension, smoking and alcohol 
use) will be presented. Thirdly, we present the relationship between the 
presence of inflammatory biomarkers (C-reactive protein, interleukin-6) in 
the plasma of 400 pregnant women with and without schistosomiasis.

1785
PATTERNS OF REACTIVITY TO SCHISTOSOMA MANSONI EGG 
GLYCAN ANTIGENS IN A POPULATION OF TREATMENT-NAÏVE 
KENYAN SCHOOL CHILDREN

Nina S. Prasanphanich1, Ryan E. Wiegand2, Jasmine A. Landry3, 
Eric M. Ndombi4, Bernard Abudho4, Diana K. Riner5, Megan 
L. Mickum1, Diana M. Karanja4, Daniel G. Colley5, Richard D. 
Cummings1, W. Evan Secor2

1Emory University, Atlanta, GA, United States, 2Centers for Disease Control 
and Prevention, Atlanta, GA, United States, 3Macalester College, St. Paul, 
MN, United States, 4Kenya Medical Research Institute, Kisumu, Kenya, 
5University of Georgia, Athens, GA, United States

Children in schistosomiasis-endemic areas develop partial resistance to 
infection as they age. This resistance is associated with immune responses, 
including IgE and IgG, to parasite antigens. Anti-glycan antibodies 
are abundant in schistosome-infected hosts, but their significance in 
human disease resistance is still unclear. The aim of this study was to 
identify glycan epitopes targeted by children in S, mansoni endemic 
areas, and examine trends of reactivity with age in a population of egg-
positive, treatment-naïve Kenyan school children. Plasmas from both 
egg-positive and -negative children demonstrate reactivity with several 
epitopes including core xylose/core α3 fucose, F-LDNF, LDN and LDNF 
on schistosome glycan microarrays. To explore age-related trends of 
such antibodies, we measured IgG and IgM to mock- and periodate-
treated S, mansoni soluble egg antigen (SEA), and two parasite cross-
reactive glycoproteins, keyhole limpet hemocyanin (KLH) and horseradish 
peroxidase (HRP). The ratio of periodate-resistant (primarily non-glycan) 
versus total IgG and IgM reactivity to SEA increased with age. IgG to HRP 
and IgM to KLH decreased with age, while IgG to KLH increased. These 
trends were especially pronounced throughout adolescence. The anti-
glycan antibodies detected included a mix of IgG1, G3 and G4. Our results 
suggest that immune recognition of some glycan epitopes is negatively 
correlated, and others, positively correlated with age. Future studies on the 
function of such anti-glycan antibodies and their pattern of expression in 
human infection could be informative for the improvement of diagnostics 
and vaccine development.

1786
GENE REGULATION OF IMMUNE RESPONSES IN 
BIOMPHALARIA GLABRATA

Judith Humphries, Briana Harter, Heather Jost, Eric Ohlrogge, 
Eric Weinlander
Lawrence University, Appleton, WI, United States

Biomphalaria glabrata snails act as the intermediate host to the 
trematode parasite, Schistosoma mansoni. Following S. mansoni 
penetration of resistant B. glabrata, parasites are encapsulated by blood 
cells (hemocytes) and following are killed most likely via host-derived 
reactive oxygen and/or nitrogen intermediates. An immune response such 
as this is assumed to depend on altered gene expression to some degree. 
Moreover several studies have shown that the transcriptional profile of 
B. glabrata changes in response to stressors such as gram negative and 
gram positive bacteria, mechanical wounding, and metazoan parasites, 
as published previously. To date however, only a few transcription factors 
have been described in B. glabrata and an understanding of gene 
regulation in this species is lacking. The NF-kappaB family of transcription 
factors has been shown to regulate gene expression in a wide variety 
of biological processes, including immune and inflammatory responses. 
As a result, the NF-kappaB pathway is a prospective candidate for 
the regulation of immune-related genes in B. glabrata. NF-kappaB 
homologues have previously been identified in the snail and we have 
discovered putative kappa-binding sites in the regulatory regions upstream 
of immune-related genes such as p38 MAPK and Mpeg. Consequently we 
have examined whether these putative kappa-binding sites are recognized 
and bound by a B. glabrata NF-kappaB protein through electrophoretic 
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mobility shift assays (EMSAs). Furthermore the ability of NF-kappaB 
to translocate to the nucleus following exposure to PAMPS (pathogen 
associated molecular patterns) including S. mansoni larval transformation 
products was studied. Results support that NF-kappaB can function as a 
transcription factor and suggest its associated signaling pathway plays a 
role in the immune system in B. glabrata.

1787
CHARACTERIZATION OF THE HUMORAL AND CELLULAR 
IMMUNE RESPONSES ELICITED BY THE IMMUNIZATION 
OF MICE WITH SCHISTOSOMA MANSONI CATHEPSIN B IN 
THE PRESENCE OF CPG OLIGODEOXYNUCLEOTIDES OR 
MONTANIDE ISA 720 VG

Alessandra Ricciardi, Kittipos Visitsunthorn, John P. Dalton, 
Momar Ndao
McGill University, Montreal, QC, Canada

Schistosomiasis is the most important human helminth infection due to 
its impact on public health. A vaccine could contribute to a long-lasting 
decrease in disease spectrum and transmission. Our previous vaccine 
study using Schistosoma mansoni Cathepsin B (SmCB) resulted in 59% 
and 60% worm burden reduction with CpG oligodeoxynucleotides and 
Montanide ISA720 VG as adjuvants, respectively. Furthermore, antibody 
production was significantly augmented in the vaccinated mice; both 
formulations elicited SmCB-specific total IgG endpoint titers > 120,000. 
In this study, the role of antibody-dependent cell-mediated cytotoxicity in 
SmCB-mediated protection was evaluated by incubating the parasite in 
the presence of pre-immune or immune sera with isolated lung CD45+ 
cells. These cells were obtained from mice immunized with recombinant 
SmCB adjuvanted with either CpG oligodeoxynucleotides or Montanide 
ISA 720 VG. Cells and sera from adjuvant and saline control animals 
were also included. SmCB + Montanide induced the highest killing when 
immune serum was present; suggesting the contribution of antibodies in 
cell-mediated parasite killing. In contrast, SmCB + CpG induced constant 
increased parasite killing which was independent of the addition of 
immune sera; implying that only cellular effects were elicited. To further 
investigate the immunological mechanisms, different cell populations 
were isolated and analyzed. CD8+ cells prominently contributed to 
SmCB + Montanide-induced parasite killing (67%) while CD4+ cells 
were the main effectors in SmCB + CpG-induced parasite killing (64%). 
Our results elucidate the importance of the adjuvants in influencing the 
immune mechanisms involved in parasite killing and protection against 
schistosomiasis.

1788
CHIENGI DISTRICT, ZAMBIA OPEN DEFECATION FREE!

Vernon Ngulube1, Rabson Zimba2, Lambwa Chomba3, Philippa 
Crooks4, Oswell Katooka5, David A. Larsen6, Chinyama Lukama5, 
Abel Manangi5, Laurie Markle2, Selenia Matimelo5, Paul Mboshya5, 
Sarrah Muleya7, Engervell Musonda5, Nicolas Osbert4, John 
Pinfold4, Scott Russpatrick2, Amy Tiwari2, Benjamin Winters2

1Ministry of Local Government and Housing, Luapula Province, Zambia, 
2Akros, Lusaka, Zambia, 3Chomba Chiefdom, Chiengi District, Zambia, 
4UNICEF Zambia Country Office, Lusaka, Zambia, 5Ministry of Local 
Government and Housing, Lusaka, Zambia, 6Syracuse University, Syracuse, 
NY, United States, 7Government Council, Chiengi District, Zambia

Open defecation is a leading risk factor for the transmission of diarrheal 
disease and soil-transmitted helminths. To become open defecation free 
(ODF) households must have access to a latrine with various adequacy 
parameters including a smooth, cleanable floor, a lid and a hand-washing 
station with soap or ash. Zambia has adopted community-led total 
sanitation (CLTS) as country policy in rural areas. CLTS is a behavior change 
communication campaign where communities are “triggered” through 
a discussion about open defecation and consequences of the behavior. 
Communities then construct their own latrines. With support from UNICEF, 

the Ministry of Local Government and Housing in Zambia has scaled CLTS 
throughout half the country. Included in the CLTS is a mobile-to-web real-
time monitoring tool of ODF progress at the village level supported by 
DHIS2 that provides feedback to the community, district and traditional 
leaders. After 18 months of implementation of CLTS with the real-time 
monitoring the entirety of Chiengi District, Zambia has now certified as 
ODF despite challenges at the onset of the program. Chiengi District is the 
first in Zambia, and likely one of the first in all of sub-Saharan Africa to 
achieve ODF.

1789
THE ASSOCIATION BETWEEN SEASONALITY AND 
LEPTOSPIROSIS IN SOUTHERN THAILAND

Sarunyou Chusri, Edward McNeil, Khachornsakdi Silpapojakul
Prince of Songkla University, Hat yai, Songkhla, Thailand

Introduction: Leptospirosis is a worldwide zoonosis with incidence rates 
of between 0.86 and 5.50 per 100,000 populations per year in Songkhla 
Province in southern Thailand. The incidence rate per month during the 
monsoon season was 3-5 times higher and up to 10-15 times higher 
during floods. Objectives: To study the association between the number 
of leptospirosis cases in Songkhla Province to the seasonal pattern and 
climate factors. Methods: We retrospectively reviewed the number of 
leptospirosis cases and climate factors including rainfall, temperature, 
relative humidity, light, wind and documentation of flooding from 
1995-2015 and used time series analysis and logistic regression to study 
the association between them. The time series of monthly number of 
leptospirosis cases and climate information were taken and put into 
analytic model. Results: From 1995 to 2015, there were 1023 cases of 
leptospirosis in Songkhla Province. We found the documentation of 
flooding and 1-month lag of average rainfall were associated with number 
of leptospirosis cases with odds ratio (95% confidence interval) of 5.3(2.8-
7.8, p-value =0.003) and 1.4(1.1-2.2, p-value=0.04). We also found the 
lack of association between chronological month, temperature, light 
and wind. For time series analysis there was no association between any 
more than 2-month lag climate factors and number of leptospirosis cases. 
Conclusion: The trend of leptospirosis in southern Thailand was associated 
with flooding and rainfall within a month. This model was purposed to 
predict the number of leptospirosis cases accurately.

1790
CAN DIARRHEAL DISEASES BE PREDICTED IN ADVANCE?

Md Rakibul H. Khan1, Haidar Aldaach1, Shafqat Akanda2, Anwar 
Huq3, Antarpreet Jutla1, Rita Colwell3
1West Virginia University, Morgantown, WV, United States, 2University of 
Rhode Island, Kingston, RI, United States, 3University of Maryland, College 
Park, MD, United States

Diarrheal diseases continues to pose a severe threat in tropical regions 
where WASH facilities remain marginal and are prone to destruction. 
With limited efficacy of vaccines, it is important to device alternate 
methods to determine environmental conditions favorable for diarrheal 
diseases. Outbreaks of several vibrio (V. cholerae., V. vulnificus, V. 
parahaemolyticus) have characteristic signatures that are associated with 
large scale climatic processes. Here, using cholera as one of the signature 
diarrheal disease, we present a framework coupling hydrological and 
microbiological understanding with satellite remote sensing data to predict 
environmental conditions for outbreak in several regions of sub-Saharan 
Africa. Hydroclimatic processes, primarily precipitation and temperature 
are found to be strongly associated with epidemic and episodic outbreak 
of cholera. Using spatial land surface temperature (LST) data from 
satellites along with water accessibility data and population data, we have 
developed an algorithm to classify regions at risk to cholera. A case study 
has been piloted to implement the algorithm in five epidemic regions e.g. 
Mozambique, Central African Republic, Cameroon, South Sudan and 
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Rwanda. Conditions for occurrence of cholera were detectable at least one 
month in advance. Additionally, we will present framework for prediction 
of V. vulnificus, V. parahaemolyticus in several coastal regions of US.

1791
POPULATION-LEVEL INDOOR PM2.5 EXPOSURE ASSOCIATED 
WITH HOUSEHOLD SOLID FUEL USE FOR THE ESTIMATION 
OF THE GLOBAL BURDEN OF HOUSEHOLD AIR POLLUTION 
(GBD 2013)

Astha KC, Victoria Bachman, Tiffany Ku, Mohammad H. 
Forouzanfar, GBD Household Air Pollution Expert Group
Institute for Health Metrics and Evaluation, University of Washington, 
Seattle, WA, United States

Published evidence suggests that there is notable heterogeneity in PM2.5 
exposure distribution across geographies due to various socioeconomic 
and environmental factors. However, there has been limited effort to 
quantify average PM2.5 exposure associated with household solid fuel 
use while accounting for this variation. To address this evidence gap, 
we estimated the population-level PM2.5 exposure associated with 
household solid fuel use with uncertainty for 138 developing countries 
from 1980 to 2013.We updated the Global Household Air Pollution 
Database by conducting a systematic review to include studies published 
as of January 2015. The final database comprised of 67 studies conducted 
in 16 countries from 8 regions. First, mean 24-hour kitchen PM2.5 
concentration was estimated using a linear mixed effect model with 
maternal education as a covariate and nested random effect for GBD 
super region, region, and country. Then, ratios of personal exposure to 
average 24-hour kitchen PM2.5 concentration for men, women, and 
children were calculated separately. Finally, average personal exposure 
was calculated for men, women, and children by applying the ratio of 
personal exposure and kitchen concentration to the average 24-hour 
kitchen PM2.5 concentration for all 138 countries.Our analysis showed 
that mean PM2.5 exposure associated with household solid fuel varies 
geographically. Maternal education was a significant predictor of mean 
24-hour PM2.5 kitchen concentration (p-value: 0.016). The estimated 
mean 24-hour PM2.5 kitchen concentration was highest in Ethiopia 691 
µg/m3 (95% CI: 226-1750) and lowest in Costa Rica 103 µg/m3 (95% CI: 
14.5-396) in 2013. The pooled ratio of personal to kitchen area PM2.5 
concentration was highest for women 0.73 (95% CI: 0.66-0.81) and 
lowest for men 0.43 (95% CI: 0.37-0.50).Informed by a global database 
spanning 16 countries our model captured geographic variation in indoor 
PM2.5 exposure that was instrumental in estimating the global burden 
of household air pollution for GBD 2013. Future estimates would benefit 
from more direct exposure measurements by enriching the sparse PM2.5 
data landscape.

1792
CHALLENGES FOR WOMEN IN ACCESSING WATER AND 
SANITATION FACILITIES IN PERI-URBAN SLUMS OF KENYA

Poulomy Chakraborty, Alyson Young, John D. Anderson, 
Richard D. Rheingans
University of Florida, Gainesville, FL, United States

The vulnerability surrounding insecurity and threat experienced by women 
when they seek to meet their and their family’s daily water and sanitation 
needs, are not much researched and addressed. A high proportion of 
women in the developing world are subjected to violence, assault and 
threat on their daily commutes to fulfill water and sanitary requirements, 
most of which remain undocumented. This analysis uses quantitative and 
qualitative data from a larger cross-sectional study on water, sanitation and 
hygiene (WASH) disparities in peri-urban slums of Kisumu, Kenya during 
2014-15. Of the 734 interviewed women, more than 94% had access to 
toilets. However, more than one-third reported that they felt insecure to 
access their toilets at night and approximately 11% said they had faced 
some form of attack, threat or assault on their way to access toilets at 

night. Despite having toilets in their compounds, accessing them after 
dark presents severe threat to their personal safety. As a result, women 
are forced to rely on various unhygienic means of relieving themselves. 
Although fewer women stated they have been attacked while collecting 
water, more than 23% reported they felt insecure to gather water for their 
households at night. Data from semi-structured interviews with 20 women 
also revealed a fear of violence or threat in accessing WASH facilities 
within the community. Preliminary results demonstrate installing WASH 
infrastructure does not always ensure regular usage in communities, when 
there is an underlying threat of gender-based violence. The lack of safe 
toilet access at night may give rise to the use of other unsanitary methods 
of waste disposal, may force a woman to wait until daylight hours, and/or 
create psychosocial stress all of which can result in other public health risks 
for women and their families. A systematic and holistic approach is needed 
to address gender-based violence to ensure safer and higher access to 
WASH facilities by the women.

1793
EXPLORING THE IMPACT OF HARMFUL ALGAL BLOOMS 
(HABS) ON THE HEALTH OF COASTAL COMMUNITIES IN THE 
GULF OF GUAYAQUIL, ECUADOR

Mercy J. Borbor-Cordova1, Gladys Torres2, Bonny Bayot1, J. 
Rafael Bermúdez1, Luis Escobar1, Stuart Hamilton3, G. Cristina 
Recalde1, Sadie Ryan4, Anna Stewart-Ibarra5

1Escuela Superior Politecnica del Litoral, Guayaquil, Ecuador, 2Instituto 
Oceanografico de la Armada del Ecuador, Guayaquil, Ecuador, 3Salisbury 
University, Salisbury, MD, United States, 4Department of Geography and 
Emerging Pathogens Institute, University of Florida, Gainsville, FL, United 
States, 5Center for Global Health and Translational Science, SUNY Upstate 
Medical University, Syracuse, NY, United States

Here we present a methodological framework and initial findings from 
a transdisciplinary study of harmful algal blooms (HABs) and public 
health effects in coastal Ecuador. There is a growing scientific consensus 
that the public health and economic impacts of HABs are indicative of 
a global epidemic. We have developed a methodological framework to 
explore the natural and anthropogenic drivers of HABs (red tides) in an 
estuarine-coastal gradient, and the potential linkages to the public health 
of three coastal communities in the Gulf of Guayaquil, Ecuador. Previous 
research identified more than 100 “red tide” events in the gulf since 
1968; about 77% of these were associated with the death of fish, birds, 
or shrimp; however, there is a lack of specific epidemiological information 
linking HABs to local public health impacts. To address this gap, we are 
conducting a comprehensive eco-epidemiological study through the 
following: a) A historical reconstruction (2000-2014) of climate-ocean 
and anthropogenic conditions associated with HABs events to identify 
potential triggers, b) an assessment of health practitioners’ knowledge 
and risk perception to explore local health effects of HABs, and c) an 
ecological study of the ocean-biological conditions that favor the presence 
and/or dominance of algae associated with toxins through an analysis of 
remotely sensed imagery and prospective field data collections. This study 
is being conducted in partnership with Ministry of Health, as establishing 
a collaborative partnership with public health staff and key local 
stakeholders from the outset will ensure a participatory process to identify 
potential interventions and public health priorities surrounding this largely 
unexplored public health issue.

1794
POLLUTION STUDIES ON THE LOWER MISSISSIPPI 
MISSISSIPPI RIVER IN PORT GIBSON AREA, MISSISSIPPI 
DURING THE FALL OF 2013

Alex D. Acholonu, Amber Tatum
Alcorn State University, Alcorn State, MS, United States

Water is critical for the survival of living things including man. It is 
the driver of life. Its quality is closely associated with the surrounding 
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environment and the use made of it. It may also depend on whether the 
water body is lentic or lotic. The purpose of this study was to determine 
if the Mississippi River in the area of Port Gibson,MS was polluted and 
compare the result with the Mississippi Water Quality Criteria (MSWQC) 
and/or the Environmental Protection Agency(EPA) Standard. Water 
samples were collected from the Mississippi River in Port Gibson Area in 
the Fall of 2013 for three consecutive times and tested with the LaMotte 
water pollution test kits. The physical characteristics of the river were 
taken including the temperature and recorded. The following chemical 
parameters were tested and analyzed: total alkalinity, ammonia-nitrogen, 
calcium, carbon dioxide, chlorine, cooper, dissolved oxygen, magnesium, 
nitrate, hardness, pH, phosphate, and salinity. The parameters tested 
met the Mississippi Water Quality Criteria (MSWQC) with the exception 
of total alkalinity, hardness, and phosphate which exceeded the criteria. 
Coliform bacteria were present in the river water showing evidence of 
bacteria contamination and the fact that the water was not potable or was 
unsanitary for human domestic use.

1795
ANTIBIOTIC RESISTANCE OF ENTEROBACTERIA IN TWO 
WASTEWATER TREATMENT PLANTS OF TWO PERI URBAN 
COMMUNITIES OF LIMA, PERU

Francesca Schiaffino1, Noelia Angulo1, Alejandro Florentini1, 
Josmel Sevillano1, Cusi Ferradas1, Margot Faustino1, Lilia Cabrera2, 
Martiza Calderón1, Pablo Tsukayama3, Gautam Dantas3, Robert H. 
Gilman4

1Universidad Peruana Cayetano Heredia, Lima, Peru, 2Biomedical Research 
Unit, A.B. PRISMA, Lima, Peru, 3Dantas Lab, Washington University in St. 
Louis, St. Louis, MO, United States, 4Department of International Health, 
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States

The increased use of antibiotics in human medicine and agriculture in 
recent decades has introduced significant selective pressures on bacterial 
populations in virtually all human-associated environments and lead to 
the evolution of multidrug-resistant bacteria that compromise our ability 
to treat infectious disease. Build environments, such as wastewater 
treatment plants (WWTP) have already been identified as reservoirs of 
antibiotic resistance genes with high potential for introduction into natural 
environments. Previous studies regarding the presence of antibiotic 
resistance bacteria have not been performed in sewage and WWTP in 
the peri urban shantytowns of Lima, Peru. This is the first report of the 
isolation and antibiotic resistance of specific Enterobacteria from two 
WWTP of the districts of San Juan de Miraflores (SJM) and Villa El Salvador 
(VES), Lima, Peru. A longitudinal sampling was performed from September 
2014 until February 2015 in the WWTP of SJM and VES, Lima, Peru. 
Influent and effluent water samples were taken during each sampling date 
from each WWTP. Total coliforms, strain isolation and antibiotic resistance 
to 12 different antibiotics was determined. Antibiotic resistance ranged 
as follows: 10 to 80% for affluent VES samples, 80 to 100% for VES 
effluent samples, 30 to 100% for affluent SJM samples and 70 to 80% for 
effluent samples. Regarding individual antibiotic resistance, SJM affluent 
and effluent samples were 100% resistant to CF and SXT while effluent 
samples where 66.6% resistant to CTR. Affluent and effluent samples 
from VES where 100% resistant to CIP and effluent samples had high 
resistance percentages to CXM (85.7%), NIF (85.7%) and SXT (87.5%). 
Isolated bacterial strains included E. coli, Enterobacter spp., Citrobacter 
spp., Serratia spp., Klebsiella pneumonie, and Salmonella spp. In 
conclusion, results show that effluent waters do carry rasistant bacterial 
strains into the environment, including pathogenic bacteria. Further studies 
are needed to evaluate bacterial resistance genes and their behavior in 
WWTP and their re-entrance into the community’s environment.

1796
UNDERNUTRITION, DIARRHEA AND BREASTFEEDING IN 
UNDER-FIVE - BENGO PROVINCE, ANGOLA

Miguel Brito1, Ânia Soares2, Cláudia Fançony2, António Martins3

1CISA - Health Research Centre in Angola/ESTeSL, Caxito, Angola, 2CISA - 
Health Research Centre in Angola, Caxito, Angola, 3Diretor Provincial de 
Saude, Caxito, Angola

New interventions to reduce undernutrition should be design taking into 
account their basic, underlying and immediate causes, since nutrition 
is capable of maximize health and minimize morbidity and mortality 
in early childhood. This study aims to identify factors associated with 
undernutrition (wasting, stunting and underweight) among children 
aged less than 5 in Bengo province, Angola. A total of 803 children aged 
0 to 59 months were surveyed. Logistic regression analysis was used to 
examine undernutrition against a set of variables associated with health 
and water. Children nutritional status was classified as underweight, 
stunted and wasted if their Z-scores for weight-for-age (WAZ), height-for-
age (HAZ) and weight-for-height (WHZ) were less than -2.0 SD of WHO 
(2006) standards. Children in this study aged mainly 0-23 months (43%), 
50.8% were males, 36% were currently breastfeeding, 34% had diarrhea 
in the last two weeks and 53.4% of the mothers does not treat water. 
The prevalence of wasting was 5,6%, stunting 30.7 % and underweight 
29.0%. The most significant factors for wasting were age (OR 4.5, 2.1-9.3 
risk for 0-23 age), being breastfeed (OR 4.0, 2.0-7.7) and having diarrhea 
episodes (OR 2.0, 1.0-3.7). The most significant factors for stunting were 
mother´s education (OR 0.5, 0.2-0.9 for mother with secondary or higher 
education), age (OR 0.5, 0.4-0.8 risk for 0-23 age) and being breastfeed 
(OR 0.4, 0.3-0.6). The most significant factors for underweight were age 
(OR 1.7, 1.1-2.6 risk for 0-23 age class), being breastfeed (OR 1.7, 1.1-
2.7) and having diarrhea episodes (OR 1.9, 1.3-3.1).The high frequency 
of reported untreated drinking water in this study may be related to the 
occurrence of enteric pathogens, and consequently to the occurrence 
of the diarrhea episodes reported here. On the other hand, our results 
suggest that breastfeeding may have a protective effect on the occurrence 
of stunting. Despite the need further investigation, our results suggest 
the existence of preventable morbidity triggered by undernutrition. 
Community-based education intervention could represent good strategies 
to reduce undernutrition.

1797
LABORATORY SURVEY FOR THE PREVALENCE OF ENTERIC 
BACTERIA IN RESTAURANTS IN THE PERUVIAN AMAZON 
(IQUITOS, PERU)

Colin R. Andrews1, Mona Lotfipour1, Andrew Rogers1, Melita 
Pizango2, Ricardo Abadie2, Rosa Burga2, Claudio Rocha2, Hamilton 
Tilley3, David Craft1

1Pennsylvania State University College of Medicine, Hershey, PA, United 
States, 2Navy Medical Research Unit No. 6, Lima, Peru, 3Navy Medical 
Research Unit 6, Lima, Peru

Food and water-borne pathogens are a common and preventable source 
of diarrheal illness and death worldwide, especially in countries with 
limited public health infrastructure. A contributing factor to diarrheal 
illness may be the hygiene and sanitation practices of restaurants. This 
study investigates the prevalence of pathogenic and commensal enteric 
bacteria in restaurants in Iquitos, Peru. A total of 17 restaurants were 
asked to consider participating in the study. Sixteen gave permission to 
team members to collect an average of 9 food and food preparation 
contact surface sites for microbiological analysis. Samples were collected 
by swab in transport media and delivered that day to the microbiology 
laboratory. A total of 1,280 restaurant samples were cultured for 
enteric bacterial pathogens (Salmonella, Shigella, Campylobacter 
and Aeromonas) and also for the presence of normal enteric flora 
using standard culture techniques. Culture results were then stratified 
by average cost per meal at the restaurants. Water was also collected 
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from each restaurant for fecal coliform analysis. Salmonella, Shigella, 
Campylobacter, and Aeromonas spp. were isolated from 16 samples 
(0, 3, 0, and 13, respectively) at 10 of 16 (63%) restaurants. Other fecal 
flora, most commonly E. coli, Proteus, Enterobacter, or Klebsiella, were 
isolated from 30 foods/juices and 35 surface sites at 15 of 16 (94%) 
restaurants. Five of 16 (31%) restaurants yielded positive coliform counts 
from their water sources including at least one restaurant in each cost 
stratified group (1 low, 1 medium, 1 high, and 2 very high cost). Our study 
demonstrates the presence of enteric pathogens and normal human fecal 
flora in the food, water, and preparation surfaces in restaurants in Iquitos, 
Peru. While this study does not clarify the relationship between enteric 
contamination in restaurants and community diarrheal disease, there was 
no significant correlation between average cost of meal and the presence 
of enteric bacteria. Future studies include observational and laboratory 
assessments longitudinally and development of public health based 
intervention and education strategies.

1798
FLIPPING THE SWITCH TO ACCURATELY DIAGNOSE 
MALARIA: A COMPARISON OF CLINICAL DIAGNOSIS, RAPID 
DIAGNOSTIC TEST (RDT), MICROSCOPY AND PCR IN THE 
DIAGNOSIS OF MALARIA IN CAMEROON

Kenji O. Mfuh1, Olivia A. Achonduh-Atijegbe2, Rose G. Leke3, 
Diane W. Taylor1, Vivek R. Nerurkar1

1Department of Tropical Medicine Medical Microbiology and Pharmacology 
University of Hawaii, Honolulu, HI, United States, 2Northern Pacific 
Global Health Program, University of Hawaii, Honolulu, HI, United States, 
3Biotechnology Center-University of Yaounde I, Yaounde, Cameroon

Accurate diagnosis of malaria is vital for effective disease management 
and control. In Cameroon, presumptive diagnosis, RDT and microscopy 
are commonly used in malaria diagnosis. However, these methods lack 
sensitivity to detect low grade asymptomatic infections. PCR on the other 
hand permits the detection of sub-microscopic parasitemia that could be a 
potential roadblock as malaria endemic countries progress towards malaria 
elimination. In this study we compared the diagnostic test performance 
of clinical diagnosis, microscopy and RDT against PCR in the diagnosis 
of malaria. Blood samples were collected from 380 febrile children from 
Yaoundé and Maroua, Cameroon between February 2014 and October 
2014 and their files were reviewed at the end of their hospital visit for 
clinical diagnosis of malaria. Microscopy, RDT and PCR based prevalence 
of malaria was 40% (151/380), 56% (213/380) and 63% (239/380), 
respectively. However, 95% (361/380) participants were presumed to 
have malaria based on fever, of which 34% (122/361) were negative by 
PCR and 85% were prescribed quinine. PCR detected 88 and 26 more 
malaria infections than microscopy and RDT, respectively. As compared to 
PCR, the sensitivity of microscopy, RDT and clinical diagnosis was 51%, 
72% and 99%, respectively; however the specificity was 93%, 62%, 
and 3.3%, respectively; positive predictive value was 94%, 88% and 
63%, respectively; negative predictive value was 55%, 38% and 70%, 
respectively. Thus, 34% of cases diagnosed as malaria were actually fever 
cases caused by other pathogens. Eighty-eight (88) sub-microscopic 
infections were identified by PCR in the study population, suggesting 
that PCR may be the best tool for accurate diagnosis and control of 
malaria since the presence of sub-microscopic malaria infections may be 
a potential hindrance towards malaria elimination. The development of a 
rapid PCR based test to diagnose malaria could flip the switch to accurate 
diagnosis, control and elimination agenda of malaria.

1799
IN FIELD ASSESSMENT OF MALARIA RAPID DIAGNOSTIC 
TEST PERFORMANCE BY COMMUNITY HEALTHCARE 
WORKERS

Nora Zwingerman1, Marcela Cancino2, Santiago Ferro2

1University of Toronto, Toronto, ON, Canada, 2Fio Corporation, Toronto, 
ON, Canada

Under ideal conditions, the accuracy of malaria rapid diagnostic tests 
(RDTs) is considered equivalent to routine microscopy. However, in the 
field inaccurate test results may occur because of defective RDTs, human 
processing errors and/or errors reading test results. Data ascertained 
from 9 implementation studies of Fionet system was used to evaluate the 
frequency of these errors during routine use of malaria RDTs by healthcare 
workers. In each study, healthcare workers received training on processing 
RDTs and integrated an automated RDT reader into their point-of-care 
case management. The reader features in-process quality control and 
automated test interpretation for malaria RDTs. In 4 of the 9 studies the 
workers were blinded to device results allowing an evaluation of in field 
reading of test results. In these four studies, a total of 19,212 malaria RDTs 
were processed and had overall agreement of 91.76% (kappa=84.45%). 
A stronger agreement (96.39%; kappa=92.45%) was observed when the 
device had a positive or negative test result, consistent across all studies. 
The discordant results predominantly occurred when the device indicated a 
quality control warning and the user interpreted that RDT. All nine studies 
were used to evaluate the proportion of RDTs with quality control warning. 
The quality control issues were categorized into two main groups: faulty 
RDTs (e.g. no control line, smearing) and human processing errors (e.g. 
incorrect volume or placement of solutions, delayed reading, interpreting 
the wrong RDT). A total of 31,705 tests conducted by 151 healthcare 
workers were analyzed. There were approximately twice as many (~2200) 
human processing errors compared to any other error type. A random-
effects meta-analysis, using Freeman-Tukey transformation, was used to 
estimate the average proportion of errors across users and studies. The 
meta-analyses estimated 7.61% (95% CI: 6.57%, 8.76%) errors due to 
human processing across. RDT brand was associated with the proportion 
of defective RDTs. These errors can jeopardize the accuracy of the results. 
Quality assurance devices would help prevent the use of compromised test 
results.

1800
EFFECTS OF INTRODUCING MALARIA RAPID DIAGNOSTIC 
TESTS IN DRUG SHOPS: FINDINGS FROM THE EVALUATION 
OF A CLUSTER RANDOMIZED TRIAL IN UGANDA

Anthony K. Mbonye1, Pascal Magnussen2, Eleanor Hutchinson3, 
Kristian S. Hansen3, Sham Lal3, Sian E. Clarke4

1Ministry of Health/Makerere University School of Public Health, Kampala, 
Uganda, 2Centre for Medical Parasitology, University of Copenhagen, 
Copenhagen, Denmark, 3ACT Consortium, London School of Hygiene & 
Tropical Medicine, London, United Kingdom, 4London School of Hygiene & 
Tropical Medicine, London, United Kingdom

WHO recommends universal access to malaria diagnosis, encompassing 
all treatment providers, including the private sector. Rapid diagnostic tests 
(mRDTs) provide a feasible means of confirming malaria diagnosis in drug 
shops. As yet, there is limited evidence of the effect of diagnostic testing 
on antimalarial sales and referral practices by drug shops in Africa. A 
cluster-randomised trial to evaluate the impact and cost-effectiveness of 
using mRDTs, compared with presumptive treatment, undertaken in 65 
registered drug shops in Mukono District, Uganda in 2010-12, was one of 
the first investigations of the impact of introducing mRDTs in the private 
retail sector. Analysis of data routinely recorded by drug shop vendors 
(DSVs) during the trial found use of mRDTs in drug shops was highly 
acceptable to both vendors and clients; a finding confirmed by household 
interviews in a random sample of patients. Adherence to mRDT test results 
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by DSVs was high with over 95% of treatment decisions consistent with 
mRDT result, reducing sales of ACTs by 40% compared to drug shops 
using presumptive diagnosis. Validation of DSV treatment decisions by 
expert microscopy demonstrated that mRDT testing substantially improved 
the targeting of ACTs to patients with malaria parasites (72.9% of ACT 
treatments in shops using mRDTs were correctly targeted vs 33.7% in 
shops using presumptive diagnosis, P<0.001). Qualitative and economic 
evaluations amongst drug shop vendors, patients and local health staff, 
conducted alongside the trial, revealed how pre-existing relationships 
between DSVs and their clients, and between DSVs and the wider health 
system shaped the response of drug vendors to the intervention and may 
have contributed to the high adherence to mRDT results. Potential for less 
desirous unintended consequences was also revealed. A synthesis of the 
insights generated by this early ground breaking trial in the retail sector 
will be presented, drawing evidence from across the epidemiological, 
ethnographic and economic investigations conducted as part of the study, 
to illustrate the potential benefits and pitfalls of introducing mRDTs into 
drug shops.

1801
PERFORMANCE OF MALARIA RAPID DIAGNOSTIC TESTS 
FOR SCREENING OF PATIENTS TO BE ENROLLED IN CLINICAL 
TRIALS AND RELATED STUDIES

Deus S. Ishengoma1, Alex Shayo2, Celine Mandara1, Vito Baraka1, 
Rashid Madebe1, Deogratias Ngatunga2, Erasmus Kamugisha3, 
Samuel Gesase1, Esther Ngadaya4, Janneth Mghamba5, Ritha 
Njau6, Renatha Mandike7, Sigsbert Mkude7, Ally Mohamed7, Joram 
Buza2, Martha Lemnge1

1National Institute for Medical Research, Tanga, United Republic of 
Tanzania, 2The Nelson Mandela African Institution of Science and 
Technology, Arusha, United Republic of Tanzania, 3Catholic University 
of Health and Allied Sciences, Mwanza, United Republic of Tanzania, 
4National Institute for Medical Research, Dar es Salaam, United Republic 
of Tanzania, 5Ministry of Health and Social Welfare, Dar es Salaam, 
United Republic of Tanzania, 6World Health Organization Country Office, 
Dar es Salaam, United Republic of Tanzania, 7National Malaria Control 
Programme, Dar es Salaam, United Republic of Tanzania

Malaria rapid diagnostic tests (mRDTs) are widely used for malaria 
diagnosis, but their applicability in clinical trials for patients screening 
and management has not been well assessed. This study assessed the 
performance of mRDTs when used for screening of patients to be enrolled 
in clinical trials and other studies, particularly in areas with progressively 
declining malaria burden. The data was obtained from studies conducted 
at five health facilities (HFs) of Mkuzi and Muheza, Nachingwea, Rubya 
and Ujiji in four districts of Muheza, Nachingwea, Muleba and Kigoma, 
respectively. Patients aged ≥6 months were screened with mRDTs 
followed by microscopy for possible inclusion in clinical trials and other 
studies. The performance of mRDTs was compared with microscopy 
as a gold standard, and factors affecting their accuracy were explored 
using multivariate logistic regression models. Of the 1,914 participants 
screened; 1,188 (62.1%) and 1,019 (53.2%) were positive by mRDTs and 
microscopy, respectively. Parasite positivity rates (by microscopy) were 
higher at all sites (>50.0%) except Nachingwea (with 35.8%). mRDTs 
had high sensitivity (>97% at all sites) while the specificity was relatively 
lower (64.9% - 88.7%). After adjusting for age of patients, fever status 
, site and the study type, the sensitivity of mRDT was significantly higher 
in patients with parasite density ≥4000 asexual parasites/ul (OR=6.30, 
p=0.003). The specificity of mRDT was lower (64.9 - 87.7% ) and similar 
at all sites even after adjusting for the effects of fever status and age of 
participants (p≥0.525), except at Muleba and Ujiji where the specificity 
was significantly lower (p≤0.007) due to high rates of false positive mRDT 
results. In conclusion, the high sensitivity of mRDTs indicate that they can 
be useful for screening to exclude majority of the patients without malaria 
and save time and other resources which would be used for microscopy. 

Due to low specificity which could lead to enrolment of patients without 
malaria parasites, mRDTs should only be used for initial screening and all 
positive cases must be confirmed with microscopy.

1802
A NON-AMPLIFICATION, OLIGONUCLEOTIDE-BASED 
SANDWICH HYBRIDIZATION ASSAY FOR THE DETECTION OF 
PATHOGENS IN BLOOD

Bryan Grabias, Sanjai Kumar
Food and Drug Administration, Silver Spring, MD, United States

Novel technologies for the sensitive and reliable detection of infectious 
agents in blood are still needed. While the standard method of nucleic 
acid-based pathogen detection generally relies on PCR amplification 
of target DNA or RNA, complex genome sequences can be resistant 
to amplification, due to factors such as secondary or tertiary structure, 
and the potential for nonspecific amplification or sample interference 
could result in false positive or false negative results. Here, we describe 
a novel nanoparticle-based sandwich hybridization assay (SHA) for the 
detection of Plasmodium falciparum and Babesia microti parasites 
without the need for amplification of target sequences in genomic DNA. 
A uniquely identifiable “barcoded” magnetic microbead and biotinylated 
silica nanoparticle are conjugated to either P. falciparum- or B. microti-
specific 30-mer oligonucleotides corresponding to sequences of the 18S 
ribosomal gene. For each parasite, the magnetic microbead and silica 
nanoparticle bead sets hybridize to a unique but adjacent region in the 
genome. Parasite burden can then be quantified and analyzed upon the 
binding of an Avidin-PE fluorophore to the target capture complexes via 
a Bio-Plex 200 instrument. Determination of the analytical sensitivity of 
the SHA for short complementary oligonucleotide sequences revealed a 
limit of detection of 10-10 M for both P. falciparum and B. microti probe 
sets. Analytical sensitivity studies conducted by spiking human blood 
with known counts of parasites revealed that SHA can reliably detect up 
to 10 P. falciparum- or B. microti-infected red cells per mL of blood. 
For comparison, in our hands PCR can detect 100 P. falciparum- or 
1000 B. microti-infected red cells per mL of spiked blood. Thus, SHA 
offers a 10-100 fold enhanced sensitivity for the detection of these two 
intraerythrocytic parasites of global public health significance. Studies 
to determine the clinical sensitivity of SHA for these pathogens are in 
progress. Details of the method development and sensitivity and specificity 
data will be presented.

1803
AUTOMATED DETECTION OF MALARIAL RETINOPATHY FOR 
HIGHLY SPECIFIC DIAGNOSIS OF CEREBRAL MALARIA

Vinayak Joshi1, Carla Agurto1, Sheila Nemeth1, Eduardo Simon 
Barriga1, Peter Soliz1, Ian MacCormick2, Terrie Taylor3, Susan 
Lewallen4, Simon Harding2

1VisionQuest Biomedical LLC, Albuquerque, NM, United States, 2University 
of Liverpool, Liverpool, United Kingdom, 3Michigan State University, 
East Lansing, MI, United States, 4Kilimanjaro Centre for Community 
Ophthalmology, Cape Town, South Africa

Cerebral malaria (CM) is a lethal clinical syndrome that claims the lives of 
about 584,000 people annually, 75% of whom are African children. As 
many as 23% of these cases are misclassified when the standard clinical 
case definition for CM is used. When malarial retinopathy (MR) detection 
is included in the case definition, the specificity and positive predictive 
value (PPV) of the CM diagnosis is greatly increased, and other causes of 
coma can be sought in patients who are retinopathy-negative. Detection 
of MR currently requires expensive equipment and well-trained personnel 
and is thus limited only to research settings in malaria-endemic areas in 
Africa. We used retinal images from 175 Malawian pediatric patients with 
MR, captured using a Topcon 50-EX camera to develop and test software 
algorithms for detecting the presence of MR, and of its associated retinal 
lesions. Performance assessment was made against manual image grading 
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as the reference standard. The software achieved specificity of 100% 
and sensitivity of 95% for MR detection. The individual specificities for 
detecting retinal abnormalities associated with MR were 91% for retinal 
whitening, 100% for vessel discoloration, and 96% for white-centered 
retinal hemorrhages. The system also detects papilledema, a condition 
associated with death due to raised intracranial pressure, with 100% 
sensitivity and 81% specificity. The proposed MR detection system can 
improve the PPV for diagnosis of CM from 68% (using current clinical 
standard) to 98%. Our MR detection system integrates a low-cost and 
portable retinal imaging camera with software developed to detect MR. 
This system is designed to be used by non-ophthalmic personnel with 
minimal training in low-resource clinical environments.

1804
LOT TESTING OF MALARIA RAPID DIAGNOSTIC TESTS: 
ACHIEVEMENTS AND LESSONS LEARNED FROM A SEVEN 
YEARS-LONG EXPERIENCE

Sandra Incardona1, Jennifer Luchavez2, Sina Nhem3, John 
Barnwell4, Nora Champouillon1, Peter Chiodini5, Christian Anthony 
Luna2, Didier Ménard3, Rathana Meth3, Roxanne Rees-Channer5, 
Johanna Beulah Sornillo2, David Richard Bell6, Jane Cunningham7, 
Iveth Jimena Gonzalez1
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Diseases, London, United Kingdom, 6Intellectual Ventures, Seattle, WA, 
United States, 7World Health Organization, Geneva, Switzerland

Malaria Rapid Diagnostic Tests (RDTs) have played a key role in fever case 
management since the 2010 WHO recommendation that every suspected 
malaria case should be confirmed by parasitological diagnosis before 
treatment. Sales of RDTs have increased from 46 million in 2008 to 319 
million in 2013. The wide range of commercially available products, 
with variable quality reported in field studies, led to the creation of the 
WHO-FIND Malaria RDT Evaluation Programme that aims at providing 
independent comparative performance data to guide procurement 
(Product Testing) and comprehensive lot verification prior to deployment 
in countries (Lot Testing). The Lot Testing Programme specifically, with 
its two reference laboratories in Cambodia and the Philippines, has 
provided quality data for more than 3600 RDT lots since 2007. RDTs are 
tested against frozen blood samples collected from malaria patients, 
standardized at 200 parasites per microliter of blood. The observed mean 
failure rate of 1.85% is notably low, reflecting the fact that Lot Testing is 
mainly requested by large funding/procurement agencies selecting only 
products meeting the WHO recommended minimum performance criteria 
for procurement. The number of lots tested annually has increased from 
59 to 927 in the last 7 years, with the 2014 testing volume covering an 
estimated 210 million RDTs, equivalent to 66% of the RDT market. Lot-
tested RDTs were distributed in 48 countries, with 88% of RDTs destined 
for sub-Saharan Africa. Lot Testing informs not only parasite detection 
but also may reveal RDT anomalies, such as red background, incomplete 
clearing, or problems with kit accessories. The reporting of issues observed 
on single-use buffer vials in particular has triggered the release of an 
Information Note to Users by the WHO and field corrective actions by RDT 
manufacturers. The Lot Testing Programme plays a key role in encouraging 
manufacturers to maintain the required level of quality from lot to lot. 
Work is now underway to transition to a decentralized self-funding 
system, and build local capacity in 12 pilot countries for lot testing in 
national reference laboratories.

1805
CONDITIONS THAT LEAD TO POLYANDROUS BEHAVIOR IN 
THE YELLOW FEVER MOSQUITO AEDES AEGYPTI

Ethan C. Degner, Laura C. Harrington
Cornell University, Ithaca, NY, United States

Upon insemination, Aedes aegypti females receive seminal fluid proteins 
from males that render them refractory to subsequent mating. This 
response is often assumed to be immediate, complete, and lifelong. 
Nonetheless, several studies have found that polyandry can occur in Ae. 
aegypti, but little attention has been paid to the circumstances that result 
in polyandry. This promiscuity could have far-reaching implications. For 
example, polyandrous behavior could hinder inundative release strategies, 
which often rely on the assumption of monandry. To our knowledge, no 
study has determined the timing of the onset of refractoriness, and the 
degree to which monandry is maintained over time remains unresolved. 
By using males with fluorescently labeled sperm to identify polyandrous 
females, we determined how soon females become refractory to 
additional inseminations and how this refractoriness wanes as females 
age. We also determined the reproductive success of first and second 
males under these circumstances. This study clarifies the role of polyandry 
in the mating system of this important vector and will ultimately guide 
vector control strategies, predictive models, and experimental design.

1806
HUMAN ADAPTATION TO CLIMATE CONTRIBUTES TO AEDES 
AEGYPTI ABUNDANCE IN THE SOUTHERN MARGINS OF ITS 
AUSTRALIAN DISTRIBUTION

Brendan Trewin1, Jonathan Darbro2, Myron Zalucki3, Greg 
Devine2, Cassie Jansen4, Nancy Schellhorn1

1CSIRO, Brisbane, Australia, 2QIMR Berghofer, Brisbane, Australia, 
3University of Queensland, Brisbane, Australia, 4Queensland Health, 
Brisbane, Australia

The dengue vector Aedes aegypti has been identified in new areas south 
of the species’ core Australian distribution. It has been hypothesized 
that an expansion by Ae. aegypti into these regions would require 
large water bodies that buffer extremes in temperature and humidity. As 
part of the human response to drought in the early 2000s, government 
rebates were offered on large water storage containers such as rainwater 
tanks (RWT). The installation of over 200,000 RWT has resulted in new 
habitats for container-breeding mosquitoes throughout the region. Surveys 
have demonstrated that RWT are key containers for mosquito breeding, 
however little is known about the role RWT play in vector abundance in 
cool and dry range margins. The current study was designed to investigate 
how RWT can contribute to a localized population of Ae. aegypti. To 
do this we divided the urban landscape into three categories: premises 
with an exposed RWT, those with a sealed RWT and those with no RWT. 
Ovitraps and Gravid Aedes Traps (GAT) were used to measure adult 
population abundance. Traps were retrieved and reset fortnightly for ten 
weeks, and eggs were counted and reared to fourth instar for counting 
and identification after each collection. Inspections of study site and 
surrounding premises documented characteristics of house construction 
and surrounding urban environment. A multivariate time-series analysis 
will be performed to examine the effect of the predictor variables on each 
of the response variables at the scale of the study premises and the study 
premises plus their neighbours. Results will be presented. Our results show 
the effect that exposed RWT have on the abundance of Ae. aegypti 
when compared with a sealed RWT or no RWT present. The current 
trend of water storage in Australia is similar to a century ago, when Ae. 
aegypti was present and dengue epidemics occurred. Likewise, similar 
rebate schemes and drought conditions in the United States are increasing 
the number of large water containers in urban environments, and could 
provide a potential new habitat for the establishment of Ae. aegypti and 
other disease vectors.
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1807
EXPLORING HOST ORIENTED FLIGHT AND SPATIAL ASPECTS 
OF INDOOR MOVEMENT OF ANOPHELES GAMBIAE USING 
INFRA-RED VIDEO TRACKING

Josephine E. Parker1, Natalia Angarita-Jaimes2, Matthew Hall2, 
Maurane Riesen1, Fabian Mashauri3, Jackline Martine3, Catherine 
E. Towers2, David Towers2, Philip J. McCall1
1Liverpool School of Tropical Medicine, Liverpool, United Kingdom, 
2Optical Engineering Group, School of Engineering, University of Warwick, 
Coventry, United Kingdom, 3National Institute for Medical Research, 
Mwanza, United Republic of Tanzania

Fundamental to security and shelter, the human home is exploited by 
many parasitic arthropods, including many vectors of malaria that spend 
the majority of their adult life bloodfeeding or resting in this environment. 
Successful vector control methods like indoor residual spraying (IRS) 
and long-lasting insecticide-treated bednets (LLINs) exploit this behavior. 
Though central to malaria reduction and elimination plans worldwide, 
they have limitations with a further serious threat presented by rapidly 
emerging insecticide resistance. Identifying possible routes to improve 
control of nocturnal indoor transmitted malaria is a recognized priority. 
We investigated spatial activity of African Anopheles sp. during nocturnal 
host orientation to human subjects, within or without LLINs, using a video 
system to track flight activity of multiple mosquitoes at high resolution 
over periods of 60 minutes or more. In tests exploring responses to 
human-occupied LLINs carried out in a hut in rural Tanzania, behavior of 
local An. arabiensis populations was remarkably similar to An gambiae 
s.s. Kisumu strain mosquitoes tested in the same environment and as 
previously reported in our laboratory tests. In the absence of a bed net, 
approach, landing and biting activity of An. gambiae s.s. at unprotected 
human hosts revealed consistent spatial behaviors during approach 
and departure from the host, most likely in response to thermal and 
odor cues emanating from the supine human host. We used a different 
video-tracking system incorporating retro-reflective screens to obtain 3D 
flight tracks of An. gambiae as they approached and entered through 
a ‘window’ in response to a human host, in the laboratory. Analysis of 
flight trajectories provided evidence that trajectories passing through the 
window showed consistent patterns in flight elevation change during 
room entry and exit. The value of these and related studies on the spatial 
aspects of mosquito behavior in the domestic environment is considered in 
terms of its contribution to basic knowledge of vector biology and to the 
search for new vector control tools and strategies.

1808
POSITIVE AND NEGATIVE EFFECTS OF WOLBACHIA 
INFECTION ON ARBOPATHOGEN TRANSMISSION

Jason Rasgon1, Brittany Dodson1, Laura Kramer2, Grant L. 
Hughes3

1Pennsylvania State University, University Park, PA, United States, 
2Wadsworth Center, Albany, NY, United States, 3University of Texas 
Medical Branch, Galveston, TX, United States

In field trials across the globe, a revolutionary experiment in vector-borne 
disease control is underway. Artificial Wolbachia infections have been 
shown to render mosquitoes resistant to transmission of many human 
pathogens. Wolbachia-infected mosquitoes are currently being released in 
multiple countries in an attempt to control dengue virus. However, it has 
become clear that Wolbachia infection does not always lead to pathogen 
suppression in insects. Multiple studies in a wide variety of vector and 
non-vector insect species suggest that Wolbachia can enhance certain 
parasites and viruses in arthropods; a sobering reminder that the pathogen 
inhibitory effects resulting from Wolbachia infection in some insects 
cannot and should not be generalized across vector-pathogen systems. 
I will present mechanistic data demonstrating how Wolbachia can act 
directly or indirectly to cause enhancement or suppression of vector-borne 
pathogens. Understanding the specific mechanisms leading to pathogen 

enhancement and suppression is critical for identifying systems where 
Wolbachia-based control is likely to succeed, for identifying potential 
points where Wolbachia-based control is likely to break down and fail 
in the field, and for planning risk mitigation strategies in the case of 
unforeseen harmful outcomes.

1809
A CROSS-OVER STUDY TO EVALUATE THE DIVERSION OF 
MALARIA VECTORS IN A COMMUNITY WITH INCOMPLETE 
COVERAGE OF SPATIAL REPELLENTS IN THE KILOMBERO 
VALLEY, TANZANIA

Marta F. Maia1, Katharina Kreppel2, Deogratius Roman3, Valeliana 
Mayagaya3, Emanuel Simfukwe3, Neil Lobo4, Amanda Ross1, Sarah 
Moore1

1Swiss Tropical and Public Health Institute, Basel, Switzerland, 2University 
of Glasgow, Glasgow, United Kingdom, 3Ifakara Health Institute, 
Bagamoyo, United Republic of Tanzania, 4University of Notre Dame, Notre 
Dame, IN, United States

Malaria elimination is unlikely to occur if vector control campaigns rely 
entirely on treated bed-nets and indoor residual spraying. There is a need 
for vector control tools that address vectors that bite outside sleeping 
hours. Spatial repellents may be able to fill this gap. However it is unclear 
if malaria vectors will be diverted from households that use spatial 
repellents to those that do not. The present study was performed for 
a period of 24 weeks in rural Tanzania. A total of 90 households were 
recruited and a cross-over design was used to measure the density of 
resting and blood-engorged mosquitoes in 3 coverage scenarios using 
0.03% transfluthrin coils: 1) no coverage; 2) complete coverage and; 
3) incomplete coverage. Human blood index of each malaria vector 
species was calculated for each scenario. Human landing collections were 
performed and vector biting times were recorded. The main vectors were 
found to be Anopheles arabiensis and Anopheles funestus s.s.. Both 
species fed outdoors, outside sleeping hours and on humans as well as 
animals. Data from human landing catches showed that the repellent 
coils reduced the number of An arabiensis by 80% but did not reduce 
the number of host seeking An. funestus, this may be due to potential 
development of pyrethroid resistance which has been documented in 
the area. The repellent coils did not reduce indoor and outdoor resting 
densities of Anophelines nor cause a shift in the human blood index. 
No diversion of malaria vectors was measured. On the other hand, the 
spatial repellent coils reduced the household densities of Culex spp. by 
26%, and contributed to 19% diversion of Culex spp. to non-repellent 
users. There is strong evidence that large proportion of malaria exposure 
is not controlled by the current vector control strategy in the Kilombero 
Valley. The use of 0.03% transfluthrin coils in this area is unlikely to result 
in malaria reduction since much biting occurred in the morning after 
coils had gone out. The behavioural responses of pyrethroid resistant 
mosquitoes and Anopheles funestus to spatial repellents needs to be 
further investigated given the increasing importance of this vector in the 
area.

1810
INSECTICIDES AND POLLUTION EXERT STRONG SELECTION 
ON NEW CRYPTIC SUBGROUPS OF ANOPHELES GAMBIAE

Colince Kamdem, Caroline Fouet, Stephanie Gamez, Bradley J. 
White
University of California Riverside, Riverside, CA, United States

Ongoing ecological adaptation and lineage splitting within the Afrotropical 
malaria vector Anopheles gambiae s.l. has the potential to mitigate 
the effectiveness of both traditional and novel vector control tools. 
We explored the population structure and identified targets of natural 
selection in 888 individuals of this species complex collected from 
contrasting environments. We provide evidence for clear subdivisions 
within the two sister taxa An. coluzzii and An. gambiae sensu stricto. 
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Genome scans of all the new cryptic subgroups reveal pervasive signatures 
of strong selection around genes involved in metabolic or target-site 
resistance to insecticides. Notably, a selective sweep containing at least 
eight detoxification enzymes contributes to local adaptation of urban 
subgroups that thrive in polluted breeding sites. Our results show that 
human-induced selection can play a prominent role in driving mosquito 
population differentiation during the early stages of adaptive evolution 
with potentially dire consequence for malaria control.

1811
DIRECT, HOUSEHOLD-LEVEL EFFECTS OF SPATIAL 
REPELLENTS FOR DENGUE CONTROL - A MODELING 
ASSESSMENT

Quirine A. ten Bosch1, Nicole L. Achee1, John P. Grieco1, Neil F. 
Lobo1, Amy C. Morrison2, Robert C. Reiner Jr.3, Thomas W. Scott2, 
Steven T. Stoddard2, Alex P. Perkins1

1University of Notre Dame, Notre Dame, IN, United States, 2University 
of California, Davis, CA, United States, 3Indiana University Bloomington, 
Bloomington, IN, United States

In the absence of effective drugs or vaccines, efforts to control and prevent 
dengue currently rely on interventions acting on the mosquito vector, 
Aedes aegypti. Thus, there is need for the development of new, broadly 
applicable vector control tools to augment the currently available options. 
Studies to date have shown that spatial repellents (SR) have the potential 
to reduce malaria transmission, but their impact on other vector-borne 
diseases, such as dengue, is uncertain. To make accurate quantitative 
projections of its epidemiological impact, a crucial need is to enhance the 
understanding of the mechanisms of action underlying its epidemiological 
impact. SR products could potentially impact multiple components of 
vectorial capacity (VC), a classical metric that relates different aspects 
of mosquito life history to transmission potential. VC however, relies on 
the assumption that each individual has an equal probability of being 
bitten. The effects of SR on mosquito movement and biting behavior 
explicitly violate this assumption by potentially causing a reduction as well 
as a redistribution of bites. This impedes the use of VC in this context. 
Individual-based models (IBM) are free from key simplifying assumptions 
of the classical formulation of VC and thus offer an opportunity to 
explore the epidemiological impact of SR on dengue transmission in a 
more realistic way. We present a novel adaptation of an IBM for dengue 
transmission in Iquitos, Peru, to simulate fine-scale heterogeneities in 
transmission, as informed by extensive entomological and epidemiological 
data. SR effects on movement, biting behavior, blood feeding and 
oviposition are incorporated in the model using probabilistic descriptions 
fit to data from laboratory experiments and experimental hut studies under 
natural field conditions in disease-endemic settings. We highlight the key 
factors that underlie the discrepancy between projections from the IBM 
and VC and demonstrate a positive effect of SR on reducing transmission 
at the household level. The results from this simulation study warrant 
further testing and assessment of SR products on a population level.

1812
REVERSE MOLECULAR EPIDEMIOLOGY: INSIGHTS INTO 
THE INFECTION DYNAMICS OF BLOOD-BORNE HUMAN 
PARASITES IN A LOA LOA-, MANSONELLA PERSTANS- 
AND PLASMODIUM FALCIPARUM-ENDEMIC REGION OF 
CAMEROON

Papa M. Drame1, Celine Montavon2, Sebastien Pion2, Michael 
Fay1, Joseph Kubofick1, Thomas B. Nutman1

1National Institute of Allergy and Infectious Diseases, Bethesda, MD, 
United States, 2Institut de Recherche pour le Developpement, Montpellier, 
France

Interactions among co-infecting parasites can modify the epidemiology 
of parasitic infections. We conducted an epidemiologic assessment of 

prevelances and infection intensities of (co)-infections with Loa loa 
(Ll), Mansonella perstans (Mp), Wuchereria bancrofti (Wb) and 
Plasmodium falciparum (Pf) in 8 villages of eastern Cameroon using 
highly sensitive and specific quantitative PCR (qPCR) for multiple parasites 
on archived dried blood spots (20 ul whole blood equivalent per 6mm 
spot per individual). Resident populations (n=1,144; age range: 2-90 
years old) were parasitized with Mp (76%), Ll (38%) and Pf (33%), 
but not with Wb. Co-infections (49%) were more common than single 
infections (40%), with 21% having Ll and Mp, 3% with Ll and Pf, 15% 
with Mp and Pf, and 10 % with Ll, Mp and Pf. Interestingly, those with 
all three infections (Ll/Mp/Pf) had significantly higher Ll microfilariae (mf) 
counts than either single Ll (P=0.01) or double Ll/Mp (P=0.03) and Ll/
Pf (P=0.05) infected individuals. The estimated counts of Ll mf were 
positively correlated with the intensities of Mp mf (Regression coefficient 
=1.43; P<0.0001). Population assessments at the community level showed 
that despite Mp and Ll both having overdispersed distributions -typical 
of most filarial infections - the population dynamics of Ll showed much 
greater overdispersion than did Mp. These data suggest a possible shared 
host susceptibly to Ll and Mp infection and also provide a method we 
are terming “reverse molecular epidemiology” that should be broadly 
applicable to many environmental niches containing infectious organisms 
for which molecular targets are defined.

1813
THE PREVALENCE OF LYMPHATIC FILARIASIS RELATED 
HYDROCELE, LYMPHEDEMA AND INFECTION IN MANDALAY 
REGION, MYANMAR

Benjamin F. Dickson1, Patricia M. Graves1, Ni Ni Aye2, Thet Wai 
Nwe2, San San Win3, Janet Douglass1, William J. McBride1

1James Cook University, Cairns, Australia, 2Ministry of Health, Naypyitaw, 
Myanmar, 3World Health Organization, Yangon, Myanmar

Lymphatic filariasis (LF) is highly endemic within Myanmar. Despite the 
establishment of an elimination programme in 2004, little remains known 
about the prevalence of LF related morbidity in the country. We therefore 
conducted a cross-sectional survey to determine the prevalence of LF 
infection and morbidity and their associated risk factors in 24 randomly 
selected villages in four endemic townships within the Mandalay region 
of Myanmar - Amarapura, Patheingyi, Tada-U and Wundwin - between 
February and March 2015. Within each village, twenty households were 
randomly chosen for inclusion. Household members one year and older 
were tested for antigenemia with rapid immunochromatographic card 
tests (ICT). A night-blood slide was done for those with positive ICT results 
to quantify microfilaremia. Ultrasound assisted clinical examination was 
done on household members 15 years and older for signs of LF-related 
morbidity. Household questionnaires and GPS mapping were completed 
for risk factor analysis. Of those tested with ICT in 414 households, 45 of 
1018 individuals (4.4%, 95% confidence interval (CI) 3.2 to 5.9%) were 
positive. ICT antigenemia was highest in Amarapura (32/294, 10.9%, 
95% CI 7.6 to 15.0%) followed by Tada-U (8/267, 3.0%, 95% CI 1.3 
to 5.8%), Wundwin (4/343, 1.2% 95% CI 0.3 to 3.0%) and Patheingyi 
(1/114, 0.9%, 95% CI 0.02 to 4.8%). Eighteen of the 289 males (99% 
of those eligible for scrotal examination) had hydroceles (6.2%, 95% 
CI 3.7 to 9.7%). Thirteen were unilateral and five were bilateral. Of the 
23 hydroceles, 14 were stage one, seven were stage two and two were 
stage three. No cases of limb lymphedema or elephantiasis were found 
in the 827 individuals examined (0%, 97.5% one-sided CI 0 to 0.4%). 
The results of this study indicate a high prevalence of LF infection and 
hydrocele with low levels of limb lymphedema in the Mandalay Region 
of Myanmar. These results highlight the strong need for further rounds 
of mass drug administration as well as targeted surgery and morbidity 
alleviation programmes in the region. Further LF morbidity prevalence 
studies are needed to elucidate the burden in the remainder of the 
country.
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1814
PROGRESS TOWARD ELIMINATION OF LYMPHATIC 
FILARIASIS IN HAITI: PRE-TRANSMISSION ASSESSMENT 
SURVEY ACTIVITIES

Abdel Direny1, Luccene Desir2, Franck Monestime3, Carl Fayette3, 
Jean Frantz Lemoine4

1IMA World Health, Washington, DC, United States, 2University of Notre 
Dame/Hospital St. Croix, Leogane, Haiti, 3IMA World Health, Port au 
Prince, Haiti, 4Programme National de Malaria et de Filariose Lymphatique 
(PNCM), MSPP, Port au Prince, Haiti

Lymphatic filariasis (LF) is one of the world’s most debilitating parasitic 
diseases; worldwide 120 million people are believed be infected with 
LF. In Haiti, 11 million people are at risk for LF and the disease remains a 
serious public health problem. The Ministry of Health aims to eliminate LF 
by 2020, through annual MDA with albendazole and diethylcarbamazine 
citrate (DEC). MDA started initially in the areas of highest endemicity 
called “red zones,” where Immunochromatographic (ICT) test positivity 
among school children was 10-45% when mapped in 2000. Despite a 
number of critical challenges, including the low level of public health 
infrastructure, loss of donor funding, and the 2010 earthquake, which 
disrupted health services throughout the country, the Haiti NTD Program 
has scaled up progressively. Since 2012, the program has achieved 100% 
geographic coverage, with reported and surveyed coverage well above 
the 65% target for disease elimination. In order to assess the program’s 
readiness for transmission assessment surveys (TAS), blood specimens were 
collected to detect W. bancrofti infection among persons aged ≥2 years. 
Twenty sentinel and spot check sites were chosen to represent 52 endemic 
districts; all sampled districts had completed at least 5 consecutive MDA 
rounds. At each site, approximately 500 samples were taken and tested 
using ICT. Results showed a significant reduction of filarial infection: 40% 
of the “red zones” had ICT prevalence of <2% and 48 endemic districts 
qualified for TAS to determine if transmission has been interrupted. The 
remaining 4 districts, which had ICT positivity between 31-39% when 
mapped, now have ICT positivity of 2.35-6.5%. While not yet eligible 
for TAS, these districts demonstrate a significant reduction in LF infection 
after 6 rounds of MDA. The Haiti NTD Program is optimistic that these 
districts will be eligible for TAS after two more MDA rounds. The program 
has made tremendous progress towards LF elimination in spite of multiple 
challenges. Haiti expects to reach the 2020 goal to eliminate LF; one of the 
greatest achievements for the poorest country in the Caribbean.

1815
A COMMUNITY STUDY OF THE IMPACT OF SEMIANNUAL 
ALBENDAZOLE ON LYMPHATIC FILARIASIS IN CENTRAL 
AFRICA

Sebastien D. Pion1, Cédric B. Chesnais1, François Missamou2, 
Gary J. Weil3, Michel Boussinesq1

1Institut de recherche pour le Développement, Montpellier, France, 
2Ministère de la santé et de la population, Brazzaville, Republic of the 
Congo, 3Washington University School of Medicine, Saint Louis, MO, 
United States

Implementation of mass drug administration (MDA) with ivermectin plus 
albendazole (Alb) for lymphatic filariasis (LF) has been delayed in Central 
Africa, because ivermectin can induce serious adverse events in people 
with very high Loa loa microfilaremia . Albendazole has activity against 
Wuchereria bancrofti, and it is safe for use in patients with loiasis. In 
2012, the WHO recommended use of Alb MDA together with vector 
control to combat LF in areas with co-endemic loiasis. In September 2012, 
we started a 3-year community trial of semi-annual Alb alone on LF in a 
village with a population of 1055 in Madingou District in the Republic of 
Congo. Infection with W. bancrofti was diagnosed using the Binax Now 
Filariasis card test (ICT) for antigenaemia; persons with positive card tests 
were tested for microfilaraemia (Mf) by night blood smears. We are now 

presenting results from 24 months, and the final 36 month results will be 
presented at the meeting. Therapeutic coverage for the population aged 
>2 years was >80% in all four treatment rounds. Baseline results from 773 
subjects aged ≥5 years old revealed a filarial antigenaemia rate of 17.3% 
and a Mf rate of 5.3%. Evaluation at 24 months (697 tested) showed 
dramatic reductions in ICT and Mf rates (6.3% and 1.4%, respectively). 
Mf counts were reduced by 86.3% from baseline values (geometric 
mean decrease from 202.2 to 27.7 mf/ml, P = 0.01), and total clearance 
of microfilaraemia was achieved in 71% of those individuals who were 
microfilaraemic in 2012. We are currently conducting a parallel trial in 
an area with higher baseline infection rates (31.6% for antigenemia and 
11.8% for microfilaremia) in the Democratic Republic of Congo, and 12 
month results from that study will be presented at the meeting. These 
studies will provide strong evidence regarding the use of semiannual MDA 
with Alb for elimination of LF in central Africa.

1816
HIGHLIGHTING HIGH LYMPHATIC FILARIASIS TRANSMISSION 
AREAS USING AN SMS REPORTING TOOL: A MORBIDITY 
MAPPING SURVEY IN DAR ES SALAAM

Upendo Mwingira1, Maria Chikawe1, Cecelia Uisso1, Irene 
Mremi1, Wilfred Lazarus1, Alpha Malishee1, Mwelecele Macelela2, 
Charles Mackenzie3, Hayley Mableson3, Louise A. Kelly-Hope3, 
Michelle C. Stanton3

1Ministry of Health and Social Welfare, Dar es Salaam, United Republic of 
Tanzania, 2National Institute of Medical Research, Dar es Salaam, United 
Republic of Tanzania, 3Liverpool School of Tropical Medicine, Liverpool, 
United Kingdom

The Tanzania Lymphatic Filariasis (LF) Elimination program was launched 
in 2000 with the aim of distributing Ivermectin and Albendazole to 
LF endemic populations. The program, which is now integrated with 
other neglected tropical diseases (NTDs), covers 107 districts, and LF 
prevalence is now showing signs of decreasing. There is however limited 
information on the number of people with clinical symptoms of LF 
i.e. lymphedema and hydrocele cases in Tanzania. This information is 
required for better planning of morbidity management in the country. 
The national NTD control program, in collaboration with Liverpool School 
of Tropical Medicine, conducted a morbidity survey in March 2015, in 
Temeke municipality, Dar es Salaam (population 1.5 million). The survey 
was conducted using a bespoke SMS reporting tool, MeasureSMS, which 
enabled survey data summaries to be viewed instantaneously through 
a web browser, and downloaded for further analysis. During the survey, 
community drug distributors visited every house in their designated 
catchment area, and recorded information on each lymphedema and 
hydrocele case identified using a paper form. These forms were collated by 
supervising front line health workers, who then reported the information 
by SMS to the local phone number allocated to the MeasureSMS tool. 
Progress was monitored by the national NTD control program throughout 
the survey using a webpage, and by directly downloading the reported 
SMS messages to check for missing reports. For data quality assurance, a 
random subset of reported cases were visited, and their conditions verified. 
A total of 2547 patients were identified; 987 of patients had lymphedema 
cases, 1743 had hydrocele, of these 183 had both conditions. Verification 
is ongoing and will be completed in May 2015. To date, 28 reported 
hydrocele cases have been verified, of which 88% (25/28) were confirmed 
to have the condition. Given the high reported morbidity burden in 
this area, it is now vital that services such as hydrocele surgery and 
lymphedema management are made accessible to the affected population.
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1817
MICRO-MAPPING DISTRIBUTION POINTS, RISK POPULATIONS 
TO TREATMENT NUMBERS TO MAXIMIZE COVERAGE TO 
IMPACT OF MASS DRUG ADMINISTRATION FOR LYMPHATIC 
FILARIASIS IN URBAN DAR ES SALAAM, TANZANIA

Upendo Mwingira1, Maria Chikawe1, Cecilia Uisso2, Irene 
Mremi2, Wilfred Lazarus2, Alpha Malishee2, Mwelecele Malecela3, 
Joan Fahy4, Michelle Stanton4, Hayley Mableson4, Louise Kelly-
Hope4

1Neglected Tropical Diseases Control Programme - National Institute for 
Medical Research, Dar es Salaam, United Republic of Tanzania, 2Neglected 
Tropical Diseases Control Programme, Dar es Salaam, United Republic of 
Tanzania, 3National Institute of Medical Research, Dar es Salaam, United 
Republic of Tanzania, 4Liverpool School of Tropical Medicine, Liverpool, 
United Kingdom

The large rapidly growing urban centre of Dar-es-Salaam in Tanzania 
has a significant risk of lymphatic filariasis (LF), which is transmitted by 
Culex spp. mosquitoes that thrive in human domestic environments. Prior 
to the recent scale up of mass drug administration (MDA) to interrupt 
transmission, the overall LF infection rate was estimated to be 10%, with 
young adult males, and informal and peri-urban areas at a significantly 
higher risk of infection than other sub-groups and areas. In order to 
improve MDA coverage rates to those at greatest risk, this study aimed 
to map and examine the spatial patterns of the MDA distribution points, 
risk populations, and treatments numbers across the three districts of 
the city with an estimated 4.4 million population at risk. Environmental 
assessments were also conducted to identify characteristics of low 
coverage areas, and the specific factors that may place sub-groups at 
higher risk of infection, including potential breeding sites of Culex spp.. 
In Temeke district 73 distribution points reported an average coverage of 
149%, in Kinondoni district 105 distribution points reported an average 
coverage of 105% and in Ilala district 63 distribution points reported 
an average coverage of 101%. Coverage throughout the three districts 
ranged from 9% (~10 times under) to over 1000% (~10 times over) 
at specific locations. These excessive coverage values are indicative of 
population movement both within and into the city. The great variation 
and distinct spatial patterns found at a micro level suggest that urban 
populations move dramatically within small geographical areas, as well as 
at different rates across the different areas of the city, thus making MDA 
implementation and reaching high coverage challenging. This study takes 
one important step forward to better understanding and being able to 
predict the problem areas in a highly dynamic and densely populated city. 
This is critical and will help the LF Programme to specifically target and 
increase human resources, training, social mobilisation to where they are 
needed most.

1818
MULTIPLE IVERMECTIN DOSES ARE MACROFILARICIDAL: 
IMPLICATIONS FOR THE ELIMINATION OF ONCHOCERCIASIS

Martin Walker1, Sébastien D. Pion2, Hanwei Fang3, Thomas 
S. Churcher1, Jacques Gardon4, Joseph Kamgno5, Maria-Gloria 
Basáñez1, Michel Boussinesq2

1Imperial College London, London, United Kingdom, 2Université de 
Montpellier, Montpellier, France, 3University of Oxford, Oxford, United 
Kingdom, 4IRD, La Paz, Plurinational State of Bolivia, 5University of 
Yaounde, Yaounde, Cameroon

The predominant strategy for achieving the World Health Organization’s 
control and elimination goals for human onchocerciasis is based on mass 
drug administration (MDA) with ivermectin. The feasibility of achieving 
these goals crucially depends on the long-term effects of multiple doses 
of ivermectin on the long-lived  Onchocerca volvulus filarial nematode, 
which causes onchocerciasis. A single dose of ivermectin rapidly kills the 
microfilariae while also exerting a temporary sterilization (embryostatic) 

effect on the female adult worms (macrofilariae). Multiple doses of 
ivermectin are thought to cause a cumulative effect on macrofilariae 
manifesting either as permanent reductions in fecundity or a shortened 
life-span. These assumptions have been incorporated into mathematical 
models to support elimination efforts. Yet, for decades the nature of 
this presumed cumulative action has avoided rigorous investigation 
because scarce longitudinal data on macrofilariae have not been 
interrogated with suitably powerful analytical techniques. Here, we 
analyse data on the fecundity and vitality of female worms from the most 
comprehensive clinical trial of multiple doses of ivermectin treatment 
(comparing 3-monthly with annual treatment rounds administered during 
three years in Cameroon) using a recently developed state-of-the-art 
modelling framework. We demonstrate that multiple doses of ivermectin 
treatment have a substantial macrofilaricidal effect, even at the doses 
and frequencies used for routine MDA. We find no evidence that the 
anti-fecundity activity of ivermectin is enhanced by multiple treatments. 
We discuss our results in the context of the feasibility to eliminate 
onchocerciasis in the timeframes set by the global health community.

1819
MODELING EFFECTIVENESS OF DRUG ADMINISTRATION ON 
A POPULATION INFECTED WITH SCHISTOSOMA MANSONI

Roberta O. Prado1, Sonia P. Carvalho2, Sylvie M. Kamphorst2, 
Rodrigo C. Oliveira3, Andréa Gazzinelli1
1Escola de Enfermagem UFMG, Belo Horizonte, Brazil, 2Universidade 
Federal de Minas Gerais, Belo Horizonte, Brazil, 3Centro de Pesquisas René 
Rachou, Belo Horizonte, Brazil

Schistosomiasis is one of the most important public health problems that 
affect human populations, especially those living in poorer regions, with 
low socioeconomic environment, without adequate sanitation and clean 
water. WHO recommends treatment without prior diagnosis of the most 
vulnerable individuals such as school children and adults in endemic areas. 
In Brazil treatment is based on the infection prevalence. In areas of low 
and medium prevalence treatment is given only for positive individuals 
and in situations where the prevalence is greater than 50% treatment is 
directed to the entire population. The objective is to develop a non-linear 
mathematical model to evaluate the effectiveness of mass treatment of 
a population infected with S. mansoni. The evolution of infected and 
non-infected persons with time was studied by building a 2-dimensional 
system of differential equations. We consider that a) children born without 
infection, b) the population is growing with a growth of logistical type, 
without having reached its maximum growth and c) once treated an 
individual will be free of infection unless it re-infects. The population 
was divided into two strata: P0 (t), which corresponds to the number of 
uninfected persons in year (t) and P1 (t) and those corresponding to the 
number of infected people during the year (t). It was possible to develop 
a mathematical model, consisting of a system of differential equations 
that has in its domain, single global attractor. The 2-dimensional system 
has a unique global attractor where the number of infected persons is 
non-zero, due to the re-infection effect. It is proved that the model got its 
equilibrium. The modeling results suggest that if the treatment is the only 
intervention in the population, that is, without additional Investments in 
better sanitation and health education programs, even treating the whole 
population or just those infected, the prevalence always will be around 
10%. The model also suggests that in this way overtime prevalence tends 
to always keep this level with few possibilities of over spreading disease in 
the area.
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1820
MODELLING EGG COUNTS TO COMPARE EGG REDUCTION 
RATES IN RANDOMIZED COMPARATIVE TRIALS OF 
TREATMENTS OF INTESTINAL SCHISTOSOMIASIS

Michel T. Vaillant1, Anna Schritz1, Piero L. Olliaro2

1Luxembourg Institute of Health, Strassen, Luxembourg, 2UNICEF/UNDP/
WB/World Health Organization Special Programme for Research and 
Training in Tropical Diseases, Geneva, Switzerland

Treatment efficacy for schistosomiasis and soil-transmitted nematodes is 
customarily assessed as egg reduction rate (ERR) based on the difference 
in grouped means between pre- and post-treatment egg counts. This 
however does not allow comparison of treatment effects in controlled 
trials. Here, we assess whether Poisson-type modelling could be used 
to compare efficacy between treatments using a database from 24 
trial enrolling 4,740 individuals infected with Schistosoma mansoni, 
S. haematobium, or S. japonicum, and treated with 40-80 mg/
kg praziquantel. Sensitivity analysis used a subset of 856 subjects in a 
trial comparing 40 vs 60 mg/kg praziquantel. Gender, age, treatment, 
species, follow-up duration and baseline egg counts were entered in all 
models as factors. The number of Kato-Katz smears (differences across 
studies) was used as a proportionality constant (offset) in the models to 
analyse the sum of counts. Alternative models (quasi-Poisson, negative 
binomial & zero-inflated Poisson) were fitted and compared. Random 
variation in risk between individuals and random variation between slides 
were also allowed for in a multi-level model with the same distributions. 
1050 patients with 3577 measurements were analysed. 92% of the 
observed post-treatment data were zero. The Poisson model of the sum 
of egg counts and the quasi-Poisson model proved unsuited due to over-
dispersion. The negative binomial and the zero-inflated model showed a 
better fit and predicted 92.07% and 91.98% of zeros. With the multilevel 
modelling strategy, the Poisson model performed best (95.05% of zero 
counts predicted). Praziquantel at 40mg/kg, 60mg/kg or 80mg/kg reduced 
the egg counts with no significant difference between treatments. 
Baseline counts were significant predictors of post-treatments counts. The 
sensitivity analysis showed similar results. This study shows that adequate 
modelling of the sum of post-treatment egg counts or raw egg counts 
could be useful for comparing treatment effects of anthelmintic treatment.

1821
COST-EFFECTIVENESS OF CHANGING PREVALENCE 
THRESHOLDS FOR MASS DRUG ADMINISTRATION AGAINST 
SCHISTOSOMIASIS TO SOIL-TRANSMITTED HELMINTHIASIS

Nathan C. Lo1, Isaac I. Bogoch2, Giovanna Raso3, Jean T. 
Coulibaly4, Jürg Utzinger3, Jason R. Andrews1

1Stanford University School of Medicine, Stanford, CA, United States, 
2University of Toronto, Toronto, ON, Canada, 3Swiss Tropical and Public 
Health Institute and University of Basel, Basel, Switzerland, 4Université Félix 
Houphouët-Boigny, Centre Suisse de Recherches Scientifiques en Côte 
d’Ivoire, Swiss Tropical and Public Health Institute, and University of Basel, 
Abidjan, Côte D’Ivoire

Current WHO guidelines on mass drug administration (MDA) against 
helminth infections do not recommend MDA for schistosomiasis and 
soil-transmitted helminthiasis (STH) below a prevalence of 10% and 
20%, respectively, and use separate treatment guidelines for these two 
helminthiases. We evaluated the cost-effectiveness of changing prevalence 
thresholds for integrated, annual MDA to school-age children (SAC) 
and the entire community. We developed a dynamic, age-structured 
transmission and cost-effectiveness model that simulates integrated MDA 
programs for schistosomiasis and STH. We simulated a 5-year treatment 
program with praziquantel plus albendazole at 75% coverage among: (i) 
SAC alone or (ii) entire community (pre-SAC, SAC, and adults). We tested 
prevalence values of 1%, 5%, 10%, and 15%. We simulated settings 
of 10,000 pre-SAC, SAC, and adults with a range of helminth-specific 

intensities of infection and corresponding transmission parameters. 
Treatment costs for SAC and pre-SAC/adults were estimated at US$ 0.74 
and US$ 1.74, respectively. The incremental cost-effectiveness ratio (ICER) 
was calculated in 2015 US$ per disability-adjusted life year (DALY) averted, 
comparing treatment strategies against current WHO recommendations 
of no treatment. We defined strategies as highly cost-effective if the ICER 
was less than the World Bank classification for a low-income country 
(GDP per capita: US$ 1,035). An integrated MDA program against 
schistosomiasis and STH was highly cost-effective in treating SAC alone at 
a prevalence of 5% (ICER: US$ 396/DALY averted), 10% (ICER: US$ 297/
DALY averted), and 15% (ICER: US$ 285/DALY averted) compared to no 
treatment. Expanded community-wide coverage was highly cost-effective 
at a prevalence of 10% (ICER: US$ 902/DALY averted) and 15% (ICER: 
US$ 796/DALY averted) compared to treatment of SAC alone. Integrated 
annual MDA programs against schistosomiasis and STH may be highly 
cost-effective at prevalence thresholds lower than WHO guidelines. 
These results support re-evaluating global guidelines to consider lowered 
prevalence thresholds for integrated treatment.

1822
IMPROVING TREATMENT COVERAGE - MASS DRUG 
ADMINISTRATION AS SEEN FROM THE COMMUNITY HEALTH 
WORKERS’ PERSPECTIVE

Sarah Nogaro1, Michelle Clements1, Alexandra Weldon1, Abou 
N’dri2, Esther Comoe2, Sei Adou2, Elvis Allo2, Alain Toh2, Fiona 
Fleming1

1SCI, Imperial College, London, United Kingdom, 2University Felix 
Houphouet-Boigny, Abidjan, Côte D’Ivoire

National-scale schistosomiasis control programmes have now been 
implemented in many endemic countries using mass drug administration 
with praziquantel. Results from a validated treatment coverage survey 
after the first mass drug administration in Cote d’Ivoire (CDI) in 2013, 
highlighted that some districts were under-performing and below the 
World Health Organization target of treating at least 75% of school aged 
children. To understand the reasons behind this low coverage, structured 
interviews were conducted with community health workers (CHWs) in 12 
villages in CDI (1 per village). Accounts given by the CHW were captured 
both on paper and on a digital audio recorder. Transcripts were then 
translated into English and the data analysed using NVIVO software. To 
ensure that the information portrayed by the CHW was a true reflection of 
their thoughts, the interviews were done on a one-to-one basis following 
free and informed consent. The interviews were led by an independent 
social scientist and allowed for privacy. Across all interviewees, four themes 
were repeatedly reported: negative perception by the communities of 
free medication; limited time for drug distribution due to insufficient 
human resources; loss of income during campaigns, and inadequate 
social mobilisation. Other issues were raised but are considered to be 
country-specific. Results from this survey highlight potential issues which, 
if addressed, can improve preventive chemotherapy (PCT) coverage. The 
presenter will discuss the sustainability, the cost and efficiency of proposed 
solutions. With the emphasis now being on eliminating schistosomiasis, 
findings from this study are applicable to many PCT control programmes, 
which will inform national guidelines to fine tune their strategy to ensure 
that the 2020 targets are met.
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1823
THE USE OF A MARKOV TRANSITION PROBABILITY MODEL 
AS A PROGRAMMATIC TOOL FOR THE CONTROL OF 
SCHISTOSOMIASIS

Arminder K. Deol1, Maria-Gloria Basäñez2, Martin Walker2, 
Antonio Montresor3, Michael French1

1Schistosomiasis Control Initiative, London, United Kingdom, 2Imperial 
College London, London, United Kingdom, 3World Health Organization, 
Geneva, Switzerland

The World Health Organization (WHO), in partnership with the global 
community, have set ambitious targets for the control and/or elimination 
of schistosomiasis by 2020. To be able to achieve this it is essential that 
control programme managers can monitor the impact of treatment and 
identify areas that are not responding as expected. This will allow suitable 
adjustments to be made to maximise the impact of the intervention. 
With this objective, in 2014 a programme-friendly Markov transmission 
model was developed at the Schistosomiasis Control Initiative (SCI) 
in collaboration with the WHO to model the changes in the levels of 
schistosomiasis infection following successive rounds of treatment. The 
model was parameterized using data obtained from the monitoring and 
evaluation components of the large-scale deworming programmes in 
Uganda and Mali. This model is an extension of an earlier Markov model 
developed for soil-transmitted helminth infection by WHO. Results showed 
that the transition probabilities derived from baseline and year 1 data 
can be used to predict the prevalence of each infection intensity group 
in the following year. The capacity of the model to predict changes in 
infection prevalence following successive rounds of treatment was then 
tested on various data sets from 2 countries in sub-Saharan Africa. These 
data were not used to develop and validate the model, so that only new 
scenarios could be tested. The model was tested to observe whether it 
could provide an early warning of the treatment campaigns that failed to 
meet their targets. The performance of the model was also tested against 
different parasite species (S. mansoni and S. haematobium), location 
and underlying endemicity as well as host age. The outputs of the model 
post-validation will be discussed as well as its suitability as a user-friendly 
programmatic tool to facilitate the monitoring of schistosomiasis control 
programmes.

1824
HOTSPOTS OF SCHISTOSOMA MANSONI TRANSMISSION 
TEN YEARS INTO A MASS DRUG ADMINISTRATION 
PROGRAM

Poppy H. Lamberton1, Kate Mitchell1, Charlotte M. Gower1, 
Moses Adriko2, Moses Arinaitwe2, Annet Enzaru2, Annet 
Namukuta2, Thomas Crellen1, Edridah M. Tukahebwa2, Narcis B. 
Kabatereine3, Alan Fenwick1, Joanne P. Webster4

1Imperial College London, London, United Kingdom, 2Vector Control 
Division, Ministry of Health, Kampala, Uganda, 3Schistosomiasis Control 
Initiative at Vector Control Division, Ministry of Health, Kampala, Uganda, 
4Royal Veterinary College, London, United Kingdom

The Schistosomiasis Control Initiative began mass drug administration 
(MDA) with praziquantel in Uganda in 2003 with great reductions in 
infection prevalence, intensities and associated morbidity. However, 
possible treatment failures have been recorded. In addition, theoretical 
models have indicated that cessation of MDA may result in higher egg 
counts than pre-intervention levels in certain individuals. Prevalence 
and intensity of infection by Kato-Katz were recorded for Schistosoma 
mansoni in children from three primary schools in Mayuge District, 
Uganda. Data were collected pre-, one-week-post- and four-weeks-post-
praziquantel in 2004, 2005 and 2006, and pre-, one-week-post- and 
three-weeks-post-praziquantel in 2013 and pre-praziquantel in 2014. In 
2004 and 2013 point-of-care circulating-cathodic-antigen tests (POC-CCA) 
were also performed. Mean egg reduction rates by three/four-weeks-post-

praziquantel from 2004, 2005, 2006, and 2013 were 94.5%, 97.8%, 
97.1%, and 95.0% respectively and cure rates 72.3%, 75.7%, 80.7% 
and 87.2%. Cure rates by POC-CCA in 2004 and 2013 were however 
significantly lower at 47.8% and 9.4% respectively. Infection prevalence 
and intensities in 2013 and 2014 were higher than at baseline. We 
indicate that drug efficacy measured by Kato-Katz has not reduced with 
MDA, but that cure rates measured by POC-CCA are lower. Although cure 
rates are often considered to be a less important criteria for morbidity 
than a reduction in egg output, it is imperative that the causes for the 
significant differences between Kato-Katz and POC-CCA results, and the 
higher infection intensities after ten years MDA, are elucidated so we can 
understand any risks of MDA strategies as well as measure their benefits. 
Results presented will include model outputs to predict if higher infection 
intensities observed ten years into the MDA programme are due to high 
transmission, reduced drug efficacy, or reductions in the development of 
protective immunity, as control programmes progress.

1825
CONQUERING SCHISTOSOMIASIS IN CHINA: THE FINAL 
CHAPTER

Donald P. McManus1, Darren Gray2, Yue-Sheng Li1, Gail M. 
Williams3, Catherine Gordon1, Donald Harn4, Zeng Feng5, Remigio 
Olveda6, Allen Ross7

1QIMR Berghofer Medical Research Institute, Brisbane, Australia, 
2Australian National University, Canberra, Australia, 3University of 
Queensland, Brisbane, Australia, 4University of Georgia, Athens, GA, 
United States, 5National Institute of Parasitic Diseases, Chinese Centre for 
Disease Control and Prevention, Shanghai, China, 6Research Institute for 
Tropical Medicine, Manila, Philippines, 7Griffith University, Gold Coast, 
Australia

Major control efforts over many decades have resulted in a substantial 
reduction in the prevalence of schistosomiasis japonica in the People’s 
Republic of China, although pockets of new infection continue to arise, 
particularly in the mountainous areas of the south. As well, the completion 
of the Three Gorges Dam, which crosses the Yangtze River and other 
large irrigation projects underway, may have significant environmental 
and ecological impacts likely resulting in expansion of the habitats for the 
intermediate snail host Oncomelania hupensis in some areas, thereby 
increasing the risk of human and bovine infection, and resulting in 
potentially new challenging consequences for control. The epidemiological 
picture for China will be briefly summarised and the current effective 
control strategies highlighted. The situation in the Philippines will also be 
briefly outlined but the picture is far less encouraging as there is limited 
national funding for schistosomiasis control; since the termination of 
the World Bank Loan program for schistosomiasis control in the late 
1990’s, both schistosome prevalence and the associated morbidity have 
rebounded to former levels. Some results of recent surveillance studies we 
have undertaken in the Philippines will be described which indicate that 
schistosomiasis japonica is now far more prevalent, both in humans and 
bovines, than has been appreciated. Results of a large intervention trial 
we have completed in China - in the highly endemic Dongting Lake area 
downstream of the Three Gorges Dam, aimed at field-testing integrated 
strategies, including the use of a bovine transmission blocking vaccine, for 
schistosomiasis control, will be presented. The results of the trial in China 
will provide parameters for mathematical modelling of future control 
methods so as to define the long-term impact and cost-effectiveness of 
integrated control measures for both China and the Philippines. We believe 
that such an integrated approach, incorporating bovine vaccination, can 
lead to the future elimination of schistosomiasis from China.
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1826
PLASMODIUM FALCIPARUM GENETIC CROSSES WITHOUT 
CHIMPANZEES

Richard S. Pinapati1, Ashley M. Vaughan2, Ian H. Cheeseman3, 
Lisa A. Checkley1, Carolyn A. Hutyra1, Nelly Camargo2, Matthew 
Fishbaugher2, Shalini Nair3, Francois H. Nosten4, Timothy J. 
Anderson3, Stefan H. Kappe2, Michael T. Ferdig1

1University of Notre Dame, Notre Dame, IN, United States, 2Seattle 
Biomedical Research Institute, Seattle, WA, United States, 3Texas 
Biomedical Research Institute, San Antonio, TX, United States, 4Mahidol 
University, Mae Sot, Thailand

Experimental genetic crosses in Plasmodium falciparum have played 
a pivotal role in the discovery of genes underlying several important 
phenotypic traits including drug resistance and host specificity. Previously, 
P. falciparum genetic crosses were carried out in splenectomized 
chimpanzees and in spite of the fact that three successful experimental 
crosses were generated, ethical and logistical concerns have now 
rendered this technology obsolete. Here we demonstrate a new model 
for P. falciparum experimental genetic crosses: a human hepatocyte-
liver chimeric mouse (FRG huHep mouse) injected with human red 
blood cells (huRBCs) that allows for complete P. falciparum liver stage 
development and the transition of exo-erythrocytic merozoites to asexual 
blood stage development. Using this novel and versatile model, we have 
rapidly generated and analyzed three experimental crosses, including 
the identification of unique recombinant progeny from each cross. A 
chloroquine (CQ) sensitive transgenic strain, NF54HT-GFP–luc, was used 
as a parent in all three of our new experimental crosses and was crossed 
with three different strains: GB4 and 7G8, two strains used in a previous 
chimpanzee experimental cross, and NHP*, a recent field isolate from 
Southeast Asia. We characterized all crosses using microsatellite markers 
and further characterized progeny from the NF54HT-GFP–luc × NHP* cross 
using thousands of single nucleotide polymorphisms (SNPs) from next-
generation sequence data and custom genotyping microarrays. These data 
were used to generate genetic maps and compute recombination rates 
across the genome. The high-density SNP-based linkage map will be used 
in conjunction with quantitative trait loci (QTL) mapping to assay a wide 
variety of quantifiable phenotypes such as drug responses, thus facilitating 
the study of complex genetic traits in P. falciparum.

1827
DETERMINING THE MECHANISM OF ACTION OF 
THE IMIDAZOLOPIPERAZINES, A NOVEL CLASS OF 
ANTIMALARIALS

Gregory LaMonte, Melanie Wree, Marie Nachon, Greg Goldgof, 
Victoria Corey, David Plouffe, Edgar Vigil, Elizabeth Winzeler
University of California, San Diego, La Jolla, CA, United States

Malaria, despite ongoing public health intervention worldwide, remains 
a tremendous burden globally. While progress has been made recently 
against malaria, the emergence of artemisinin resistance in Plasmodium 
falciparum has accelerated the search for both new and more effective 
antimalarial drug candidates. One of the most promising new compound 
classes in clinical development are the Imidazolopiperazines (IZPs), which 
are not only effective against all stages of Plasmodium infection, but 
also prevent transmission and dramatically reduce the rate of future 
infection. The lead compound of the IZPs, GNF156, is currently in phase IIb 
clinical trials. Unfortunately, the development of this class of compounds 
is hampered by a limited understanding of their mechanism of action. 
Previous in vitro evolution studies identified a previously uncharacterized 
gene, designated the P. falciparum cyclic amine resistance locus, as a 
potential target for the IZPs. More recent studies, however, have implicated 
several additional genes/pathways as potential targets of the IZPs. Given 
this ambiguity about the target and activity of the IZPs, this study will 
therefore first validate putative drug targets, then go on to examine both 
the localization and function of those validated targets. We have used the 

CRISPR/CAS9 system to validate several genes, including PfCARL, in which 
mutations convey resistance. In addition, we showed that these same 
mutations protected P. falciparum gametocytes from IZP activity and that 
PfCARL protein is localized to the endoplasmic reticulum/Golgi apparatus. 
Finally, we utilized Saccharomyces cerevisiae as a model to identify several 
pathways affected by IZP exposure, which were then functionally validated 
in P. falciparum. By determining the mechanism of action of the IZPs, this 
study will significantly advance efforts against malaria, both by improving 
the utility of a promising new class of antimalarials and by identifying new 
targets for antimalarial intervention.

1828
DEEP SEQUENCING OF ANOPHELES GAMBIAE FROM 
NATURAL POPULATIONS SPANNING SUB-SAHARAN AFRICA - 
A RESOURCE FOR VECTOR CONTROL RESEARCH

Alistair Miles1, Dominic Kwiatkowski2, The Anopheles gambiae 
1000 Genomes Consortium3

1University of Oxford, Oxford, United Kingdom, 2Wellcome Trust Sanger 
Institute, Cambridge, United Kingdom, 3Institutional affiliations are listed 
at http://www.malariagen.net/ag1000g, United Kingdom

The Anopheles gambiae 1000 genomes project (Ag1000G) is using 
whole-genome sequencing to study genome variation in wild-caught 
mosquitoes from populations across Africa. In phase 1 of the project high 
throughput sequence data from 765 specimens from 8 countries have 
been generated. The sequence data have been used to discover over 52 
million single nucleotide polymorphisms - on average 1 SNP every ~2 
accessible bases - providing the first genome-wide view of the spectacular 
natural diversity within and between natural populations. These data have 
been publicly released and comprise the largest open access genomic 
resource available for any vector species. Here we provide an overview 
of the Ag1000G phase 1 data resource and initial results of population 
genetic analyses, focusing on applications to malaria epidemiology and 
vector control. First, analyses of population structure in the Ag1000G 
cohort reveal a complex mosaic, with incomplete speciation, geography, 
ecology and demography all influencing gene flow across the species’ 
range. These data could be integrated into models informing vector 
control strategy, and we discuss steps towards this goal. Second, these 
data enable high-resolution analyses of loci under strong recent selection, 
including discovery of novel insecticide resistance mutations. We illustrate 
this with data from the voltage-gated sodium channel gene, and show 
that multiple independent haplotypes within both West and East African 
populations have been involved in selective sweeps, cutting across species 
barriers and major geographic features. We also present preliminary 
evidence for novel resistance mutations, and discuss how haplotype data 
from Ag1000G could be used to diagnose the origin and track the spread 
of insecticide resistance. Finally, we present data from the Ag1000G 
coastal Kenyan population, where all individuals exhibit long runs of 
homozygosity consistent with a severe recent population bottleneck. These 
data demonstrate that demographic events leave a strong genetic signal, 
and we discuss how genomic data could be used to provide feedback 
about the impact of vector control interventions.
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1829
LARGE-SCALE SCANS FOR GENOMIC REGIONS UNDER 
POSITIVE SELECTION IN SOUTHEAST ASIAN PLASMODIUM 
FALCIPARUM REVEAL GENES OF PUBLIC HEALTH 
IMPORTANCE

Christopher G. Jacob1, Cesar Arze2, David L. Saunders3, Charlotte 
Lanteri3, Rick Fairhurst4, Chanaki Amaratunga4, John C. Tan5, 
Becky A. Miller6, Olivo Miotto7, Bronwyn MacInnis8, Pharath Lim4, 
Seila Suon9, Poravuth Yi9, Sokunthea Sreng9, Podjanee Jittamala10, 
Kesinee Chotivanich7, Mallika Imwong7, Kitipumi Chutasmit11, 
Chaiyaporn Suchatsoonthorn12, Ratchadaporn Runcharoen13, Tran 
Tihn Hien14, Myat P. Kyaw15, Mayfong Mayxay16, Paul Newton16, 
Maniphone Khanthavong17, Bouasy Hongvanthong17, Aung 
Pyae Phyo18, Francois Nosten18, Md. Abul Faiz19, Md. Ridwanur 
Rahman19, Akhterul Islam20, Harald Noedl21, Chanthap Lon22, 
Wasif Khan23, Susana Campino8, Jason Bailey1, Mehul Dhorda24, 
Shannon Takala-Harrison1, Michael Ferdig6, Elizabeth Ashley7, 
Arjen Dondorp7, Nicholas Day7, Nicholas White7, Pascal Ringwald25, 
Dominic Kwiatkowski8, Christopher V. Plowe1
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Maryland School of Medicine, Baltimore, MD, United States, 2Institute 
for Genome Sciences, University of Maryland School of Medicine, 
Baltimore, MD, United States, 3Armed Forces Research Institute of 
Medical Sciences, Bangkok, Thailand, 4Laboratory of Malaria and 
Vector Research, National Institute of Allergy and Infectious Diseases, 
National Institutes of Health, Rockville, MD, United States, 5Research and 
Development, Roche NimbleGen, Inc, Madison, WI, United States, 6Eck 
Institute for Global Health, Department of Biological Sciences, University 
of Notre Dame, South Bend, IN, United States, 7Mahidol-Oxford Tropical 
Medicine Research Unit, Faculty of Tropical Medicine, Mahidol University, 
Bangkok, Thailand, 8Wellcome Trust Sanger Institute, Hinxton, United 
Kingdom, 9National Center for Parasitology, Entomology and Malaria 
Control, Phnom Penh, Cambodia, 10Faculty of Tropical Medicine, Mahidol 
University, Bangkok, Thailand, 11Phusing Hospital, Srisaket Province, 
Thailand, 12Kraburi Hospital, Ranong Province, Thailand, 13Khunhan 
hospital, Srisaket province, Thailand, 14Hospital for Tropical Diseases, 
Ho Chi Minh City, Vietnam, 15Department of Medical Research, Lower 
Myanmar, Yangon, Myanmar, 16University of Health Sciences, Vientiane, 
Lao People’s Democratic Republic, 17Center of Malariology, Parasitology, 
and Entomology, Vientiane, Lao People’s Democratic Republic

As artemisinin resistance in Plasmodium falciparum continues to 
simultaneously spread and emerge in new areas throughout Southeast 
Asia, plans are underway for targeted malaria elimination. Achieving 
regional elimination will require effective antimalarial drugs, an efficacious 
vaccine, or both; however, few drugs remain effective in Southeast 
Asia and currently there is no vaccine. The discovery of new drugs 
and vaccines is necessary if elimination is to be successful. To identify 
candidate drug and immune targets, we used three methods - two 
long-haplotype tests and population differentiation using FST - to locate 
regions of the P. falciparum genome that are potentially under positive 
directional selection among Southeast Asian parasites. Literature review 
of the previous use of these methods in malaria parasite genomic 
studies showed little overlap among genes, and differing sampling and 
genotyping methods prohibit meta-analyses. We genotyped approximately 
30,000 loci in over 2,000 samples from 19 geographic sites across the 
Greater Mekong Subregion using a DNA microarray and whole-genome 
sequencing. Regions under selection within each geographic site were 
identified, and meta-analyses identified the most highly-selected genomic 
regions shared across all sites. Across all analyses there are 245 genes 
within the most highly-selected regions, including genes associated 
with drug resistance and encoding current vaccine antigens. Many 
genes with potential impact in public health are present including genes 
involved in drug export, vesicle transport, and red blood cell binding. The 
genes identified in our scans could be under selection for many reasons 
including association with drug resistance as well as human, vector, or 
environmental factors. Evidence of positive directional selection may 

be a useful criterion for selecting new vaccines and drugs for further 
development and testing. (Additional authors will be listed in the 
presentation).

1830
EXPLORING UNKNOWN GENES IN MALARIA PARASITES BY A 
ROBUST GENE REGULATORY SYSTEM

Suresh Maddur Ganesan, Alejandra Falla, Sebastian Nasamu, 
Jacquin C. Niles
Massachusetts Institute of Technology, Cambridge, MA, United States

Malaria is a major health problem in tropical and subtropical countries. 
The most severe form of malaria is caused by the parasite, Plasmodium 
falciparum. A limited set of antimalarial drugs is used to treat the disease, 
but drug resistance is spreading at alarming rate. Hence, there is an urgent 
need for identification of novel anti-malarial drugs. A major challenge in 
new antimalarial drug development is identification and prioritization of 
potential targets for drug discovery. This is mainly due to lack of reliable 
functional genetics tools for investigating parasite genes. To address this 
need, we have developed a RNA-protein interaction system that facilitates 
robust and inducible regulation of target gene translation in eukaryotic 
organisms, including Plasmodium. Here, we present the application of 
protein engineering approaches to integrate our synthetic control system 
with native Plasmodium translational regulatory mechanisms. In so doing, 
we have achieved substantially increased regulatory dynamic ranges (up 
to 200-fold) compared to a 5-10 fold range of the original system. As 
a proof-of-concept, we have successfully used this system to generate 
parasite lines in which various proteins of interest can be knocked down 
to reveal clear growth phenotypes. In addition, we have successfully 
combined this approach with CRISPR/Cas9 genome editing technology to 
rapidly validate essential genes. We are currently applying these genetic 
tools to broadly study parasite genes of unknown function. Since ~60% 
of the encoded P. falciparum genes have no known homologs in other 
eukaryotes, we believe that understanding their functions will aid in 
identifying potential targets for novel antimalarial drug development.

1831
PARTICIPATION OF INNATE IMMUNE CELLS IN MODULATING 
BLOOD FLUKE DEVELOPMENT

Ellen C. Fox, Stephen J. Davies
Uniformed Serivces University, Bethesda, MD, United States

Schistosomes develop in the blood stream of their hosts, where they 
feed on blood cells and produce eggs that cause severe pathology. 
Previous work has demonstrated that host immune function is required 
for normal schistosome development, as parasite development is 
dramatically impaired in some immunodeficient settings. Recently, we 
presented evidence that regulation of innate inflammatory responses is a 
requirement for schistosome development to proceed as administration 
of innate immune stimuli such as LPS, MSU and IL-4 restored parasite 
development in RAG-1-/ animals. - Here we review our recent progress 
toward identifying the innate immune cells that are implicated in these 
host-schistosome interactions. Following administration of various 
innate immune stimuli to RAG-1-/- mice, splenic neutrophils, monocytes, 
macrophages and non-classical macrophages were assessed for changes 
in expression of activation markers and Relm-α by flow cytometry. 
Administration of pro-inflammatory stimuli LPS and MSU resulted in 
significant decreases in surface expression of CD204 and CD206 in all 
cell populations, while treatment with IL-4 cytokine complex resulted in 
significant increase in CD204 and CD206. Poly I:C, a TLR 3 agonist that 
did not rescue parasite development, resulted in no significant changes 
in CD204 and CD206 expression. Taken together, these data suggest 
that while innate immune cells are likely important environmental factors 
for parasite development, we are unable to identify changes in innate 
cell phenotype that correlate with successful completion of the parasite’s 
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developmental cycle. Ongoing studies are assessing changes in innate 
immune cell metabolism as a possible mechanism facilitating schistosome 
infection.

1832
THE ADIPOSE TISSUE DERIVED STEM CELLS (ASC) SHOWS 
IMMUNOREGULATION FUNCTIONS IN SCHISTOSOMIASIS 
INFLAMMATION ENVIRONMENT

Adriana Bozzi Melo1, Dirli Emmerick Eller1, Lorena Cassia Ferraz1, 
Talita Rocha Gomes2, Vitor Hugo Miranda1, Carlos Eduardo 
Calzavara-Silva1, Alfredo Miranda Goes2, Rodrigo Correa-Oliveira1

1Centro de Pesquisas René Rachou/FIOCRUZ-MG, Belo Horizonte, Brazil, 
2Instituto de Ciências Biológicas da UFMG, Belo Horizonte, Brazil

Numerous reports have shown that mesenchymal stem cells (MSC) appears 
to be important in therapeutics to regulate immune response invoked in 
settings such as tissue injury, transplantation and autoimmunity. In this 
study we investigated the effect of these cells on the immunoregulation 
activities of adipose tissue derived stem cells (ASC) in a Schistosoma 
mansoni experimental model. The ASC were isolated from C57BL/6 
mice, expanded in vitro and phenotypic and functionally characterized. 
These cells were injected via the tail vein into C57BL/6 mice (n=6) two 
weeks after S. mansoni infection. The splenocytes were obtained and 
the in vitro proliferative response was determined after six days of 
culture of splenocytes in the presence or not of ASC, and stimulated 
with Schistosoma egg crude antigens (SEA) or adult worms (SWAP) or 
concanavalin A. After thirty days of ASC injection, in vitro stimulation 
of splenocytes in the presence of ASC led to a significant increase on 
proliferation. On the other hand, the addition of ASC to spleen cell 
cultures from infected mice that did not receive ASC in vivo showed 
a decreased proliferative response. Interestingly, a decrease in in vitro 
splenocyte proliferation was also observed after sixty days post-ASC 
injection, even in the presence of fresh ASC. CD4+ T cell activation was 
analyzed (CD25, CD69, CD28 and CTLA-4) after fifteen, thirty and sixty 
days post-ASC injection. We observed a decrease in activation of T CD4+ 
subpopulation, mainly after fifteen and thirty days post-ASC injection. 
In conclusion, in mice infected with S. mansoni, the ASC were able to 
modulate the immune response during the early inflammatory process, 
in a time-dependent manner. These data emphasize the putative role 
of these cells as candidates for cellular therapy, including the control of 
inflammation caused by parasitic diseases.

1833
LOW TO MODERATE INTENSITY SCHISTOSOMA 
MANSONI INFECTIONS DO NOT ALTER PROTECTIVE 
ANTIBODY RESPONSES TO TETANUS TOXOID BOOSTER 
IMMUNIZATIONS

Diana K. Riner1, Eric M. Ndombi2, Jennifer M. Carter1, Nupur 
Kittur1, Emmy Kavere2, Harrison K. Korir2, Amos Omondi2, W. Evan 
Secor3, Diana Karanja2, Daniel G. Colley1

1University of Georgia, Athens, GA, United States, 2Kenya Medical 
Research Institute, Kisumu, Kenya, 3Centers for Disease Control and 
Prevention, Atlanta, GA, United States

Helminths such as schistosomes are remarkable in their ability to modulate 
host immune responses, which promotes their survival. Immunoregulation 
begins early in schistosome infection and has been characterized by 
hyporesponsiveness to parasite antigens and bystander antigens, 
suggesting schistosome infection at the time of immunizations could 
lower the protective response to vaccines. To investigate the impact that 
concurrent helminth infection might have on an individual’s responses 
to vaccine antigens, we recruited participants from Kisumu Polytechnic 
College in western Kenya. Participants were enrolled, consented and 
screened for schistosomiasis and soil transmitted helminths (STHs) and 
assigned to groups based on helminth status. Tetanus toxoid (TT; single 

dose), hepatitis B (doses at 0, 1 and 6 months), and meningococcus 
A+C (doses at 0 and 2 months) vaccines were administered. Helminth 
infections were treated a week after the second hepatitis B immunization. 
Participants were bled at baseline, 2 months after the start of 
immunizations and 2 months after the final hepatitis B immunization to 
evaluate humoral and cellular immune responses to the vaccine antigens 
using both antibody and cytokine ELISAs. CD3+/CD4+/CD25high T 
regulatory (Treg) cell levels were also determined at each time point to 
assess their relationship to vaccine responses. As we have previously 
reported participants with schistosomiasis had significantly higher 
proportions of circulating Treg cells than uninfected controls at baseline. 
These levels increased 1 week after praziquantel treatment, but decreased 
to uninfected control levels by 7 months after treatment. Anti-TT antibody 
levels in both infected and uninfected groups were comparable at all 
measured time-points indicating that schistosome infection did not alter 
IgG recall responses to this immunization. Preliminary analyses of antibody 
responses to hepatitis B surface antigen indicate a somewhat lower 
responsiveness to the primary and booster immunizations in those with S. 
mansoni infection. Further analyses are ongoing.

1834
TARGETING THE BURDEN OF SCHISTOSOMIASIS IN 
MADAGASCAR: GYNAECOLOGICAL MANIFESTATIONS OF 
SCHISTOSOMIASIS IN AN AREA SCALING UP MASS DRUG 
ADMINISTRATION OF PRAZIQUANTEL

Bodo S. Randrianasolo1, Peter M. Jourdan1, Pascaline 
Ravoniarimbinina2, Charles E. Ramarokoto2, Fanjasoa 
Rakotomanana2, Vololomboahangy E. Ravaoalimalala2, Svein G. 
Gundersen3, Hermann Feldmeier4, Birgitte J. Vennervald5, Lisette 
van Lieshout6, Borghild Roald7, Peter Leutscher8, Alan Fenwick1, 
Eyrun F. Kjetland9

1Schistosomiasis Control Initiative, Imperial College London, London, 
United Kingdom, 2Institut Pasteur de Madagascar, Antananarivo, 
Madagascar, 3University of Agder, Kristiansand, Norway, 4Charité University 
Medicine, Berlin, Germany, 5University of Copenhagen, Copenhagen, 
Denmark, 6Leiden University Medical Center, Leiden, Netherlands, 7Oslo 
University Hospital, Oslo, Norway, 8Aarhus University Hospital, Aarhus, 
Denmark, 9University of KwaZulu-Natal, Durban, South Africa

Schistosoma haematobium infection frequently causes morbidity in the 
genital tract, and the disease may increase the risk of HIV transmission. 
Genital schistosomiasis in women of reproductive age living in endemic 
areas is under-diagnosed, and efforts are needed to better understand 
the pathophysiology and to provide control measures for the disease. A 
study was undertaken in order to determine the female genital morbidity 
caused by schistosomiasis, and to describe its histopathological correlates 
in an area of Madagascar prior to mass drug administration (MDA) of 
praziquantel. Women aged 15-35 years living in an S. haematobium-
endemic area in Madagascar underwent pelvic and colposcopic 
examinations. Women were grouped according to intensity of urinary 
S. haematobium infection, and small biopsies were taken from genital 
lesions and examined microscopically using standard haematoxylin and 
eosin stain. Updated mapping data of schistosomiasis was collected for 
the strategic planning, implementation and review of MDA of praziquantel 
in the same region of Madagascar. Genital lesions named sandy patches 
and rubbery papules were found in 41 of 118 women (35%). Rubbery 
papules only reported and described in this study contained an intense 
cellular immune reaction dominated by eosinophils, epithelial erosion, and 
viable ova. There was a significant decrease in the prevalence of rubbery 
papules with age, even after adjustment for urinary ova excretion. The 
sandy patches with grains showed moderate cellular immune reaction 
and ova (viable and/or calcified), and were most prevalent in women with 
low-intensity urinary S. haematobium infection. These findings in women 
living in an endemic area of Madagascar indicate a dynamic evolution of 
inflammatory genital lesions caused by S. haematobium and a clear need 
for preventive chemotherapy in school-age children as recommended by 
the World Health Organization. The authors present the results in light of 
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the current scale-up of MDA of praziquantel in Madagascar put in place by 
the Ministry of Health and the Ministry of Education, and supported by the 
Schistosomiasis Control Initiative (SCI).

1835
LENTIVIRUS HIV-1 INTEGRATES WIDELY THROUGHOUT THE 
GENOME OF THE HUMAN BLOOD FLUKE SCHISTOSOMA 
MANSONI

Paul J. Brindley1, Sutas Suttiprapa1, Gabriel Rinaldi1, Isheng J. 
Tsai2, Sergei Iordanskiy1, Victoria H. Mann1, Larisa Dubrovsky1, 
Hong-bin Yan1, Nancy Holroyd2, Tatiana Pushansky1, Matthew 
Berriman2, Michael I. Bukrinsky1

1George Washington University, Washington, DC, United States, 
2Wellcome Trust Sanger Institute, Hinxton, United Kingdom

Lentivirus-mediated gene expression manipulation offers advantages for 
functional genomics of the schistosome, allowing to establish informative 
lines of transgenic schistosomes and to elucidate gene functions of these 
pathogens. To investigate the ability of lentiviral vectors to integrate into 
the schistosomal genome, blood stream forms of the human schistosome, 
Schistosoma mansoni, including schistosomules and adult female and 
male parasites were exposed to vesicular stomatitis virus glycoprotein 
pseudotyped virions of HIV-1. Reverse transcription of the lentiviral 
RNA genome proceeded, as confirmed by the presence of strong-stop 
and positive strand cDNAs, in turn confirming the internalization of the 
lentiviral nucleocapsid into the cytoplasm of schistosome cells. Integration 
of HIV provirus into chromosomes of the schistosomes followed, as 
established by anchored PCR targeting integrated provirus in the vicinity 
of endogenous mobile elements, by high throughput sequencing of 
lentivirus-anchored PCR products, and by whole genome sequences of 
the schistosomes. On a population scale, integrations of lentiviral provirus 
were widely distributed throughout the eight pairs of chromosomes of 
the schistosomes. Density of integrations was frequently > 10 events per 
100 kilobase pair windows. Integration site preference was biased to non-
coding regions of the schistosome genome, a preference dissimilar to that 
of HIV in human T cells. Integrations into exons and introns of protein-
encoding loci were also seen. The ability of HIV-1 to complete biochemical 
processes essential for lentivirus replication was notable and unexpected 
given that schistosomes are phylogenetically far distant from primates and 
other mammals naturally infected by the genus Lentivirus.

1836
DEVELOPMENT OF A BIOSENSOR-BASED RAPID URINE TEST 
FOR DETECTION OF UROGENITAL SCHISTOSOMIASIS

Kathleen Mach1, Ruchika Mohan1, Shailja Patel1, Pak K. Wong2, 
Michael Hsieh3, Joseph C. Liao1

1Stanford University, Stanford, CA, United States, 2University of Arizona, 
Tucson, AZ, United States, 3Biomedical Research Institute, Rockville, MD, 
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Schistosomiasis affects up to 300 million people with serious and diverse 
sequelae arising from infection. Diagnosis of urogenital schistosomiasis 
(Schistosoma haematobium infection) relies on microscopic identification 
and enumeration of parasite eggs in urine, however this is time consuming 
and requires technical skill. A point-of care device for detection of S. 
haematobium would significantly reduce the time-to-result with the 
potential to improve patient care. In this work, we demonstrate the 
use of our established biosensor platform for bacterial identification for 
the detection of S. haematobium in urine. We developed capture and 
detector probes targeting S. haematobium rRNA, a robust egg lysis 
protocol and integration into our established platform. Using the biosensor 
assay, we demonstrated direct detection of S. haematobium eggs spiked 
in human urine at clinically relevant ranges with detection of as few as 30 
eggs/ ml urine.

1837
AN ULTRA-SENSITIVE URINE-BASED ASSAY TARGETING THE 
CIRCULATING ANODIC ANTIGEN (CAA) FOR DIAGNOSIS OF 
UROGENITAL TO INTESTINAL SCHISTOSOMIASIS IN LOW-
ENDEMIC AREAS

Govert J. van Dam, Claudia J. de Dood, Dieuwke Kornelis, 
Lisette van Lieshout, Paul L. Corstjens
LUMC, Leiden, Netherlands

The recent renewed interest in mapping, intensified control and 
elimination of schistosomiasis has put the need for highly accurate 
diagnostic assays high on the agenda. The well-studied schistosome 
antigen detection assays CCA- and CAA-ELISA have now been 
transformed into a Point-of-Care rapid test (POC-CCA) and an ultra-
sensitive UCP lateral flow based strip assay (UCP-CAA), resp. The simple 
field applicable POC-CCA test may replace the Kato-Katz testing for 
prevalence mapping of community-level Schistosoma mansoni infections 
using a single drop of urine as well as evaluate quickly (within days) 
the efficacy of treatment. However this test shows variable sensitivity in 
the diagnosis of S. haematobium. The recently developed UCP-CAA 
assay detects antigen in serum or urine of all schistosome species at 
sub-pg levels, a sensitivity allowing detection of single worm infections. 
The assay has been transformed into a robust, dry-reagent based 
test, and is currently used in several low-resource settings in Africa. In 
combination with optimized sampling schedules involving pooled urines 
this would allow rapid identification of foci of low prevalence/intensity S. 
haematobium and S. mansoni infections. Recent studies using the 2 ml 
urine dry reagent UCP-CAA format performed in low prevalence (<2%), S. 
haematobium settings (near elimination) show an over 10-fold increase 
in the prevalence of active schistosome infections. Similar results have 
been shown for S. japonicum settings in China and S. mansoni settings 
in Brasil and Africa. The UCP-CAA strip assay therefore is a valuable highly 
sensitive diagnostic tool, applicable for screening and case finding in very 
low prevalence areas, including pre-elimination settings.

1838
EVALUATING THE IMPACT OF PULSE OXIMETRY ON 
PNEUMONIA MORTALITY IN CHILDREN UNDER FIVE IN 
RESOURCE-POOR SETTINGS

Jessica Floyd1, Lindsey Wu2, Rasa Izadnegahdar3, Deborah 
Burgess3, David Mukanga3, Azra Ghani1
1Imperial College London, London, United Kingdom, 2London School 
of Hygiene & Tropical Medicine, London, United Kingdom, 3The Bill & 
Melinda Gates Foundation, Seattle, WA, United States

Despite available interventions, pneumonia is still responsible for an 
estimated 15% of childhood deaths worldwide. Recent research has 
shown that hypoxia and malnutrition are strong predictors of mortality in 
children hospitalized for pneumonia. This has led to increasing support 
for the use of oxygen therapy and monitoring oxygen saturation in the 
management of severe cases. It is estimated that 15% of children under 
five hospitalised for pneumonia have hypoxemia and that approximately 
1.5 million children with severe pneumonia require oxygen treatment 
each year. We present a deterministic compartmental model to assess 
the impact of introducing pulse oximetry as a prognostic to distinguish 
severe from non-severe pneumonia in under-fives across 15 of the 
highest-burden countries. Incidence of pneumonia in each country was 
fitted to data on the mortality rates in each country. The impact of this 
improved prognostic was compared to the current mortality rates under 
Integrated Management of Childhood Illness (IMCI) guidelines. We found 
that, assuming access to supplemental oxygen, pulse oximetry has the 
potential to avert an estimated 200,000 deaths if implemented across 
the 15 countries, whereas IMCI was found to have a relatively small 
impact on mortality. Pulse oximetry can significantly increase the incidence 
of correctly-treated cases as well as reduce the incidence of incorrect 
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treatment with antibiotics. We also found pulse oximetry to be highly 
cost-effective, with median estimates ranging from $2.46 to $9.43 per 
DALY averted in 14 of the 15 countries analysed (US$). This combination 
of significant burden reduction and high cost-effectiveness makes pulse 
oximetry a promising candidate for an intervention against pneumonia in 
resource-poor settings.

1839
HOUSEHOLD-LEVEL RISK FACTORS FOR SECONDARY 
INFLUENZA-LIKE ILLNESS IN A RURAL AREA OF 
BANGLADESH

Anne M. Weaver1, Manoshi Islam2, Kaniz Khatun-e-Jannat2, 
Emily Cercone3, Margaret A. DiVita4, Kimberly Krytus3, Badrul 
Munir Sohel2, Makhdum Ahmed2, Abid Mahmud Rahman2, 
Mustafizur Rahman2, W. Abdullah Brooks5, Eduardo Azziz-
Baumgartner6, Jihnhee Yu3, Alicia M. Fry6, Stephen P. Luby7, Pavani 
K. Ram3

1Indiana University, Indianapolis, IN, United States, 2International Centre 
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Influenza-like illness (ILI) is an important public health concern in 
Bangladesh. Individuals with ILI are likely to transmit their illness to close 
contacts, including household members. Household-level risk factors 
for secondary ILI in a low-income, vulnerable population have not been 
characterized. We conducted secondary data analysis from participants 
in the control arm of a randomized controlled trial of handwashing and 
secondary ILI. We recruited index case-patients with ILI--fever (<5 years), 
fever, cough or sore throat (≥5years)--from health facilities, collected 
information on household factors, and conducted syndromic surveillance 
on all household contacts for ten days after resolution of index case-
patients’ symptoms. We conducted multivariable negative binomial 
regression to evaluate the effects of household factors on risk of secondary 
ILI among household contacts and accounting for clustering by household. 
A wealth index was created using principal components analysis of 
household assets. We analyzed data from 1491 household contacts of 
184 index case-patients. Mean age was 26 years. Most (71%) reported 
that smoking occurred in their home, 27% shared a latrine with 1 other 
household, and 36% shared a latrine with >1 other household. A total 
of 114 participants had symptoms of ILI during follow-up. Smoking in 
the home (RRadj 1.91, 95% CI 1.23-2.96), and sharing a latrine with 1 
other household (RRadj 2.07, 95% CI 1.18, 3.64) or >1 household (RRadj 
3.08, 95% CI 1.81-5.23) compared to not sharing, were independently 
associated with increased risk of secondary ILI, even after adjustment for 
wealth. These results suggest that efforts to reduce tobacco use in homes 
could reduce respiratory illness in Bangladesh. The association between 
use of shared latrines and household ILI transmission had not previously 
been demonstrated. It is possible that certain respiratory pathogens could 
be transmitted effectively through contact with feces or contaminated 
fomites present in shared latrines; future research could investigate these 
mechanisms in more depth.

1840
RESPIRATORY VIRAL DETECTIONS DURING SYMPTOMATIC 
TO ASYMPTOMATIC PERIODS IN YOUNG ANDEAN CHILDREN

Leigh M. Howard1, Monika Johnson1, John V. Williams2, Yuwei 
Zhu3, Ana I. Gil4, Kathryn M. Edwards1, Marie R. Griffin5, Claudio 
F. Lanata4, Carlos G. Grijalva6
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TN, United States, 4Instituto de Investigacion Nutricional, Lima, Peru, 
5Department of Pediatrics, Vanderbilt University, Nashville, TN, United 
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Viruses are commonly detected in children with acute respiratory 
illnesses (ARI) and in asymptomatic children. Longitudinal studies of viral 
detections during asymptomatic periods surrounding ARI could facilitate 
interpretation of viral detections but are currently scant. Methods. We 
used reverse transcription-polymerase chain reaction (RT-PCR) to analyze 
respiratory samples from young Andean children for viruses during 
asymptomatic periods within 8-120 days of index ARI (cough or fever). 
We compared viral detections over time within children and explored RT-
PCR cycle thresholds (CT) as surrogates for viral loads. Results. At least 
one respiratory virus was detected in 367 (43%) of 859 samples collected 
during asymptomatic periods, with more frequent detections in periods 
with rhinorrhea (49%) than those without (34%, p<0.001). Relative to 
index ARI with human rhinovirus (HRV), adenovirus (AdV), respiratory 
syncytial virus (RSV), and parainfluenza virus (PIV) detected, the same virus 
was also detected during 32%, 22%, 10%, and 3% of asymptomatic 
periods, respectively. RSV was only detected 8-30 days after index RSV ARI, 
whereas HRV and AdV were detected throughout asymptomatic periods. 
Human metapneumovirus (MPV) and influenza were rarely detected during 
asymptomatic periods (<3%). No significant differences were observed in 
the CT for HRV or AdV during asymptomatic periods relative to ARI. For 
RSV, CT were significantly lower during ARI relative to the asymptomatic 
period (p=0.03). Conclusions. These findings indicate that influenza, 
MPV, PIV, and RSV detections in children with ARI usually indicate a 
causal relationship. When HRV or AdV is detected during ARI, the causal 
relationship is less certain.

1841
DESCRIPTION OF THE POPULATION STRUCTURE TO GENETIC 
DIVERSITY OF MYCOBACTERIUM TUBERCULOSIS AMONG 
PATIENTS OF HAITIAN ORIGIN LIVING IN FLORIDA

Marie N. Seraphin1, Alice M. Abernathy1, Richard T. Doggett2, J. 
Glenn Morris1, Michael Lauzardo1

1University of Florida, Gainesville, FL, United States, 2Florida Department of 
Health, Tallahassee, FL, United States

Individuals of Haitian origin have one of the highest tuberculosis (TB) 
case rates in Florida. However, literature on the propensity of certain 
M. tuberculosis strains to transmit faster than background rate in this 
population is limited. We investigated the genetic diversity, occurrence of 
strain emergence, and determinants of emergent strains among Haitians 
living in Florida. All culture confirmed TB cases reported to the Florida 
Department of Health (FDOH) are genotyped using spoligotyping and 
MIRU. We analyzed data on 482 TB cases of Haitian origin reported to 
FDOH from 2002 to 2014. We used the web application MIRU-VNTRplus 
for strain family and shared international types (SIT) assignment. We used 
SpolTools and the program DESTUS to asses strain emergence, recent 
transmission index and genetic diversity. In multivariate regression, we 
measured the socio-demographic and clinical determinants of strain 
emergence. Of the 482 strains, 136 (28.2%) belonged to the Haarlem 
lineage, 130 (27.0%) to the LAM lineage and 91 (18.8%) to the T lineage. 
SIT50, H3 sub-lineage, was the most common spolygotype with 59 
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strains (12.2%). Sixty two spoligotypes were identified as orphans. The 
different isolates were characterized into 114 genotypes with average 
cluster size of 4.2, recent transmission index and clustering rate of 0.76 
and 0.24 respectively, and a virtual heterozygosity of 0.040. Adjusting 
for false discovery rate, The H3 sub-lineage, was identified as emergent 
(θ=46.84, p=2.44×10-04, q=0.02785), i.e. spreading faster than 
background transmission rate. A history of incarceration (AOR=7.63, CI: 
1.17, 49.79; p=0.0337) was the strongest predictor of strain emergence 
after controlling for age, gender, years in the US, HIV status, initial drug 
resistance, site of disease, illicit drug and alcohol use, and homelessness. 
The H3 sub-lineage seems to be emerging in Haitian communities in 
Florida, largely driven by exogenous infection among individuals with a 
history of incarceration. Renewed efforts to track and treat TB patients of 
Haitian origin are warranted to curtail the spread of this Mtb clone.

1842
EXPANSION OF TYPE 1 CYTOKINE PRODUCING CD4+T 
CELLS OCCURING IN DISTINCT MEMORY COMPARTMENTS 
DELINEATES LATENT VS. ACTIVE TUBERCULOUS DISEASE

Soumya Chatterjee1, Pavan Kumar2, Subash Babu2, Thomas B. 
Nutman1

1National Institutes of Health/National Institute of Allergy and Infectious 
Diseases, Bethesda, MD, United States, 2NIH-ICER/NIRT, Chennai, India

Optimal CD4+ responses in the control of tuberculosis (TB) caused by 
Mycobacterium tuberculosis (Mtb) depends on antigen-specific, protective 
type 1 cytokine producing stable precursor memory pool. The quality 
of these responses in active pulmonary (PTB) versus latent TB (LTBI) is, 
however, poorly understood. We used multiparameter flow cytometry on 
whole blood from 9 LTBI and 10 PTB subjects to assess the nature of Mtb 
antigen (Ag) (ESAT6 and CFP10, E6/C10)-specific memory T cell responses. 
At baseline, PTB subjects compared to LTBI had increased frequencies of 
total CD4+IFN-γ+ cells (median frequency 0.4 % vs. 0.11, p= 0.01) as well 
as CD4+IFN-γ+TNF-α- (median frequency 0.35 % 0.1%, p= 0.004) and 
CD4+IFN-γ+IL-2- cells (median frequency 0.05 % 0.23%, p= 0.04). No 
differences were seen in the absolute frequencies of total CD4+TNF-α+ 
or CD4+IL-2+ cells. Interestingly, within CD4+IFN-γ+ cells, PTB subjects 
showed increased frequencies of cells with a naïve-like phenotype 
(CD45RA+CCR7+, NV, median frequency 9.2% vs. 2.7%, p=0.05) as well 
as stem cell like memory cells (CD45RA+CCR7+CD27+CD95+, TSCM) 
(median frequency 1.5% vs. 0.001%, p=0.02). The PTB group showed 
increased CD4+IFN-γ+TNF-α- cells frequencies in the TSCM compartment 
(median frequency 0.6% vs.% 0.001%,p=0.03) while increased CD4+ 
IFN-γ+IL-2- cells were seen in the TEMRAs (CD54RA+CCR7-) (median 
frequency 8.3% vs. 2.2 %, p= 0.01). On E6/C10 stimulation, however, LTBI 
subjects showed an increased net frequency of CD4+IFN-γ+ cells in Central 
memory (CD45RA-CCR7+, TCM) (median net frequency 8.5 % vs. -3.3%, 
p=0.05) and TSCM cells (median net frequency 0.01 % vs. -0.4%, p=0.03) 
compared to PTB. Finally, the LTBI group showed E6/C10-specific increased 
net frequencies of CD4+IL-2+ cells in the NV compartment (median 
net frequency 3.09% vs. 0.8% PTB, p=0.05). These data suggest that 
although increased baseline CD4+ IFN-γ+ responses in are seen in subjects 
with PTB, Mtb- antigen specific increased IFN-γ and IL-2 within precursor 
CD4+ memory cells (TCM and TSCM) as seen in LTBI subjects might be 
associated with infection containment.
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VIRUS TO HUMAN METAPNEUMOVIRUS INFECTIONS 
AMONG CHILDREN IN THE REMOTE HIGHLANDS OF PERU

Andrew Wu1, Philip J. Budge2, John V. Williams3, Marie R. Griffin4, 
Kathryn M. Edwards5, Monika Johnson6, Yuwei Zhu7, Stella 
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The disease burden and risk factors for respiratory syncytial virus (RSV) 
and human metapneumovirus (MPV) infections among children living in 
remote, rural areas remain unclear. Methods: We conducted a prospective, 
household-based cohort study of children aged <3 years living in remote 
rural highland communities in San Marcos, Cajamarca, Peru. Acute 
respiratory illnesses (ARI), including lower respiratory tract infection (LRTI), 
were monitored through weekly household visits from March 2009 
through September 2011. Nasal swabs collected during ARI/LRTI were 
tested for RSV, MPV, and other respiratory viruses using real-time RT-PCR. 
Incidence rates and rate ratios were calculated using mixed effects Poisson 
regression. Results: Among 892 enrolled children, incidence rates of RSV 
and MPV ARI were 30 and 17 episodes per 100 child-years, respectively. 
The proportions of RSV and MPV ARI that presented as LRTI were 12.5% 
and 8.9%, respectively. Clinic visits for ARI and hospitalizations were 
significantly more frequent (all p values <0.05) among children with RSV 
(clinic 41% and hospital 5.3%) and MPV ARI (38% and 3.5%) when 
compared with other viral infections (23% and 0.7%) and infections 
without virus detected (24% and 0.6%). In multivariable analysis, risk 
factors for RSV detection included younger age (RR 1.02, 95% CI: 1.00-
1.03), the presence of a smoker in the house (RR 1.63, 95% CI: 1.12-
2.38), residing at higher altitudes (RR 1.93, 95% CI: 1.25-3.00 for 2nd 
compared to 1st quartile residents; RR 1.98, 95% CI: 1.26-3.13 for 3rd 
compared to 1st quartile residents). Having an unemployed household 
head was significantly associated with MPV risk (RR 2.11, 95% CI: 1.12-
4.01). Conclusion: In rural high altitude communities in Peru, childhood 
ARI due to RSV or MPV were common and associated with higher 
morbidity than ARI due to other viruses or with no viral detections. The 
risk factors identified in this study may be considered for interventional 
studies to control infections by these viruses among young children from 
developing countries.

1844
PNEUMONIA FORGOTTEN NO MORE: PNEUMONIA.ORG.AU

Brian Greenwood
London School of Hygiene &Tropical Medicine, London, United Kingdom

In 1992, pneumonia was described as the “forgotten pandemic” and 
remains the most common cause of childhood mortality in the developing 
world. In 2006 at ISPPD5 in Alice Springs, Australia, a declaration was 
issued for the development of a global action plan against childhood 
pneumonia. In 2009, at a Tri-Nation (Indonesia, Papua New Guinea and 
Australia) meeting held in Sydney, Australia, it was resolved to establish 
a journal dedicated to pneumonia. The pneumonia journal (www.
pneumonia.org.au) was launched in 2012. Since that time, pneumonia 
has strived to be internationally recognised as the premier, open access, 
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peer-reviewed Journal for publishing on the topic of pneumonia. In 
December 2014, a Gates Foundation Grant was awarded to the Journal 
to assist with the development of a sustainable business platform. The 
esteemed Editorial Board currently has over 40 international members 
and regional Deputy Editor-in-Chiefs appointed in Australiasia, North 
and South America, Asia, Africa and Europe. pneumonia is indexed 
by Google Scholar and the Directory of Open Access Journals. An 
application has been made for Scopus listing and systems are in place 
for an application to MEDLINE and PubMed. Recognising the importance 
of rapid dissemination of research, a continuous publication model is 
used. To date over 20 manuscripts have been published with as many in 
the pipeline. The Journal site has been accessed from over 150 countries 
across all continents and has had over 80,000 page views with greater 
than 65% of these visits being from new visitors. pneumonia is currently 
partnered with the Lung Foundation Australia, the Influenza Specialist 
Group (Australia) and the World Pneumonia Day Coalition to advocate for 
and increase the awareness of pneumonia appropriate to a broad range of 
communities globally. pneumonia is published by Griffith University ePress 
and is supported by the University and philanthropic sources. pneumonia 
has a major commitment to becoming the international forum for the 
distribution of quality, peer-reviewed content on pneumonia and raising 
the global profile of the disease - to be forgotten no more!!

1845
THE ROLE OF VASCULAR REMODELING IN THE 
IMMUNOPATHOLOGY OF LEISHMANIA INFECTION

Tiffany S. Weinkopff, Christoph Konradt, David Christian, Phillip 
Scott
University of Pennsylvania, Philadelphia, PA, United States

Cutaneous leishmaniasis is caused by intracellular protozoan parasites, 
and has a wide spectrum of clinical presentations mediated in large part 
by an exaggerated inflammatory response. Since vascular remodeling 
contributes to the magnitude of the inflammatory response, we 
hypothesized that manipulation of the cellular and molecular mediators 
promoting vascular remodeling might provide a novel approach to limit 
pathology in leishmaniasis. To address this, we first characterized the 
vascular remodeling that occurs in mice infected with Leishmania major. 
We found dramatic changes in vessel morphology, structure, and number 
within leishmanial lesions, and using intravital imaging we visualized 
a significant increase in vascular permeability that is a consequence of 
vascular remodeling in leishmaniasis. At the peak of infection, VEGF-A and 
VEGFR-2 expression were upregulated and correspondingly endothelial 
cells were proliferating at the site of infection. To determine if these VEGF-
mediated responses contributed to the magnitude of the pathology in the 
disease, we treated L. major infected mice with neutralizing antibodies 
directed against VEGFR-2. This treatment led to a decrease in the 
pathology seen in L. major infected mice compared with control animals. 
Taken together these data suggest that VEGF-A-mediated vascular 
remodeling occurs in leishmaniasis and that blockade of this remodeling 
can lessen the magnitude of the immunopathology associated with this 
disease.

1846
SKIN RESIDENT MEMORY CD4+ T CELLS ENHANCE 
PROTECTION AGAINST LEISHMANIA MAJOR INFECTION

Nelson D. Glennie1, Venkata A. Yeramilli1, Daniel P. Beiting1, 
Susan W. Volk1, Casey T. Weaver2, Phillip Scott1

1University of Pennsylvania, Philadelphia, PA, United States, 2University of 
Alabama at Birmingham, Birmingham, AL, United States

Leishmania-infected patients become refractory to reinfection following 
disease resolution, and following a primary infection with Leishmania 
major C57BL/6 mice are highly resistant to reinfection, yet effective 
immune protection has not been achieved by vaccines. While circulating 
Leishmania-specific T cells are known to play a critical role in immunity, the 

role of memory T cells present in peripheral tissues has not been explored. 
We have identified a population of Leishmania-specific memory CD4+ 
T cells present in the skin of mice that have resolved a primary infection 
with L. major. These cells are present in skin distant from the primary 
infection, and produce IFNγ in response to L. major stimulation. Using skin 
grafts we show that they are resident in the skin, rather than recirculating. 
Following Leishmania challenge, these cells enhance the early recruitment 
of circulating T cells to the skin in a CXCR3 dependent manner, resulting 
in better control of the parasites. Our findings indicate that protective 
immunity to Leishmania, and thus the success of a vaccine, may depend 
on generating both circulating and skin-resident memory T cells.

1847
LEISHMANIA MAJOR INFECTION INDUCES TRANSMISSIBLE 
ALTERATIONS IN THE SKIN MICROBIOME

Ciara Gimblet, Michael A. Loesche, Elizabeth A. Grice, Phillip 
Scott
University of Pennsylvania, Philadelphia, PA, United States

Cutaneous leishmaniasis is a disease characterized by ulcerating skin 
lesions, the resolution of which requires an effective, but regulated, 
immune response that limits parasite growth without causing permanent 
tissue damage. Studies have shown that skin commensals enhance the 
immune response to L. major, but how the microbiome changes during 
infection has not been characterized. Using analysis of the 16S ribosomal 
RNA gene, we found that infection with L. major causes a loss in bacterial 
diversity during the peak of infection, resulting in a dominance of the 
genus Staphylococcus. However once the lesions resolved, bacterial 
diversity returned to pre-infection levels. Alternatively, when mice 
developed more severely ulcerated lesions, the proportion of Streptococcus 
significantly increased on the lesions, demonstrating that L. major induced 
alterations in the skin microbiome can vary depending on the severity 
of disease. Strikingly, we observed similar changes in the microbiome 
on non-inflamed skin distant from the infection site, as well as in skin 
from cohoused naïve mice. These results indicate that the altered skin 
microbiome present at the site of infection is transmissible to uninfected 
skin despite having different immune responses at these sites. Current 
studies are directed at defining what factors mediate the changes in the 
skin microbiome during L. major infection and how this transmissible 
microbiome influences disease.

1848
FACTORS ASSOCIATED WITH PROTECTION OR 
SUSCEPTIBILITY TO DEVELOPMENTS OF DISEASE IN 
HOUSEHOLD CONTACTS OF CUTANEOUS LEISHMANIASIS 
PATIENTS

Edgar M. Carvalho1, Aline Muniz1, Ednaldo Lago1, Luiz Henrique 
Guimarães1, Lucas Carvalho1, Paulo Machado1, Augusto Carvalho1, 
Olívia Bacellar1, Marshall Glesby2

1Federal University of Bahia, Salvador, Brazil, 2Cornell University, New York, 
NY, United States

The majority of infected subjects in an area of L.braziliensis transmission 
have an asymptomatic or subclinical (SC) infection. While the Th1 
response is important for Leishmania killing, in patients with cutaneous 
leishmaniasis (CL) T cell activation and production of pro-inflammatory 
cytokines are associated with pathology. To better determine factors 
related to susceptibility and resistance to disease we have established a 
cohort of 308 household contacts (HC) of CL patients without previous 
or current evidence of CL in the endemic area of Corte de Pedra, Bahia, 
Brazil. Chemokine and cytokine levels and Leishmania skin test (LST) were 
performed at entry and in the years 2 and 4, and the association of the 
immune response with clinical outcome was analyzed. The immunologic 
response of HC who develop disease with those who remained disease 
free was also compared. Based on LST and, or in vitro IFN-γ production in 
cultures stimulated with SLA 114 (37%) subjects had evidence of exposure 
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to L.braziliensis. In 55 (17,8%) of them the LST was positive but in these, 
IFN-γ was only detected in 36 (65,4%). Moreover in 59 HC only IFN-γ 
production was observed. After 4 years of follow up CL was documented 
in 44 (14,2%) of 308 HC. The incidence of CL per 100 persons-years was 
0,92 in those who only produce IFN-γ and 4.2 in those with positive LST. 
The major source of IFN-γ were NK and CD4+ T cells. Monocytes from 
subjects with SC infection produce less oxidative burst than cells of CL 
patients upon L. braziliensis infection, but they had great ability to kill 
Leishmania independent of ROS and NO production. Our data indicate 
that a positive LST do not protect against CL due to L. braziliensis. Control 
of the infection was associated with IFN-γ production and negative LST 
and greater ability of monocytes to kill leishmaniasis.

1849
DYNAMICS OF ANTIGEN SPECIFIC CD4+ MEMORY T CELL 
RESPONSE DURING ACTIVE CUTANEOUS LEISHMANIASIS TO 
SIX MONTHS AFTER TREATMENT

Kenneth J. Gollob1, Tatjana S. Keesen2, Erica Vieira3, Paulo 
Machado4, Luis Guimarães4, Edgar Carvalho4, Walderez O. Dutra3

1Hospital Santa Casa-BH, Belo Horizonte, MG, Brazil, 2Federal University 
of Paraiba, Paraiba, Brazil, 3UFMG, Belo Horizonte, MG, Brazil, 4UFBA, 
Salvador, Bahia, Brazil

Human cutaneous leishmaniasis is a devastating tropical disease that 
affects millions globally and for which no effective vaccine exists. While 
there are effective treatments, problems with toxicity, compliance and 
resistance are serious issues that point to the need for the development 
of new treatments and vaccines. The immunoregulatory environment in 
individuals actively infected with L. braziliensis is a key factor associated 
with development or resolution of disease. Our understanding of the 
balance between memory cell compartments in active disease and 
following cure is not well understood. Thus, we undertook studies 
designed to investigate the balance between antigen specific CD4+ T 
cell memory subpopulations during active disease and six months after 
treatment. We report findings of CD4+ T cells from three compartments: 
central memory (CM (CD45RA-,CCR7+)), effector memory (EM (CD45RA-
,CCR7-)) and naïve (CD45RA+,CCR7+) as defined using multiparameter 
flow cytometry in a group of 13 CL patients following overnight cultures 
in media, with Soluble Leishmania Antigen (SLA) or polyclonal stimuli 
(anti-CD3/CD28). Our results indicate that in active disease and 6 months 
following treatment, the distribution of CD4+ subpopulations did not 
change and was on average; 30% CM, 45% EM and 20% naïve. We 
demonstrated significant increases in the frequency of cells expressing 
CD69, and the inflammatory cytokines; IFN-gamma and TNF-alpha, 
within the EM cell population following SLA stimulation. Interestingly, 
IL-10 producing cells where were not biased to the EM population and 
distributed between EM and CM. Six months post treatment, cultures 
stimulated with SLA showed a decrease in EM cells expressing CD69, IL-17 
and IL-10, while IFN-gamma, TNF-alpha and granzyme A producing EM T 
cells were maintained at similar levels or increased to that seen in active 
disease. There was a striking maintenance of the overall subpopulation 
balance during active disease and six months following treatment. 
These findings could help understand the balance between CD4+ T cell 
subpopulations and their maintenance over time after disease resolution.

1850
DEVELOPMENT OF A CANDIDATE LEISHMANIASIS VACCINE 
LEISH-F3 + GLA-SE

Rhea N. Coler1, Malcolm S. Duthie1, Kimberly A. Hofmeyer1, 
Lakshmi Jayashankar1, Jill Ashman1, Randall F. Howard1, Anna 
Marie Beckmann1, Dinesh Mondal2, Steven G. Reed1

1Infectious Disease Research Institute, Seattle, WA, United States, 
2International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, 
Bangladesh

Key antigens of Leishmania species identified in the context of host 
responses in Leishmania-exposed individuals were prioritized for the 
development of a subunit vaccine against visceral leishmaniasis (VL). 
Two Leishmania proteins – nucleoside hydrolase (NH) and a sterol 
24-c-methyltransferase (SMT), each of which are protective in animal 
models of VL when properly adjuvanted – were produced as a single 
recombinant fusion protein NS (LEISH-F3) for ease of antigen production 
and broad coverage of a heterogeneous MHC population. When 
formulated with GLA-SE, a TLR4 TH1-promoting adjuvant, the LEISH-F3 
polyprotein induced potent protection against both L. donovani and L. 
infantum in mice. A robust immune response to each component of 
the vaccine with polyfunctional CD4 TH1 cell responses, characterized 
by production of antigen-specific IFN, TNF, and IL-2, and low levels of 
IL-5 and IL-10, was induced in immunized mice. Based on the sum of 
pre-clinical data, we prepared GMP materials and performed a Phase 1 
clinical study with LEISH-F3 + GLA-SE in healthy, uninfected adults in the 
United States. The vaccine candidate was shown to be safe and induced 
a strong antigen-specific immune response, as evidenced by cytokine and 
immunoglobulin subclass data. These data provide a strong rationale for 
additional trials in Leishmania-endemic countries.

1851
EVALUATION OF TRYPANOSOMA CRUZI-SPECIFIC 
HUMORAL TO T CELL RESPONSES AFTER THERAPY WITH 
BENZNIDAZOLE IN CHILDREN IN THE EARLY CHRONIC PHASE 
OF CHAGAS DISEASE

Maria C. Albareda1, Ana María De Rissio1, Marisa Fernandez1, 
Alicia Serjan2, Gretchen Colley3, Maria G. Alvarez4, Laura Fichera1, 
Rodolfo Viotti4, Rick L. Tarleton3, Susana A. Laucella1

1Instituto Nacional de Parasitologia Dr M Fatala Chaben, Buenos Aires, 
Argentina, 2Hospital Fernandez, Buenos Aires, Argentina, 3University 
of Georgia, Athens, GA, United States, 4Hospital General Interzonal de 
Agudos Eva Peron, Buenos Aires, Argentina

We have previously shown that children in the indeterminate phase of 
Chagas disease have polifunctional T cells specific for T. cruzi, while the 
overall T cell compartment already shows signs of persistent antigen 
stimulation. In this study, the effect of treatment with benznidazole on 
humoral and cellular T cell responses specific for T. cruzi, as well as on the 
phenotype of the overall T cell compartment was evaluated in 21 T. cruzi-
infected children. Treatment with benznidazole induced an early decline 
in the total frequencies of activated (HLA-DR+) and highly differentiated 
memory (CD45RA-CD27-CD28-) and effector (CD45RA+CCR7-CD62L-) T 
cells along with a decrease in T. cruzi-specific IFN-γ- and IL-2-producing T 
cells. A significant fall in antibody levels specific for T. cruzi, as measured 
by the conventional serological tests, ELISA, immunofluorescence and 
hemagglutination, after 36 months following treatment with benznidazole 
was found. The non-conventional multiplex assay also detected a 
significant impact on humoral responses by 6 months post-treatment. The 
early decline in antibody levels found in children is in contrast with that 
observed in adults in which the fall in antibody levels is very slow. Our 
results show a significant impact on humoral and T cell responses after 
treatment with benznidazole which might be indicative of a reduction in 
parasite load.
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1852
SMALL RNA SIGNATURES OF A MIDGUT ESCAPE BARRIER 
IN CULEX QUINQUEFASCIATUS MOSQUITOES INFECTED BY 
WEST NILE VIRUS

Abhishek Prasad1, Doug Brackney1, Claudia Rueckert1, Darci 
Smith1, Selene Garcia-Luna1, Corey Campbell1, Jennifer Beane2, 
Gregory D. Ebel1

1Colorado State University, Fort Collins, CO, United States, 2Boston 
University, Boston, MA, United States

Small RNA regulatory pathways (SRRPs) are important regulators of 
endogenous pre- and post-transcriptional control in metazoans. The role 
of SRRPs such as the exogenous small-interfering RNA (exo-siRNA), PIWI-
interacting RNA (piRNA) and microRNA (miRNA) pathways in controlling 
arbovirus infection in insects has been the subject of intense study in 
recent years. The role of any of these pathways in vector competence, 
however, is poorly understood. To evaluate how SRRPs may contribute to 
vector competence, we identified Cx. quinquefasciatus mosquitoes that 
were susceptible to WNV but did not permit virus escape from the midgut 
into peripheral compartments after 14 days of extrinsic incubation. We 
then compared sRNA expression from these “elite controllers” of WNV to 
those that permitted virus dissemination. In particular we compared the 
intensity of sRNA targeting of the WNV genome, differential production 
of virus-derived small interfering RNAs (viRNAs) reads, and miRNA 
expression among these two groups of mosquitoes. We found that viRNAs 
differentially target 1,519 positions of the WNV genome, and that 177 
reads are differentially produced between groups. The most significantly 
differentially targeted positions and expressed viRNA reads targeted 
conserved structures in the 3’utr of the WNV genome. Similar results 
were obtained from analysis of sRNA reads corresponding to a larger size 
class (24-30nt in length). 1076 WNV genome positions were differentially 
targeted, but only 3 sRNA reads were differentially produced. These reads 
also tended to target conserved structures in the WNV 3’utr. A miRNA 
signature associated with the elite controller phenotype was also detected. 
These results indicate that SRRPs contribute to the formation of a midgut 
escape barrier in Cx. quinquefasciatus mosquitoes and provide novel 
insights into the molecular mechanisms that underpin vector competence 
in the Culex-WNV system.

1853
AVIAN INNATE IMMUNE RESPONSES TO WEST NILE VIRUS 
INFECTION

Nisha Duggal, Aaron C. Brault
Centers for Disease Control and Prevention, Fort Collins, CO, United States

Since the first reports of West Nile virus (WNV) in the U.S. in 1999, WNV 
has been maintained in North America in an enzootic cycle between 
highly susceptible passerine birds and mosquitoes. However, the mortality 
of passerine birds in response to WNV infection and the capacity for viral 
replication vary dramatically between viral strains and avian species. For 
example, American crows (AMCRs) inoculated with the North American 
strain of WNV (NY99) manifest high viremias with concomitantly high 
mortality rates. However, AMCRs inoculated with an African strain of 
WNV (KEN98) exhibit significantly lower viremias and mortality rates. In 
contrast, the viremias and mortality rates of NY99 and KEN98 are not 
significantly different in inoculated house sparrows (HOSPs). In order to 
understand these viral- and host-specific differences in WNV replication 
and mortality, the expression levels of avian interferon genes and other 
innate immune factors potentially involved in regulating WNV replication 
were measured by qRT-PCR in samples taken from AMCRs inoculated 
with NY99 or KEN98. To further probe the avian interferon response to 
WNV infection, AMCRs and HOSPs were inoculated with a WNV mutant 
lacking 2’-methyltransferase activity (NS5-E218A) that has been shown 
to be susceptible to restriction by the interferon-stimulated gene family 
IFIT in mammals. Replication of the NS5-E218A mutant virus was severely 
retarded in both avian species, suggesting that AMCR and HOSP antiviral 

responses are robust. However, in vitro WNV infectivity assays in cells 
overexpressing avian IFIT genes show that the avian IFIT homolog does 
not restrict the NS5-E218A mutant virus. Further studies of infected birds, 
including sequencing of the avian transcriptome, will help to define the 
passerine innate immune response to WNV infection.

1854
DECONSTRUCTING THE NEUTRALIZING ANTIBODY 
RESPONSE ELICITED BY A WEST NILE VIRUS VACCINE 
CANDIDATE

Leslie Goo, Julie E. Ledgerwood, Ted C. Pierson
National Institutes of Health, Bethesda, MD, United States

There is no licensed vaccine or therapy to protect humans against West 
Nile virus (WNV), a mosquito-borne encephalitic flavivirus. Although 
neutralizing antibodies (NAbs) are a correlate of protection for existing 
flavivirus vaccines, the epitopes recognized by anti-WNV NAbs are 
unknown. The main target of flavivirus NAbs is the E protein, which 
contains three structural domains (DI, DII, DIII). Two recent studies showed 
that, despite low sequence conservation, a flexible hinge between DI 
and DII is a primary target of NAbs against multiple DENV serotypes, 
raising the possibility that this region is a functionally important target 
of flavivirus NAbs. To explore the role of the hinge as a target of WNV 
NAbs, we created a library of E variants containing 31 mutations in 
surface-accessible hinge residues. Reporter virus particles incorporating 
each variant were tested for infectivity and characterized using a panel of 
well-characterized monoclonal antibodies (mAbs) to identify confounding 
changes in virion conformational integrity. An unexpectedly large fraction 
(18/31) of the hinge region variants displayed altered sensitivity to mAbs 
targeting poorly accessible distal epitopes. Preliminary characterization 
of one of these variants suggests that the overall changes in antigenicity 
were due to altered virion conformational dynamics, which allows the 
transient exposure of otherwise inaccessible epitopes. The remaining 
hinge mutations that did not alter overall antigenicity were tested for 
neutralization sensitivity to sera from recipients of a candidate WNV 
vaccine. We identified a combination of two mutations at proximal 
residues on the E protein that reduced neutralization potency of sera from 
multiple donors, suggesting a significant contribution of NAbs against the 
hinge to the overall neutralizing activity of polyclonal sera. Overall, these 
results will provide insight into the importance of DI-DII hinge in eliciting 
protective NAb responses against flaviviruses, and in regulating virion 
conformational changes.

1855
INFECTION, DISSEMINATION TO TRANSMISSION OF 
JAPANESE ENCEPHALITIS VIRUS IN NORTH AMERICAN 
CULEX MOSQUITOES

Yan-Jang S. Huang1, Susan M. Hettenbach1, Julie N. Harbin1, 
Stephen Higgs1, Alan D. Barrett2, Elin Maki3, Lee W. Cohnstaedt3, 
Dana L. Vanlandingham1

1Kansas State University, Manhattan, KS, United States, 2University of Texas 
Medical Branch, Galveston, TX, United States, 3United States Department 
of Agriculture, Manhattan, KS, United States

Japanese encephalitis virus (JEV) is a flavivirus transmitted by Culex 
species mosquitoes in Asia and sporadically Australia and Western Pacific. 
Because of the variation in surveillance and diagnostic methods, the true 
global incidence of Japanese encephalitis virus remains unknown with 
an estimated annual case number greater than 55,000. The geographic 
distribution of JEV has changed significantly in the last 30 years as JEV 
has expanded its geographic range. More recently, the detection of JEV 
viral nucleic acids was reported in Cx. pipiensin Italy and subsequently 
raised the concern of the emergence of JEV in Europe. With the 
presence of several species of Culex mosquitoes that are vectors in JEV 
endemic areas, susceptible vertebrate hosts present and no vaccination 
program implemented, the continuous threat of introduction of JEV into 
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North America remains a human and veterinary public health concern. 
Studies to determine the vector competence of North American Culex 
populations for the transmission of JEV are currently lacking. In this study, 
selected Culex species mosquitoes were orally challenged with JEV and 
characterized for viral infection and dissemination by the detection of 
infectious virions of JEV. Transmission of JEV was also evaluated by RT-PCR 
of viral nucleic acids in mosquito saliva.

1856
POTENTIAL FOR CO-INFECTION OF A NOVEL MOSQUITO-
SPECIFIC FLAVIVIRUS TO BLOCK HUMAN FLAVIVIRAL 
DISEASE AGENT INFECTION AND/OR TRANSMISSION IN 
MOSQUITOES

Silvina Goenaga1, Joan L. Kenney2, Nisha K. Duggal2, S. Levis1, 
Delia Enria1, Aaron C. Brault2

1Instituto Nacional de Enfermedades Virales Humanas, Pergamino, 
Argentina, 2Centers for Disease Control and Prevention, Fort Collins, CO, 
United States

Nhumirim virus (NHUV) represents an example of a unique subset of 
apparently insect-specific viruses that phylogenetically affiliate with 
dual-host mosquito-borne flaviviruses. Previous in vitro co-infection 
experiments indicated that prior or concurrent infection of mosquito 
cells with NHUV resulted in a 10,000-fold reduction in viral production 
of West Nile virus (WNV). In order to assess the potential for in vivo 
blockage of medically important flaviviruses in mosquitoes by NHUV, Cx. 
quinquefasciatus mosquitoes were intrathoracically inoculated with 
approximately 1,000 PFU of NHUV and 100 PFU of WNV or solely with 
WNV as a control. Mosquitoes were allowed to extrinsically incubate the 
viruses for 3, 5, 7 or 9 days prior to saliva collection by capillary tubes and 
subsequent trituration of the bodies for assessment of transmissibility and 
relative replication of the viruses, respectively. Results demonstrated 100% 
WNV infection of mosquitoes at all four time points in the control groups. 
Similarly, NHUV and WNV experimental co-infection groups exhibited 
100% WNV infection at dpi 5,7 and 9 with 90% infection rates in the co-
inoculated group at dpi 3. No significant differences in the mean viral titer 
from triturated bodies were observed at any time point between the dual 
and control WNV inoculation groups. Although there was an observed 
trend for the WNV titers in saliva to be higher in the control group 
compared to the dual infection group, this difference was not significant. 
Nevertheless, the proportion of mosquitoes (≥ 21 mosquitoes/ sampling) 
that were capable of transmitting WNV was significantly lower for the 
WNV/NHUV group than the WNV control at dpi 3, 7 and 9. By dpi 9, a 
40% reduction in transmissibility in mosquitoes from the dual inoculation 
group was observed compared to the WNV control. These data indicate 
the potential that infection of Culex vectors with NHUV could serve as a 
barrier for efficient transmissibility of flaviviruses associated with human 
morbidity/mortality.

1857
A THREE-DIMENSIONAL, MULTICELLULAR LIVER MODEL 
TO STUDY TRANSCRIPTIONAL ACTIVATION OF INNATE 
IMMUNE RESPONSE TO HEPATIC METABOLISM FOLLOWING 
INFECTION WITH WILD-TYPE OR ATTENUATED YELLOW 
FEVER VIRUS

Nicolas Masse-Deragon1, Nathalie Mantel2, Catherine Legras-
Lachuer1, Veronique Barban2

1Université Lyon 1, Lyon, France, 2Sanofi Pasteur, Marcy-L’Etoile, France

Most commercial Yellow Fever (YF) vaccines are based on the attenuated 
YF17D-204 strain derived by serial cultivation of wild-type YF Asibi virus. 
YF virus is highly hepatotropic in vivo and can replicate in vitro in human 
hepatocytes. No restriction of YF17D-204 replication, compared to YF 
Asibi, was observed in these cells. However, other liver cells populations 
like endothelial and macrophage cells were previously shown to be 

affected by YF virus infection, in vivo and in vitro, and could play a role 
in infection control. We have used a cell-spheroid liver model (InSphero™) 
including major human liver primary cells (hepatocytes, Kupffer and liver 
endothelial cells) to study transcriptional regulations following infection 
with YF viruses. Spheroids composed of primary hepatocytes only were 
used as controls. About 400 genes related to innate immunity and 
hepatic metabolism were analyzed by PCR array at different times post-
infection. No difference in transcriptional regulation of apoptosis-related 
genes (TNF-α, FASL, TRADD) was seen between the 2 viruses. YF17D-204 
infection was shown to induce earlier and stronger activation than YFAsibi 
infection (p-value<0.05) of type III (IFNλ1 and IFNλ2) and type I β (but 
not α) interferons, as well as a larger panel of ISGs. YF17D-204 infection 
also generated distinct JAK/STAT pathway regulations in liver spheroids 
and in hepatospheroids, suggesting that liver spheroids may respond 
hierarchically to infection, the non-parenchymal cells response shaping 
the hepatocytes one. Whole transcriptome analysis was also carried out 
by RNA-Seq at 11h post-infection. Analysis of upstream transcription 
regulators (Ingenuity® Pathway Analysis) confirmed the establishment of a 
strong, early antiviral profile after YF17D-204 infection (z-scores: 2.7-5.0, 
p-values<10-10) and predicted transcription regulation of liver metabolism-
related genes after YFAsibi infection(|z-score|≥2.3, p-value<10-3). Ongoing 
RNA-Seq studies at later infection times will provide more information on 
the ability of this liver model to mimic metabolic changes following wt 
Asibi infection in vivo.

1858
COMPREHENSIVE MUTAGENESIS OF HCV E1/E2 ENVELOPE 
TO EPITOPE MAP ANTI-ENV ANTIBODIES TO FUNCTIONAL 
RESIDUES CRITICAL FOR HCV INFECTIVITY

Jennifer M. Pfaff, Trevor Barnes, Edgar Davidson, Benjamin J. 
Doranz
Integral Molecular, Inc., Philadelphia, PA, United States

To obtain epitope maps for anti-HCV Envelope (E1/E2) monoclonal 
antibodies (MAbs), we individually mutated 552 residues of HCV (H77 
strain) E1/E2 to alanine. Each mutant was expressed in human cells and 
analyzed for its effects on MAb reactivity. This ‘Shotgun Mutagenesis’ 
approach offers the capability of mapping both linear and conformational 
epitopes, even for structurally complex proteins such as the oligomeric 
and glycosylated HCV Envelope protein. This approach identified critical 
amino acids required for the binding of dozens of MAbs, and has also 
been used to propose E2 disulfide bond cysteine pairs that are not resolved 
by the available E2 crystal structures. This approach has helped define the 
range of immunodominant structures on HCV E1/E2 and identify novel 
neutralizing antibody epitopes that can be used for the development of 
improved therapeutics, diagnostics, and vaccine candidates. In addition, 
to identify residues important for HCV infectivity we produced infectious 
HCV pseudoviruses from each mutant Env clone in the library. These 
pseudoviruses were used to evaluate each Env clone for infectivity on 
target cells. This allowed us to identify critical E1/E2 residues whose 
mutation eliminated HCV infectivity, identifying crucial HCV E1/E2 
structural components that enable HCV infectivity.

1859
UNDERSTANDING THE DISTRIBUTION OF CHOLERA 
BURDEN TO RISK IN AFRICA: SPATIAL MODELING TO GUIDE 
PREVENTION TO CONTROL EFFORTS

Sean M. Moore, Andrew A. Azman, Justin Lessler
Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States

There are an estimated 2.8 million cholera cases per year globally, but 
the majority of these cases are not detected or reported. Because of 
inadequate surveillance and reporting the global distribution of cholera 
risk and its public health burden are poorly known. Previous attempts to 
determine the burden of cholera globally, and specifically in Africa, have 
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relied on a limited number of case studies that do not capture the broad 
range of settings and environmental conditions where cholera occurs. 
Here we assemble a large database of cholera surveillance and incidence 
reports from a variety of government, scientific, and non-governmental 
agency sources, with a particular focus on sub-Saharan Africa where a 
majority of cholera cases have been reported in the past several decades 
but where the distribution of risk and burden is still poorly understood. 
We develop a hierarchical Bayesian modelling framework to estimate 
the cholera incidence and risk at a 5km scale across the entire African 
Continent. Our method allows us to synthesize environmental and 
socioeconomic variables with cholera incidence reports at different spatial 
and temporal scales and estimate cholera incidence at a high spatial 
resolution. Preliminary results for 10 countries in West Africa indicate a 
cumulative cholera incidence rate of 3.3 per 100,000 since 2009 with local 
incidence rates as high as nearly 8,000 per 100,000. Over four million 
people in these countries live in area with an annual incidence rate >100 
per 100,000. The resulting maps can be used to identify areas of high 
or low incidence (and risk) at finer spatial scales than the country-level, 
such as the province, district, or city-level. Work is ongoing to expand the 
model globally and incorporate additional explanatory variables. Improving 
our understanding of the spatial distribution of cholera and associating 
incidence with climate, environmental and socioeconomic factors will 
provide a basis for planning public health preventions to reduce cholera 
transmission.

1860
LABORATORY EVALUATION OF 
IMMUNOCHROMATOGRAPHIC RAPID DIAGNOSTIC TESTS 
FOR CHOLERA IN HAITI

Wilfredo R. Matias1, Abelard Cademil2, Fabrice E. Julceus2, Leslie 
M. Mayo-Smith3, Molly F. Franke1, Jason B. Harris3, Louise C. Ivers4

1Harvard Medical School, Boston, MA, United States, 2Zanmi Lasante, Saint 
Marc, Haiti, 3Massachusetts General Hospital, Boston, MA, United States, 
4Brigham & Women’s Hospital, Boston, MA, United States

Rapid diagnostic tests (RDTs) for cholera play a key role in responding 
to cholera epidemics. Because microbiological culture capacity is often 
non-existent in resource-poor settings where most cholera epidemics 
occurs, RDTs can allow early identification of Vibrio cholerae as the 
causative agent in outbreaks, facilitating the deployment of rapid public 
health measures. Despite their importance, evidence on the performance 
characteristics of the many available RDTs for cholera is scarce. This study 
evaluated the performance characteristics of two cholera RDTs: Span 
Diagnostic’s Crystal VC O1/O139 RDT, and Standard Diagnostic’s SD Bioline 
Cholera O1/O139 RDT, in a regional laboratory in Haiti, where a protracted 
cholera epidemic is now in its fifth year. We retrospectively reviewed de-
identified records from May 2014 to January 2015 of a laboratory-based 
surveillance program for Vibrio cholerae at Hôpital Saint-Nicolas in Saint-
Marc, Haiti. We analyzed 189 Crystal VC RDT results and 233 SD Bioline 
RDT results and compared these to culture results as the gold standard. Of 
236 cultures, 125 were positive for O1, 15 were positive for non-O1, and 
96 were negative for V. cholerae. Crystal VC demonstrated a sensitivity of 
98.8% (95% CI: 96.5%-100%) and specificity of 72.1% (95% CI: 63.5%-
80.7%). Notably, we documented a high percentage of V. cholerae O139 
positive results, with 39% of all tests showing positive results for O139. 
Given the absence of V. cholerae O139 in Haiti, these are likely a result 
of cross-reactivity. SD Bioline demonstrated a sensitivity of 77.7% (95% 
CI: 70.3%-85.1%) and specificity of 93.7% (95% CI: 89.2%-98.2%). SD 
Bioline did not demonstrate the O139 cross-reactivity seen with Crystal 
VC, as no O139 positive results were documented. This study highlights 
the suboptimal specificity of Crystal VC, and brings attention to a high 
rate of O139 cross reactivity, a characteristic that may adversely impact 
its interpretation in the field. Additionally, it is the first study to document 
the performance characteristics of the SD Bioline RDT that unlike other 
available cholera RDTs, shows high specificity but low sensitivity.

1861
‘O ANTIGENIC’ POLYSACCHARIDE SPECIFIC MEMORY B CELL 
RESPONSES IN YOUNG CHILDREN, OLDER CHILDREN TO 
ADULTS INFECTED WITH VIBRIO CHOLERAE O1 OGAWA IN 
BANGLADESH

Amena Aktar1, M. Arifur Rahman1, Sadia Afrin1, Aklima Akter1, 
Taher Uddin1, Omar Faruk1, Israk Nur Sami1, Tahirah Yasmin1, 
Fahima Chowdhury1, Ashraful I. Khan1, Daniel T. Leung2, Pavol 
Kovac3, Peng Xu3, Stephen B. Calderwood2, Jason B. Harris2, 
Firdausi Qadri1, Edward T. Ryan2

1International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, 
Bangladesh, 2Massachusetts General Hospital, Harvard Medical School, 
Boston, MA, United States, 3National Institutes of Health, Bethesda, MD, 
United States

Infection with Vibrio cholerae O1 causes the cholera, which can be life 
threatening if quick and proper treatment is not given especially in severe 
dehydrating cases. It has been considered that long term protection 
against cholera may be mediated by anamnestic memory B cell responses 
after natural infection with V. cholerae O1. Protection against cholera 
is serogroup specific, and serogrouping is defined by the O-specific 
polysaccharide (OSP) of lipopolysaccharide (LPS). We determined Ogawa 
O-specific polysaccharide (OSP) and Lipopolysaccharide (LPS) specific 
memory B cell responses as well as other immune responses in Bangladesh 
in patients with cholera. They included young children (2 to 5 years of 
age; n= 11), older children (6 to 17 years of age; n=21) and adults (18 to 
55 years of age; n=28). Patients were studied after hospitalization (day 
2) as well as at convalescence at day 7, day 30, day 90 and day 180. 
We observed vibriocidal antibody responses that lasted up to the follow 
up periods (P<0.05) in both older children and adults while responses 
decreased to the baseline levels by 3 months in younger children. Patients 
of all age groups developed OSP and LPS specific plasma IgA, IgG and 
IgM antibody responses within 7 days (P<0.01) of onset of disease which 
decreased to baseline values at convalescence at 6 months; adults showed 
higher OSP and LPS specific antibody responses than children. We also 
found that in all age groups OSP specific IgA and IgG memory B cell 
responses developed within 30 days of illness, which persisted throughout 
the follow-up period. In addition, they also developed LPS specific IgA 
memory B cell by day 30 (P <0.02). All age groups had comparable 
memory B cell responses to OSP and LPS while children had higher OSP 
IgA memory B cell responses than adults (P <0.05) on days 30 and 180. 
We describe for the first time OSP-specific memory B cell responses in all 
age groups of cholera patients and show that the responses persist over 
the study period, which suggest that OSP-specific memory B cell may play 
a role in mediating long term immunity against cholera.

1862
CHARACTERIZATION OF DUODENAL MUCOSAL ASSOCIATED 
INVARIANT T (MAIT) CELLS IN VIBRIO CHOLERAE INFECTION

M. Arif Rahman1, Taufiq R. Bhuiyan1, Mohammad Rubel Hoq1, 
Rasheduzzaman Rashu1, Mohammad Ikhtear Uddin1, Amena 
Aktar1, Ashraful I. Khan1, Fahima Chowdhury1, Jason B. Harris2, 
Stephen B. Calderwood2, Edward T. Ryan2, Firdausi Qadri1, Daniel 
T. Leung3

1Centre for Vaccine Science, International Centre for Diarrhoeal Disease 
Research, Bangladesh, Dhaka, Bangladesh, 2Division of Infectious Diseases, 
Massachusetts General Hospital, Boston, MA, United States, 3Division of 
Infectious Diseases, University of Utah, Salt Lake City, UT, United States

Cholera is an acute dehydrating diarrheal disease caused by Vibrio 
cholerae O1 infection. The mechanisms of protection against cholera are 
not well known. MAIT cells are recently described innate-like T cells with 
adaptive capacity. We have previously shown that circulating MAIT cells 
are activated during cholera and associated with V. cholerae LPS-specific 
antibody responses. The objective of this study was to characterize MAIT 
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cells in the intestinal mucosa during cholera. We collected peripheral blood 
and duodenal biopsy specimens by endoscopy from adults with confirmed 
V. cholerae O1 infection at days 2 and 30 after onset of disease. 
Preliminary data using multispectral fluorescence microscopy suggest that 
MAIT cells are mostly present in the crypt of the duodenal lamina propria 
and are more abundant at day 2 post illness compared with day 30. 
Using flow cytometry, we found that a greater percentage of duodenal 
MAIT cells are activated (CD38+) than those in the periphery at both time 
points. Stool alpha-1-antitrypsin, a marker of intestinal permeability, was 
correlated with a decrease in % of activated MAITs between days 2 and 
30. More complete results, including analysis of corresponding LPS-specific 
antibody responses, will be available at time of presentation.

1863
SMALL INTESTINE BACTERIAL OVERGROWTH IN 
BANGLADESHI TWO YEAR OLDS

Jeffrey Donowitz1, Rashidul Haque2, Beth Kirkpatrick3, Jennie 
Ma4, Masud Alam2, Miao Lu4, Ross Colgate3, William Petri4
1Virginia Commonwealth University, Richmond, VA, United States, 
2International Centre for Diarrhoeal Disease Research, Bangladesh, 
Dhaka, Bangladesh, 3University of Vermont, Burlington, VT, United States, 
4University of Virginia, Charlottesville, VA, United States

Small intestine bacterial overgrowth (SIBO) has been associated with 
adverse nutritional outcomes, intestinal inflammation, and increased 
intestinal permeability when overgrowth is secondary to preexisting 
intestinal pathology. Children living in unsanitary conditions have 
high rates of SIBO despite having no predisposing condition. Limited 
information is known about the detrimental effects of SIBO when 
overgrowth develops in the setting of poor sanitation. We tested for SIBO 
via glucose hydrogen breath testing at 2 years of age in a cohort of 90 
Bangladeshi infants. Children had C-reactive protein (CRP), endotoxin 
core- antibody (endocab), fecal Reg 1β, Lactulose:Mannitol ratio (L:M), and 
anthropometric indices measured. All children were previously enrolled in 
the PROVIDE study, a longitudinal birth cohort designed to investigate oral 
vaccination failure and environmental enteropathy. As part of PROVIDE, an 
extensive collection of biomarkers for enteropathy as was available. This 
data was analyzed via multivariate logistic regression and smoothly clipped 
absolute deviation (SCAD) to identify possible predictors of SIBO from a set 
of 50 biomarkers collected during the first 24 weeks of life. The incidence 
of SIBO was 16.7% (15/90). Children with SIBO had a greater mean loss 
in height-for-age Z score from birth to 2 years than those without (-.86 
versus -.35, p value 0.03). Mean Reg 1β was higher in the children with 
overgrowth (116.75 µg/ml versus 65.62 µg/ml, p value .022). CRP, L:M, 
and endocab, were not statistically different in children with SIBO. Serum 
zinc level and fecal calprotectin were identified via both logistic regression 
and SCAD as possible predictors of SIBO. This data shows that SIBO due 
to unsanitary living conditions is associated with intestinal epithelial cell 
damage but not increased systemic inflammation. An increased rate of 
stunting in the first 2 years is associated with the development of SIBO 
which, along with increased fecal calprotectin and serum zinc levels in 
infancy, may represent a phenotypic predisposition to development of SIBO 
in the developing world setting.

1864
A COMPARISON OF DIARRHEAL SEVERITY SCORES IN A 
MULTISITE COMMUNITY BASED STUDY

Gwenyth Lee1, Stephanie Richard2, Gagandeep Kang3, Eric 
Houpt4, Jessica Seidman2, Laura Pendergast5, Richard L. Guerrant4, 
Laura E. Caulfield1, Robert E. Black1, Margaret Kosek1

1Johns Hopkins School of Public Health, Baltimore, MD, United States, 
2Fogarty International Center, National Institutes of Health, Bethesda, MD, 
United States, 3Christian Medical College, Vellore, India, 4University of 
Virginia, Charlottesville, VA, United States, 5Temple University, Philadelphia, 
PA, United States

There is a lack of consensus on how best to measure diarrheal severity. 
Several severity scores based on caregiver-reported symptoms have 
been published, but the performance of these in relation to child health 
outcomes is unclear. The MAL-ED study is a multi-site, prospective birth 
cohort. In this report, we describe a modified Vesikari score (MAL-ED 
score), as well as two previously published severity scores, one by Clark 
and colleagues, and one derived from a Peruvian cohort study (Community 
Diarrheal Severity (CODA) score). The association between these scores 
and the risk of hospitalization was tested by means of receiver operating 
characteristic analysis, and each score was also related to short-term 
weight gain, illness etiology, and moderate-to-severe diarrhea (MSD) 
as defined by dysentery, health-care worker diagnosed dehydration, 
or hospitalization. A total of 9,803 episodes of non-persistent diarrhea 
from 1681 unique children were considered. There were 135 cases of 
hospitalization and 1,147 episodes (11.7%) met the definition of MSD. 
The area under the curve of each score as a predictor of hospitalization 
was 0.82 (Clark), 0.84 (MAL-ED), and 0.87 (CODA). Agreement with 
MSD diarrhea was lower (AUC= 0.65, 0.68, 0.70 for Clark, MAL-ED, and 
CODA respectively). Relative to enteropathogen-negative episodes, mean 
scores were higher during rotavirus- and adenovirus-positive diarrhea and 
lower during campylobacter- and giardia-positive diarrhea; and the mean 
MAL-ED or CODA scores were also significantly higher during astrovirus-, 
ETEC-, norovirus- and cryptosporidium-positive illness. Although families 
were more likely to seek care for severe diarrhea across all sites, our results 
also suggest that a large percentage of these cases never reached the 
health care system. Diarrhea severity scores based on maternal report are 
able to predict relevant child health related outcomes. They may therefore 
be useful in estimating the burden of disease, and the impact of disease 
control interventions, in community-based studies where not all episodes 
will necessarily reach the health care system.

1865
ASSOCIATION BETWEEN ENTEROPATHOGENS TO 
MODERATE-TO-SEVERE MALNUTRITION IN CHILDREN AGED 
6-24 MONTHS IN DHAKA, BANGLADESH (MAL-ED): A CASE-
CONTROL STUDY

James A. Platts-Mills1, Mami Taniuchi1, Md. Jashim Uddin2, 
Shihab U. Sobuz2, Mustafa Mahfuz2, Md. Abdul Gaffar2, Dinesh 
Mondal2, Md. Iqbal Hossain2, Munirul Islam2, William A. Petri1, 
Rashidul Haque2, Eric R. Houpt1, Tahmeed Ahmed2

1University of Virginia, Charlottesville, VA, United States, 2International 
Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh

The association between individual enteropathogens or cumulative 
pathogen burden and malnutrition in the absence of diarrheal disease 
remains poorly understood. As part of the MAL-ED study, we sought 
to identify pathogens associated with malnutrition by performing a 
case-control study of children presenting to a nutrition clinic in Dhaka, 
Bangladesh. Moderate to severely underweight children [weight for 
age Z score (WAZ) <-2] aged 6-24 months were enrolled as cases, and 
better nourished children aged 6-24 months (WAZ > -1) were enrolled 
as controls. All stools (500 cases and 480 controls) were tested using 
conventional bacterial culture as well as PCR for diarrheagenic E. coli 
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subtypes and by enzyme immunoassay (EIA) for rotavirus, adenovirus, 
astrovirus, Entamoeba histolytica, Giardia, and Cryptosporidium. A 
random subset of 202 cases and controls were also tested for a broader 
range of pathogens with arrayed, singleplex quantitative PCR using 
TaqMan Array Cards (TAC). The association between pathogens and 
malnutrition was estimated using age- and sex-adjusted logistic regression. 
By conventional culture, only detection in stool of Campylobacter 
was associated with malnutrition. In the subset tested by TAC, 
Campylobacter, LT-ETEC, Aar-negative EAEC, Shigella, Norovirus GII and 
Giardia detection were associated with malnutrition. This set of pathogens 
was used to define a pathogen burden score. In a multivariate model, age, 
drinking water outside of the home and pathogen burden were associated 
with malnutrition, and higher income was associated with better 
nourished children. In this exploratory analysis, a subset of pathogens were 
identified for incorporation into a metric of pathogen burden, which could 
be validated in other studies of early childhood growth. Pathogen burden 
was an independent risk factor for malnutrition.

1866
URBAN MALARIA RISK CHARACTERISTICS FROM MULTIPLE 
METRICS OF THE URBAN-TO-RURAL CONTINUUM: 
RELATIONSHIPS WITH ANOPHELES VECTOR ABUNDANCES 
IN BLANTYRE, MALAWI

Mark L. Wilson1, Nicole F. Dear1, Themba Mzilahowa2, Don P. 
Mathanga3, Terrie E. Taylor4, Edward D. Walker4

1University of Michigan School of Public Health, Ann Arbor, MI, United 
States, 2Malaria Alert Centre, College of Medicine, University of Malawi, 
Blantyre, Malawi, 3College of Medicine, University of Malawi, Blantyre, 
Malawi, 4Michigan State University, East Lansing, MI, United States

Malaria risk in urban, peri-urban, and urban slum settings is becoming 
a major concern as urbanization swells in malaria endemic countries. 
Analysis of such malaria risk is complicated by multiple definitions of 
what is “urban,” but also by uncertainty in where transmission occurs. 
We analyzed household-level Anopheles mosquito abundance patterns 
across an urban-to-rural continuum in and around the city of Blantyre, 
Malawi. As the country’s “commercial capital,” Blantyre (~1.1M pop.) has 
highly diverse land use/land cover (LU/LC) inside its ~225 sq km city limits. 
Mosquito abundance was sampled during the rainy and dry seasons of 
2015 with light-traps and aspiration at 320 houses in 64 locations situated 
~2.5km equidistant along 8 transects radiating outward from the city 
center. Using household geolocations, GIS-based data on geographical 
features, and satellite-image derived LU/LC, the urban-rural status of each 
household was classified by various metrics, including census population, 
house density, peri-domestic vegetation/agriculture, proximity to roads/
infrastructure and a PCA-derived “urbanicity score.” Multi-level statistics 
(e.g. households, locations, census areas) and spatial statistics (e.g. 
clustering, autocorrelation, interaction) were used to evaluate mosquito 
abundance in relation to traditional and derived urban-rural classifications. 
Results indicated that Anopheles indoor abundance generally increased 
with distance from the city center, but this explained less than one-third 
of the variation, making this designation of urban-rural was not strongly 
predictive of Anopheles abundance. LU/LC classifications that accounted 
for urban agriculture and topography improved predictability, regardless 
of geographic location. This association remained after controlling for 
clustering. Our findings have important implications for understanding 
household- and community-level “urban” malaria risk, and for identifying 
locations where malaria prevention and control efforts might be most 
effective.

1867
CHARACTERIZING THE SPATIAL DISTRIBUTION OF MALARIA 
VECTORS IN AN AREA OF HIGH TRANSMISSION IN 
NORTHERN ZAMBIA: EVIDENCE OF SPATIAL-TEMPORAL 
VARIATION IN THE DISTRIBUTION OF ANOPHELES FUNESTUS 
TO ANOPHELES GAMBIAE TO IMPLICATIONS FOR TARGETED 
INTERVENTIONS

Jessie Pinchoff1, Jennifer Stevenson1, Douglas E. Norris1, Mbanga 
Muleba2, Mike Chaponda2, Modest Mulenga2, William J. Moss1, 
Frank C. Curriero1

1Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States, 2Tropical Disease Research Centre, Ndola, Zambia

Characterizing the spatial distribution of malaria vectors is critical 
to understanding transmission dynamics, with implications for the 
effectiveness of targeted control interventions. Active entomological 
surveillance was conducted at randomly selected households in Nchelenge 
District in Zambia from April 2012 to December 2014. At each visit, a 
questionnaire was administered and a CDC light trap left overnight for 
indoor mosquito collections. A total of 4,591 Anopheles funestus s.s. 
and 548 An. gambiae s.s. were captured at 461 households. Counts 
of An. funestus and An. gambiae were modeled using zero-inflated 
Poisson regression models as a function of environmental variables. Both 
species were significantly associated with closer proximity to category 1, 
2, and 3 streams and with increasing degree of topographical slope. Both 
species had higher abundances inland compared to along the banks of 
Lake Mweru. Overall, An. funestus did not display seasonal variation, but 
the abundance of An. gambiae was four times higher in the rainy season 
as compared with the dry season (RR=4.1; 95% confidence intervals: 
2.9, 6.0). In the rainy season, An. funestus abundance increased 10% 
in proximity to category 2 streams (RR=1.1; 95% CI: 1.0, 1.1) and 10% 
per increased degree of topographical slope (RR=1.1; 95% CI: 1.0, 1.3). 
While An. funestus abundance was higher in proximity to roads in the dry 
season, this association reversed in the rainy season when An. funestus 
abundance decreased 50% with proximity to roads (RR=0.5; 95% CI: 0.4, 
0.6). An. gambiae abundance was not associated with proximity to roads 
but decreased in proximity to roads in the rainy season (RR=0.3; 95% CI: 
0.2, 0.5). These findings suggest differences in breeding site preferences 
between these species. Regression models expressing the significant 
spatial and seasonal variation in the abundance of An. funestus and An. 
gambiae mosquitoes, modeled as a function of identified environmental 
features, were used to generate maps of species-specific predictive 
abundance. These maps can be used to maximize the impact of targeted 
vector control interventions such as IRS or larviciding.

1868
SPATIO-TEMPORAL VARIATION IN MALARIA TRANSMISSION 
INTENSITY IN RWANDA

Corine K. Karema1, Emmanuel Hakizimana1, Dunia 
Munyakanage1, Alphonse Mutabazi1, Alphonse Rukundo1, Jean 
Baptiste Mazarati2, Agnes Binagwaho3

1Malaria and Other Parasitic Diseases Division, Kigali, Rwanda, 2National 
Reference Laboratory, Biomedical Services Department-RBC, Kigali, 
Rwanda, 3Ministry of Health, Kigali, Rwanda

Knowledge of vector distribution and bionomics is critical for vector borne 
diseases control program strategy. Rwanda made steady progress in the 
control of malaria over the past decade by scaling up malaria control 
prevention, treatment, community case management, and behavior 
change communication. The use of long-lasting insecticidal nets (LLINs) 
and insecticide indoor residual spraying (IRS) has altered vector bionomics 
in Africa. This is the first report from Rwanda that determined the 
abundance, species composition, and infectivity of mosquitoes collected 
from entomological monitoring in seven sentinel sites by pyrethrum spray 
collection (PSC) and human landing catches (HLC). The monthly collections 
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between 2010 and 2013 identified 340,684 mosquitoes to species 
level using morphological characteristics and grouped into anophelines 
(26.2%) and culicines (73.8%). The species composition comprised of An. 
gambiae s.l, and An. funestus as the major malaria vectors and six other 
anophelines. The culicines comprised of Culex, Mansonia, Coquellittidia 
and Aedes mosquitoes. For Anopheles gambiae s.l. (n = 84,189), the 
proportion of mosquitoes host-seeking indoors and outdoors was assessed 
as well as infection the rates. The mosquitoes collected indoors dropped 
from an average of 51.3% (95% CI = 44.7, 51.0) in 2010 to 44.9% (95% 
CI = 43.1, 49.8) in 2013 (p < 0.005). We also calculated mean densities 
and entomological inoculation rates (EIR). The mean resting density for 
An. gambiae s.l was 0.3 mosquitoes/house/night with the highest resting 
density reported in Mashesha (1.0 An. gambiae /h/n). The average annual 
EIR 99.5 (range 1.0 - 329.8) with Mashesha showing the highest EIR of 
329.8 (a rice growing area) followed by Busoro and Kicukiro with 107.5 
and 103.6 infective bites per person per year respectively. We plan to 
collect and analyze mosquitoes from additional sentinel sites to provide 
a comprehensive database on vector bionomics which will be the critical 
data informing vector borne diseases control policies in Rwanda.

1869
IMPROVED MONITORING OF IRS COVERAGE ON BIOKO 
ISLAND THROUGH THE USE OF A GIS-BASED CAMPAIGN 
INFORMATION MANAGEMENT SYSTEM

Wonder Philip Phiri1, Guillermo Garcia1, Liberato Motobe 
Vaz1, Lucas Ondo Nze Nchama1, Diosdado Olo Motu1, Jose Osa 
Osa Nfumu1, Telesforo Eyegue Abuy1, Restituto Mangue Avue1, 
Jeremias Nzamio Mba Eyono1, Teobaldo Babo1, Marcos Mbulito 
Ivanga1, Rosa Patricia Richard Ateme1, John Bradley2, Immo 
Kleinshmidt2, Christopher Schwabe3, Dianna B. Hergott1

1Medical Care Development International, Malabo, Equatorial Guinea, 
2London School of Hygiene & Tropical Medicine, London, United Kingdom, 
3Medical Care Development International, Silver Spring, MD, United States

Starting in 2014, the Bioko Island Malaria Control Project (BIMCP) has used 
a GIS-based Campaign Information Management System (CIMS) to plan, 
implement and monitor Indoor Residual Spraying (IRS). The CIMS uniquely 
identifies each household based on geographical location. The maps can 
be easily updated to reflect changes due to new houses, or destroyed or 
burnt down houses, thus enhancing the accuracy of the house count that 
is used as the denominator for IRS coverage rates, and eliminating the 
ability of Spray Operators to report fictitious houses. High resolution maps 
that clearly identify households, enable Supervisors to track and verify that 
spraying has occurred in houses reported by Spray Operators. This has 
virtually eliminated the ability of Spray Operators to falsify spray records, 
thus inflating the numerator in IRS coverage rates. The CIMS also permits 
identification of non-compliant households, thus enabling focalized 
intervention where Spray Operators and community leaders return to low-
compliance areas for mobilization in an effort to increase spray coverage. 
Prior to 2014, Spray Operator data obtained from SP1 cards suggested 
that spray coverage was consistently at least 80%, while retrospective 
6-month recall data from annual Malaria Indicator Surveys (MIS) suggested 
that IRS coverage was no higher than 65% (95% CI = 61-69%) in 2010 
and as low as 47% (95% CI = 41%-54%) in 2013. Without the CIMS it 
was impossible to discern whether the discrepancy was due to errors in 
the housing count and/or falsification of IRS spray data or to poor recall 
by MIS respondents. In 2014, using the CIMS, the spray data revealed 
57% coverage during the spray round, while the MIS reported that 60% 
(95% CI= 51- 68%) of surveyed households were sprayed in the previous 
6 months. By linking the CIMS and MIS data it was determined that MIS 
data were 85% accurate compared to CIMS spray data, confirming a 
high level of sprayer falsification and under reporting of the number of 
houses to be sprayed in previous years. The CIMS has improved coverage 
monitoring for IRS and confirmed that a high refusal rate exists in Bioko 
Island,undermining coverage and program performance.

1870
EVALUATION OF A NOVEL LONG LASTING INSECTICIDAL 
NET TO INDOOR RESIDUAL SPRAY PRODUCT, SEPARATELY 
TO TOGETHER, AGAINST MALARIA TRANSMITTED BY 
PYRETHROID RESISTANT MOSQUITOES IN NORTHWEST 
TANZANIA: A CLUSTER RANDOMIZED CONTROLLED TRIAL

Natacha Protopopoff1, Derek Charlwood1, Jacklin Mosha2, 
Alexandra Wright1, William Kisinza3, Franklin Mosha4, Immo 
Kleinschmidt1, Mark Rowland1

1London School of Hygiene & Tropical Medicine, London, United Kingdom, 
2NIMR Mwanza, Mwanza, United Republic of Tanzania, 3NIMR Amani, 
Muheza, United Republic of Tanzania, 4KCM College, Moshi, United 
Republic of Tanzania

The scaling up of the primary malaria vector control interventions - long 
lasting insecticidal nets (LLIN) and indoor residual spraying (IRS) - are 
responsible for the major reduction in malaria burden in Africa. We need 
to develop a more rational approach to deployment of chemical control, 
one which reduces selection pressure for resistance but continues the 
present gains in malaria control. To help define future strategy of LLIN 
and IRS deployment in East Africa we are conducting a 4 arm cluster 
randomised controlled trial (CRT) in North-West Tanzania where the initial 
prevalence of malaria infection was 65% and resistance to pyrethroids 
in the predominant vector Anopheles gambiae exceeded 90% and 
consisted of at least two resistance mechanisms. The base arm of the trial 
is universal coverage of Olyset LN, the pyrethroid LLIN which constitutes 
the current standard of care. The second arm is universal coverage with 
Olyset Plus, a LLIN which combines pyrethroid and the synergist PBO 
that in bioassay can overcome pyrethroid resistance mediated by mixed 
function oxidases; this intervention is a potential future standard of care. 
The third arm combines Olyset LLIN and IRS with Actellic CS, a long lasting 
organophosphate insecticide for IRS. The fourth arm combines the LLIN 
with the synergist PBO and the IRS with the long lasting OP - and is the 
combination intervention most likely to control malaria transmitted by 
highly pyrethroid resistant vector populations. The study area comprises 
48 clusters and population 150,000 inhabitants, allocated into 12 clusters 
per arm using restricted randomisation to ensure balance between study 
arms. The interventions were rolled out in January 2015 and achieved 
the required coverage to achieve community impact ahead of the long 
transmission season. Analysis of mosquito population surveillance and 
malaria infection prevalence in children in the four arms will be presented. 
The findings will help to define context-specific interventions and their 
potential to maintain or accelerate present progress and prevent further 
selection of insecticide resistance.

1871
IMPACT OF SEASONAL PATTERNS TO PARASITE ASEXUAL 
STAGE ON ANOPHELES GAMBIAE SUSCEPTIBILITY TO 
PLASMODIUM FALCIPARUM INFECTION IN BURKINA FASO

Awa Gneme1, Wamdaogo M. Guelbeogo2, Michelle M. Riehle3, 
Gustave B. Kabre1, N’Falé Sagnon2, Kenneth D. Vernick4

1Université de Ouagadougou, Ouagadougou, Burkina Faso, 2Centre 
National de Recherche et de Formation sur le Paludisme, Ouagadougou, 
Burkina Faso, 3Department of Microbiology, University of Minnesota, 
Minnesota, MN, United States, 4Unit of Insect Vector Genetics and 
Genomics, Department of Parasites and Insect Vectors, Institut Pasteur, 
CNRS Unit of Hosts, Vectors and Pathogens (URA3012), Paris, France

Transmission reduction is a key component of global efforts to control and 
eliminate malaria. A wide range of novel transmission-reducing drugs and 
vaccines are currently under development. Currently, it is unclear how the 
densities of the parasite stages or the season influence the infection rate 
and its intensity. Here, we highlighted the importance of the Plasmodium 
falciparum stages seasonal pattern in Anopheles gambiae infections 
success. Parasitological data were obtained by blood slide processing from 
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child volunteers with parental consent. Larvae were sampled from natural 
pools, reared to adulthood before experiment. Gametocytes carriers’ 
infectiousness to mosquitoes was determined at the peak and end of wet 
season and dry season via membrane feeding assay. Infection prevalence 
and intensity were determined one week after feeding by midgut 
dissection. About 28062 mosquitoes offered blood meal and 29.6% fed 
and survived until dissection, seven days later. The average number of 
dissected mosquitoes 75 (range 18 - 207) was quite the same according to 
the assays period. In 71.8% (79/110) of feeding experiments, at least one 
mosquito was infected. The median percentage of infected mosquitoes 
per infectious experiment was 15.7% (IQR: 07.3- 89.2 %) with a median 
oocyst number of 2 (range 1 - 101). The prevalence of infected blood 
meal was similar across season (70.0%, 72.7% to 70.1% at the dry, the 
peak, and the end of the wet season. Mosquitoes’ infection rate also did 
not show any significant variation within season. The infection success 
was higher for asexual parasites carriers (91%) than non carriers (9%). 
However, mosquitoes’ infection rate and oocyst load did not significantly 
vary according to the asexual forms carriage. This highlights the need to 
carefully interpret evaluations, regarding asexual parasites and transmission 
season for malaria control program.

1872
QUANTIFYING BIAS TO OVERESTIMATION IN SELF-
REPORTED ITN USE: A SYSTEMATIC REVIEW TO META-
ANALYSIS

Paul Joseph Krezanoski
Massachusetts General Hospital, Cambridge, MA, United States

Insecticide-treated bednets (ITNs) are one of the most cost effective 
malaria prevention measures. In 2013, the WHO recommended universal 
coverage with ITNs for all 3 billion individuals at risk of malaria world-
wide. Evidence for this recommendation is based on robust evidence of 
an 18-23% reduction in child mortality among households using ITNs. 
However, these studies used self-reported ITN use as a proxy for actual 
ITN use. We hypothesized that self-reports would overestimate actual 
ITN use, because self-reported ITN use may be subject to recall and social 
desirability bias. We performed a systematic review of the literature 
to identify studies which included both self-reports and another more 
objective measure of ITN use (surprise sleeping visits, visual confirmation 
of mounted ITNs, etc) in the same population in order to determine the 
magnitude of overestimation. We searched for relevant terms in Pubmed 
and Embase, reviewing 464 titles and abstracts. We performed full article 
reviews of 193 studies and eventually included 19 studies for analysis. 
The studies examined were published from 1989 through 2013, including 
countries from Southeast Asia and sub-Saharan Africa. Six of 19 studies 
used surprise night visits to confirm self-reported use, while the rest used 
visual confirmation of a mounted ITN. Self-reported ITN use over-estimated 
actual ITN use ranging from -2.9% to 32.1%, with a mean of 9.1%. 
This 9.1% mean difference between self-reported and observed ITN use 
represents a 23.5% overestimation of actual ITN use. The significant and 
consistent overestimation of ITN use reported by self-reports suggests that 
1) ITNs may be more effective than currently thought, i.e. the accepted 
relationship between ITN use and malaria outcomes may be based on 
an overestimate of their actual use, and 2) self-reported ITN use may 
not be an appropriate measure of actual ITN use, indicating the need to 
shift from self-reports towards more valid measures of ITN use in malaria 
prevention studies, most especially related to adherence behaviors and 
cost-effectiveness modeling.

1873
TARGETING THE CELL STRESS RESPONSE OF PLASMODIUM 
FALCIPARUM TO OVERCOME ARTEMISININ RESISTANCE
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Jess Bridgford1, Gaetan Burgio2, Simon Foote2, David A. Fidock3, 
Sachel Mok4, Zbynek Bozdech4, Kesinee Chotivanich5, Nick Klonis1, 
Arjen M. Dondorp6
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Artemisinin derivatives (ARTs) are recommended, in combination 
regimens, as first line antimalarials in most countries where malaria is 
endemic. However their mechanism of action is poorly understood and 
their usefulness is threatened by the emergence of drug resistance. 
We undertook a detailed kinetic analysis of the drug responses of K13 
wildtype (sensitive) and mutant (resistant) isolates of Plasmodium 
falciparum sourced from a region in Cambodia (Pailin). We demonstrate 
that ART treatment induces growth retardation and an accumulation of 
ubiquitinated proteins, indicative of a cellular stress response that engages 
the ubiquitin/ proteasome system. We show that resistant parasites exhibit 
lower levels of ubiquitinated proteins and delayed on-set of cell death, 
indicating an enhanced cell stress response. We found that the stress 
response can be targeted by inhibiting the proteasome. Accordingly, 
clinically-used proteasome inhibitors strongly synergize ART activity against 
both sensitive and resistant parasites, including isogenic lines expressing 
mutant or wildtype K13. Synergy is also observed against P. berghei in 
vivo. Our work provides a rationale for improving the detection of ART 
resistance in the field and for treatment strategies that can be employed in 
areas with ART resistance. 

1874
ROLE OF CELL CYCLE REGULATORS IN ARTEMISININ 
INDUCED DORMANCY IN PLASMODIUM FALCIPARUM IN 
VITRO

Karen-Ann Gray1, Karryn J. Gresty1, Nanhua Chen1, Christopher 
Peatey1, Veronica Zhang2, Marina Chavchich1, Norman C. Waters3, 
Qin Cheng1

1Australian Army Malaria Institute, Brisbane, Australia, 2University of 
Queensland, Brisbane, Australia, 3Walter Reed Army Institute of Research, 
Silver Spring, MD, United States

Artemisinin-induced dormancy provides a plausible explanation for the 
variable rates of recrudescence reported in the field following artemisinin 
monotherapy. This phenomenon is reminiscent of cell cycle arrest in 
mammalian cells where cell cycle regulators, such as cyclin dependent 
kinases (CDKs) and cyclins play an important role. We investigated the 
transcription dynamics of 6 P. falciparum CDKs and 4 cyclins as well as 
protein expression and kinase activity of selected CDKs before and after 
dihydroartemisinin (DHA) treatment. The role of CDKs in dormancy was 
further investigated by evaluating the effect of 3 CDK inhibitors on the 
induction of and parasite recovery from dormancy. Transcription analysis 
revealed an up-regulation of two plasmodial CDKs throughout the 
dormancy period, and a down-regulation of genes encoding the remaining 
4 CDKs and cyclins. The 3 inhibitors demonstrated different effect on 
parasite recovery from dormancy, one of these inhibitors completely 
blocked the parasite recovery from dormancy when it was added at the 
early stage of dormancy. The results suggest that plasmodial CDKs play 
an essential role in artemisinin induced dormancy, most likely control 
of parasite entry into S phase and mitosis. These findings provide new 
insights of cell cycle regulation in P. falciparum and in artemisinin induced 
dormancy. 
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ARTESUNATE/AMODIAQUINE VERSUS ARTEMETHER/
LUMEFANTRINE FOR THE TREATMENT OF UNCOMPLICATED 
MALARIA IN UGANDA: CHANGING EFFICACY PATTERNS 
CONSISTENT WITH CHANGES IN TREATMENT PRACTICES TO 
DRUG SENSITIVITIES

Melissa D. Conrad1, Adoke Yeka2, Ruth Kigozi3, Myers 
Lugemwa4, Peter Okui4, Charles Katureebe5, Kassahun Belay6, 
B.K. Kapella6, Michelle A. Chang7, Moses R. Kamya8, Sarah G. 
Staedke9, Grant Dorsey1, Philip J. Rosenthal1
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With older therapies limited by widespread drug resistance, standard 
treatment for uncomplicated falciparum malaria is now artemisinin-
based combination therapy, with nearly all endemic countries in sub-
Saharan Africa recommending either artemether/lumefantrine (AL) or 
artesunate/amodiaquine (AS/AQ). In Uganda, AL has shown superior 
efficacy compared to AS/AQ and is the first-line regimen. However, recent 
changes in treatment practices and evidence of shifting drug sensitivities 
prompted a reassessment of the relative efficacies of these regimens. We 
enrolled 602 patients aged 6-59 months from health centers in the Apac, 
Mubende, and Kanungu Districts of Uganda in 2013-14. Children with 
uncomplicated falciparum malaria were randomly assigned treatment with 
AL or AS/AQ, and 594 (98.7%) of those enrolled were followed for 28 
days. Recurrent infections were genotyped to distinguish recrudescence 
from new infection, and Plasmodium falciparum resistance-mediating 
polymorphisms were characterized for all infections. At each site the 
risk of recurrent parasitemia was lower in children treated with AS/AQ 
compared to those treated with AL (overall 28.6% vs. 44.6%; p <0.001). 
Recrudescences were uncommon, but all occurred in the AL treatment 
arm (0% vs. 2.5%; p = 0.006). Recovery in hemoglobin was greater in 
the AS/AQ arm (1.73 vs. 1.39 g/dl, p = 0.04). Both regimens were well 
tolerated; serious adverse events were uncommon (1.7% for AS/AQ and 
1.0% for AL). In new infections after therapy the two regimens selected 
for opposite polymorphisms in pfcrt and pfmdr1, with each selecting 
for polymorphisms associated with decreased sensitivity to the partner 
drug. Polymorphisms in the K13 propeller domain, which have been 
associated with artemisinin resistance in Asia, were uncommon (1/76) 
and not associated with recurrent parasitemia. Although both regimens 
were highly efficacious, AS/AQ showed superior efficacy, contrasting with 
older data, and consistent with recent changes in parasite drug sensitivity. 
Malaria treatment guidelines should consider multiple or rotating regimens 
to maintain the efficacies of leading treatments.

1876
PARASITE CLEARANCE IN CHILDREN UNDER FIVE YEARS OF 
AGE WITH UNCOMPLICATED PLASMODIUM FALCIPARUM 
MALARIA AFTER TREATMENT WITH ARTEMETHER-
LUMEFANTRINE IN NCHELENGE DISTRICT, ZAMBIA

Mwiche Siame1, Mike Chaponda2, Geoffrey Chansa3, Danver 
Hamayobe4, Natasha Laban1, Philip E. Thuma1
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Artemether-lumefantrine (AL) has been used in Zambia as first line 
treatment since 2002. The World Health Organization (WHO) reported a 
decline in malaria prevalence of over 60% in Zambia and this has been 
partly attributed to prompt and effective treatment with AL. While efficacy 
of AL remains high, there have anecdotal reports of delayed clearance of 
parasites after treatment with the drug combination. Countries in South-
east Asia, including Thailand, Cambodia and Myanmar, have reported 
artemisinin drug resistance, manifested by delayed parasite clearance and 
rare cases of treatment failure. Therefore, there is need to examine the 
efficacy of AL in Zambia and document whether or not some patients 
experience delayed parasite clearance despite adequate treatment with the 
drug. This study aimed to examine the efficacy of AL and delayed parasite 
clearance in children in Nchelenge District, Zambia. Febrile children 
aged 6 to 59 months, with uncomplicated Plasmodium falciparum 
infection, were enrolled into the study beginning in December 2014. The 
children were treated for three days with directly observed therapy of AL 
based on weight according to the WHO protocol and followed-up 35 
days to evaluate drug efficacy by monitoring clinical and parasitological 
parameters with Giemsa-stained blood smears and PCR. The study results 
showing parasite clearance times, parasite slope half-life (using the 
WWARN Parasite Clearance Estimator) and associated clinical parameters, 
as well as the presence of K13 propeller mutations, will be presented. 
Preliminary analysis of the first 20 participants who have complete data 
sets (of a planned total of 100), revealed that all study participants cleared 
parasites within 48 hours, with 60% of the children having a lag phase 
before parasite clearance began, and a subsequent median clearance half-
life of 2.69 hrs (IQR 1.64, 3.13).

1877
EFFICACY OF CHLOROQUINE TO PRIMAQUINE IN THE 
TREATMENT OF UNCOMPLICATED PLASMODIUM VIVAX 
MALARIA, CRUZEIRO DO SUL, ACRE, BRAZIL, 2014
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The World Health Organization recommends the regular monitoring 
of antimalarial treatment policies. We evaluated the in vivo efficacy 
of chloroquine and primaquine for the treatment of uncomplicated P. 
vivax malaria in Brazil. The study was conducted in Cruzeiro do Sul from 
February to December 2014. We enrolled patients ≥5 years of age with 
parasitologically confirmed P. vivax monoinfection (parasitemia between 
250 and 100,000 parasites/uL) and no evidence of severe disease. Patients 
were treated under direct observation with chloroquine for 3 days (daily 
dose of 25 mg/Kg). After laboratory confirmation of normal glucose-6-
phosphate dehydrogenase (G6PD) activity levels, primaquine (daily dose of 
0.5mg/Kg) was administered, also under direct observation, for 7 days. We 
monitored patients clinically and parasitologically on Days 1, 2, 3, 7, 14, 
21, 28 and then every 4 weeks until Day 168. Seven neutral microsatellites 
were used to differentiate genetic profile of parasites detected at the time 
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of enrollment and recurrent infection. We enrolled 132 patients, 13 were 
excluded (nine with G6PD deficiency, and four with either low-density 
parasitemia or P. falciparum infection). Among the 119 valid patients, 
65 (54.6%) were male and the median age was 24 years. The geometric 
mean of asexual parasitemia at admission was 3,373 per uL. At Day 28, 
no patient, among 110 patients to reach this time point, presented with 
recurrent P. vivax parasitemia; while at Day 168, 28 (30.1%; 95% CI: 
21.0-40.5%) presented with recurrent P. vivax infection. Microsatellite 
typing demonstrated that 13 of those infections were due to a different 
strain (i.e., reinfection), while 15 were caused by a genetically identical 
strain compared to Day 0 and were most likely relapses. This finding brings 
the corrected rate of relapse to 18.8% (95% CI: 10.2-27.3%). Treatment 
with chloroquine and primaquine appears to remain efficacious to treat 
P. vivax malaria and prevent recrudescence, but it is likely associated 
with relapses 6 months after acute disease. Revision of the primaquine 
regimen with possible increase in total dose or use over 14 days should be 
considered.

1878
DISSECTING THE MUTATIONAL ACQUISITION OF PFCRT-
MEDIATED ANTIMALARIAL DRUG RESISTANCE

Stanislaw J. Gabryszewski1, Thanat Chookajorn2, David A. 
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Named for its primary role in mediating resistance to chloroquine (CQ), 
the Plasmodium falciparum Chloroquine Resistance Transporter (PfCRT) 
is increasingly recognized as a multi-drug resistance transporter with 
pleiotropic effects on parasite susceptibility to our present arsenal of 
antimalarials. Field studies of drug selective forces on the pfcrt locus have 
historically centered on the single-nucleotide polymorphism (SNP) K76T, 
a critical determinant of CQ resistance that is always accompanied by 
at least three mutations in all CQ-resistant isolates. The impact of these 
mutations on parasite drug resistance, fitness, and the mutational paths 
accessible to parasites as they acquire resistance remains unclear. To 
explore this, we used pfcrt-specific Zinc-Finger Nucleases (ZFNs) to dissect 
the mutational trajectories leading to the evolution of the Ecuadorian pfcrt 
allele Ecu1110, which harbors the fewest polymorphisms in a CQ-resistant 
parasite (namely K76T, A220S, N326D, I356L). We generated a collection 
of otherwise isogenic asexual blood-stage parasites expressing the wild-
type (CQ-sensitive) PfCRT haplotype as well as each possible single-, 
double-, triple-, and quadruple-SNP combination of the four SNPs that 
comprise Ecu1110 PfCRT. We also generated isogenic parasites expressing 
the related quintuple-SNP 7G8 PfCRT variant (C72S, K76T, A220S, N326D, 
I356L) that is highly prevalent throughout South America and the Western 
Pacific. Parasite susceptibility to a panel of clinically employed antimalarials 
was determined via standard IC50 assays and was complemented with 
data from flow cytometry-based in vitro growth competition assays 
to model the mutational paths of PfCRT-mediated drug resistance. Our 
studies indicate that multiple PfCRT SNPs have a direct impact on parasite 
susceptibility to various antimalarial compounds, define mutational 
pathways that likely led to CQ resistance, and delineate growth rate 
constraints imposed on parasites as they evolve resistance.

1879
MUTATION OF THE MU-SUBUNIT OF THE PLASMODIUM 
FALCIPARUM CLATHRIN-ASSOCIATED AP2 ADAPTOR 
PROTEIN COMPLEX (PFAP2-MU) TO ITS EFFECT ON PARASITE 
SUSCEPTIBILITY TO ANTIMALARIAL AGENTS

Donelly A. van Schalkwyk1, Gisela Henriques1, Christian Flueck2, 
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Reports of Plasmodium falciparum infections with reduced susceptibility 
to artemisinin are now widespread throughout the Greater Mekong 
sub-region and threaten to undermine Artemisinin-based Combination 
Therapies (ACTs), currently the first-line WHO recommendation for malaria 
treatment. While the genetic basis for this reduced sensitivity to artemisinin 
in Asia has been associated with mutations in kelch13 (PF3D7_1343700), 
other candidate genes are thought to be involved in resistance developing 
independently elsewhere. Selection for parasites surviving artemisinin 
exposure in the murine malaria P. chabaudi uncovered a novel locus 
associated with antimalarial resistance, pcap2-mu. This gene encodes 
the mu chain of an adaptor protein complex that functions in clathrin-
mediated endocytosis. Sequencing of submicroscopic parasites surviving 
ACT treatment in Kenyan children revealed an increased survival of 
parasites harbouring the Ser160Asn polymorphisms in the P. falciparum 
homologue, pfap2-mu. We have recently reported that the episomal 
expression of the mutant form of pfap2-mu (160Asn) in Dd2 parasites 
resulted in a significantly reduced susceptibility to dihydroartemisinin 
using the standard 48 hour in vitro growth inhibition assay. Furthermore, 
expression of the mutant pfap2-mu also resulted in reduced susceptibility 
to quinine. No differences in susceptibility to dihydroartemisinin were 
observed when comparing wild type with mutant parasites using the ring 
stage assay (RSA0-6h). We seek to expand on our previous findings by 
using gene editing CRISPR-Cas9 and Zinc Finger Nuclease approaches to 
replace the endogenous wild type Ser160 pfap2-mu gene with the mutant 
160Asn gene associated with residual parasitemia after ACT treatment in 
Kenya. We will report the effects of this mutation on the in vitro parasite 
drug sensitivity to a range of antimalarial agents assessed with growth 
inhibition assays employing both the standard 48 hour exposure and 
newer 6 hour pulse assays.

1880
IMMUNOMODULATION BY LITOMOSOIDES SIGMODONTIS 
INFECTION TO FILARIAL ANTIGEN ADMINISTRATION 
IMPROVES GLUCOSE TOLERANCE IN DIET-INDUCED OBESITY 
MICE

Afiat Berbudi, Jesuthas Ajendra, David Schmidt, Fabian Gondorf, 
Anna-Lena Neumann, Achim Hoerauf, Marc P. Hübner
University Hospital of Bonn, Bonn, Germany

Adipocyte necrosis in obesity causes pro-inflammatory macrophages to 
infiltrate into the adipose tissue and results in chronic inflammation and 
insulin resistance. Since filariae induce a regulatory immune response in 
their hosts and trigger type 2 immune responses that counter regulate 
type 1 immune responses, we investigated whether immunomodulation 
by Litomosoides sigmodontis (L.s.) improves glucose tolerance in diet-
induced obesity (DIO) mice. After 10 and 16 weeks on high fat diet, 
respectively, L.s.-infected and L.s. antigen (LsAg)-treated mice were tested 
for glucose tolerance and immunological analysis was performed. Both 
L.s. infection and LsAg administration in DIO mice increased eosinophil 
and alternatively activated macrophage frequencies within the epididymal 
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adipose tissue and improved glucose tolerance, suggesting enhanced 
insulin sensitivity. This improved glucose tolerance by L.s. infection was 
dependent on eosinophils, as was shown with eosinophil deficient 
dblGATA mice. Total epididymal adipose tissue B-cell numbers were 
further reduced in L.s.-infected DIO mice and consisted substantially of 
B1-cells, whereas uninfected DIO controls had increased numbers of B2-
cells. Consistently, L.s.-infected DIO-animals produced less IgG2a, which 
was previously shown to contribute to insulin resistance. qPCR arrays of 
epididymal adipose tissue further suggested a suppressed adipogenesis 
in L.s.-infected DIO mice. Accordingly, the differentiation of 3T3-L1 
preadipose cells to mature adipocytes was suppressed by LsAg treatment 
in vitro. However, two weeks of LsAg treatment did not suffice to reduce 
adipose tissue weight and adipocyte size in DIO mice. In conclusion our 
investigation indicates that L.s. infection and LsAg treatment restores 
a cellular composition within the adipose tissue of DIO mice that is 
dominated by eosinophils and alternatively activated macrophages and 
improves glucose tolerance in an eosinophil dependent manner. Additional 
protective mechanisms may include a suppressed adipogenesis and the 
induction of regulatory responses and are currently further investigated.

1881
CHEMOKINES TO THE REGULATION OF EOSINOPHILIA IN 
LOIASIS

Senbagavalli Prakash Babu, Pryscilla Yoon, Michelle Makiya, 
Joseph Kubofcik, Thomas B. Nutman, Amy D. Klion
National Institutes of Health, Bethesda, MD, United States

Although eosinophilia is considered a hallmark of human helminth 
infection, the degree of blood eosinophilia varies considerably among 
infected individuals. Whereas some of this variation is likely due to 
differences in parasite burden, the host immune response to parasite 
antigens clearly plays an important role. To explore the role of chemokines 
in the regulation of blood eosinophilia in patients with microfilaremic 
loiasis, patients with loiasis were divided into low and high eosinophil 
groups based on the median absolute eosinophil count (AEC). Chemokines 
were measured by multiparameter immunoassays in antigen (Brugia 
malayi antigen [BMA)])- or mitogen (PMA/ionomycin ([PI])-sitmulated 
PBMC supernatants from 11 patients with loiasis. Chemokine levels in 
unstimulated supernatants were comparable between the two groups 
with the exception of IL-8, that was significantly increased in the low 
eosinophil group (GM 9.4 vs. 3.8 mcg/ml in the high eosinophil group, 
p<0.01) and showed a negative correlation with AEC overall (r = -0.75, 
p = 0.001). No significant differences were detected in BMA-stimulated 
chemokine levels between the two groups, although eotaxin 1, RANTES 
and MCP-4 showed significant negative correlations with AEC overall 
(r= -0.77, p=0.007 for eotaxin-1 and r= -0.65, p=0.37 for RANTES and 
MCP-4). TARC levels were increased in PI stimulated supernatants in the 
high eosinophil group (p=0.056). Microarray analysis was performed using 
PBMC from a separate group of 24 patients with loiasis divided into high 
and low eosinophil groups. Preliminary analysis of chemokine expression 
reveals upregulation of TARC and eotaxin-2 in the high eosinophil group 
and upregulation of RANTES in the low eosinophil group. Although IL-5 
expression is comparable between the two groups, genes associated with 
Th1 and inflammatory responses appear to be upregulated in the low 
eosinophil group. Taken together these data suggest that differences in 
chemokine secretion by PBMC may contribute to the regulation of blood 
eosinophilia in loiasis.

1882
TISSUE-SPECIFIC TRANSCRIPTOMICS TO PROTEOMICS OF 
DIROFILARIA IMMITIS TO ITS WOLBACHIA ENDOSYMBIONT

Ashley N. Luck1, Kathryn G. Anderson2, Colleen M. McClung1, 
Nathan C. VerBerkmoes1, Jeremy M. Foster1, Shelly Michalski2, 
Barton E. Slatko1
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Recent evidence for the development of drug resistance among parasitic 
nematodes has accentuated the need for development of new treatment 
modalities. Although transcriptomic and proteomic characterization of 
filarial nematode life cycles using whole worms have greatly enhanced our 
knowledge of the biology of these organisms, it is clear that tissue-level 
approaches are needed to provide spatial resolution of gene expression 
that can aid drug discovery and vaccine studies. Here, we describe the 
first concurrent tissue-specific transcriptomic and proteomic profiling of 
a filarial nematode (D. immitis) and its Wolbachia endosymbiont (wDi) 
in order to better understand tissue functions and identify tissue-specific 
antigens that may be used for the development of new diagnostic 
and therapeutic tools. Hierarchical clustering of the D. immitis tissue 
transcriptomes, along with the recently published whole-worm adult 
male and female D. immitis transcriptomes, revealed that the whole-
worm transcriptome is typically dominated by transcripts originating 
from the gonads (testis and uterus). The uterus appears to have the 
most variable transcriptome, and may reflect variance in worm age and 
fecundity. Although many functions are shared between the reproductive 
tissues, the most significant differences in gene expression were observed 
between the uterus and testis. Interestingly, wDi gene expression in the 
male and female body wall is fairly similar, yet slightly different to that of 
Wolbachia gene expression in the uterus. Proteomic methods verified 32% 
of the predicted D. immitis proteome, including over 700 hypothetical 
proteins of D. immitis. Of note, hypothetical proteins were among some 
of the most abundant Wolbachia proteins identified, which may fulfill 
some important yet still uncharacterized biological function. The spatial 
resolution gained from this parallel transcriptomic and proteomic analysis 
adds to our understanding of filarial biology and serves as a resource with 
which to develop future therapeutic strategies against filarial nematodes 
and their Wolbachia endosymbionts.

1883
GENETIC VARIATION IN  ONCHOCERCA VOLVULUS TO 
WOLBACHIA ENDOSYMBIONT REVEALS STRUCTURED 
PHYLOGEOGRAPHY IN RELATION TO PHENOTYPIC 
DIVERGENCE OF PATHOGENICITY

Young-Jun Choi1, Samantha N. McNulty1, Rahul Tyagi1, Philip 
Ozersky1, Thomas R. Unnasch2, Carmelle T. Norice3, Thomas B. 
Nutman3, Gary J. Weil1, Peter U. Fischer1, Makedonka Mitreva1

1Washington University in St. Louis, St. Louis, MO, United States, 
2University of South Florida, Tampa, FL, United States, 3National Institute of 
Allergy and Infectious Diseases, Bethesda, MD, United States

Onchocerca volvulus, the filarial nematode that causes onchocerciasis, 
is widely endemic in sub-Saharan Africa and in parts of Latin America. 
The pathology ranges from sub-clinical symptoms to dermatitis and 
ocular disease, and epidemiological studies have shown that blinding 
onchocerciasis is much more common in dry savannah regions than in rain 
forest regions of West Africa. To develop a comprehensive understanding 
of the population genetics and structure of  O. volvulus, we investigated 
the genomic diversity within and between  O. volvulus populations 
by analyzing whole-genome (nuclear, mitochondrial and Wolbachia) 
sequences of >30 clinical parasite samples. Of these, 20 were collected 
from seven countries in Africa (forest or savanna) and 10 from Ecuador 
in South America. At a mean depth of 60x coverage per sample, we 
identified and annotated ~1 million segregating SNPs and small indels 
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(including 65k missense and 1k nonsense variants, together affecting 9k 
genes), as well as ~300 genomic regions (with a combined total length 
of >5Mb) displaying copy number variations. Admixture analysis of 
the inter- and intra-continental patterns of nuclear, mitochondrial and 
Wolbachia sequence variations provided genetic insights regarding the 
phylogeography of the parasite at an unprecedented resolution. Signatures 
of differential selection, identified through genomic markers of both 
the nuclear genome of the parasite and the Wolbachia endosymbiont, 
provided evidence of local adaption underpinning the phenotypic 
divergence of pathogenicity between the forest and the savanna strains. 
The study also provides new information on the genetic variability of 
potential vaccine, drug, and diagnostic targets.

1884
HELMINTH PARASITES TO CANCER-CAUSING TUMORS 
CONDITION HUMAN MONOCYTES SIMILARLY: INSIGHTS 
INTO PARALLEL MECHANISMS OF IMMUNE EVASION

Prakash Babu Narasimhan1, Naureen Huda1, Helen Sabzevari2, 
Robert Hofmeister2, Thomas B Nutman1, Roshanak Tolouei 
Semnani1
1National Institute of Allergy and Infectious Diseases, Bethesda, MD, 
United States, 2EMD Serono Research and Development Institute, Billerica, 
MA, United States

A number of features of the host-parasite interface are reminiscent of 
those that are also observed at the host-cancer interface. In particular, 
both cancer cells and parasites establish a tissue microenvironment that 
leads to immune evasion and likely reflects an alteration of the function 
of various antigen-presenting cells. The present study investigated how 
the phenotype and function of circulating human monocytes is altered by 
exposure to live filarial parasites and if these functional and phenotypic 
alterations parallel those induced by exposure to tumors. Thus, human 
monocytes were exposed either to live microfilariae (mf) of Brugia malayi 
- a causative agent of lymphatic filariasis - or to three different cancer 
cell lines MDA-MB-231 (breast cancer), OVCAR (ovarian cancer), or U-87 
(glioblastoma). After 2 to 7 days of culture, cells were harvested, flow-
sorted and assessed for mRNA expression, phenotype and function. To our 
great interest, following exposure to either mf or any of the 3 cell lines, 
the cell surface expression of the inhibitory ligands PDL1 and PDL2 were 
highly induced. Furthermore, monocytes exposed to tumor cell lines for 
even 2 days showed markedly upregulated expression of M1-associated 
(TNF-α, PDL1; > 6-fold), M2-associated (PDL2, MRC1; >5 fold) and Mreg-
associated (IL-10, IDO, TGF-β; > 4−10−fold) genes, as well the expression 
of MMP-9 and VEGF, both known to be pro-angiogenic. The expression 
of these markers was also elevated in mf-exposed monocytes but most 
profoundly only after 7 days of exposure. Conditioning the human 
monocytes with either mf or tumor cell lines clearly altered their function 
as shown by a diminution of production of IP10, TNF-α, CCL22, and IL-10 
in response to TLR3 and TLR7 agonists. Collectively, our data suggest that 
helminth parasites and tumor cell lines share similar abilities to alter the 
phenotype and function of human monocytes and may provide common 
insights into immune evasion.

1885
A MULTI-OMICS APPROACH FOR DEVELOPING IMPROVED 
DIAGNOSTIC TOOLS FOR ONCHOCERCIASIS

Samantha N. McNulty1, Bruce A. Rosa1, Peter U. Fischer2, 
Reid Townsend2, Kurt C. Curtis2, Sabine Specht3, Gary J. Weil2, 
Makedonka Mitreva1

1The Genome Institute, St. Louis, MO, United States, 2Washington 
University School of Medicine, St. Louis, MO, United States, 3Institute for 
Medical Microbiology, Immunology and Pathology, University Hospital of 
Bonn, Bonn, Germany

Onchocerciasis is a neglected tropical disease that is responsible for 
significant morbidity (blindness and severe skin disease) in sub-Saharan 

Africa and parts of Latin America. Large-scale public health programs 
based on mass distribution of ivermectin have reduced  Onchocerca 
volvulus infection rates in many areas, and plans are being developed to 
scale up activities to eliminate the disease. Improved diagnostic methods 
are needed for identifying hypoendemic areas that were excluded 
from prior control programs and for determining when transmission 
has been interrupted. The recently introduced Ov-16 antibody test is 
a major step forward, but it has only moderate sensitivity in subjects 
with microfiladermia. We have used a multi-omics approach to identify 
novel diagnostic antigens with high levels of sensitivity and specificity 
that may be useful for immunoassays to support the onchocerciasis 
elimination program. The approach included: i) development of a 
relational database that includes the annotated genome, developmental 
transcriptome (including MF, L3, adult male and adult female), and adult 
female proteome of  O. volvulus; ii) affinity purification  O. volvulus 
antigens using IgG from onchocerciasis patients for identification via 
mass spectrometry. A total of 180 immundominant proteins showed 
favorable interactions with patient and control sera. These included 
many of the major diagnostic antigens that have been identified over the 
past 25 years (e.g., Ov16, Ov3.6, Ov7) plus many new candidates. The 
immunodominant proteins were characterized based on their conservation 
with orthologs in relevant species, expression pattern across the life 
cycle, and expression among eight individual female worms, and 19 
candidates were prioritized for recombinant expression and laboratory 
testing in serodiagnostic assays. These candidate proteins, as well as our 
extensive genomic, transcriptomic, and proteomic datasets, are offered 
to the community (http://nematode.net) to further basic and translational 
onchocerciasis research in diagnostics and other areas.

1886
FURTHER CHARACTERIZATION OF A CARBOHYDRATE-RICH 
CIRCULATING WUCHERERIA BANCROFTI ANTIGEN AS A 
MEMBER OF THE JUV-P120 GENE FAMILY

Philip J. Budge, Jeanne Rumsey, Samantha McNulty, Reid 
Townsend, Peter U. Fischer, Gary J. Weil
Washington University in St. Louis, St. Louis, MO, United States

Rapid diagnostic tests (RDTs) used in the Global Programme to Eliminate 
Lymphatic Filariasis detect a 200 kD circulating filarial antigen (Wb-CFA) in 
blood and serum samples from humans infected with W. bancrofti. Prior 
studies have shown that Wb-CFA is an adult worm excretory-secretory 
(E-S) product that is recognized by monoclonal antibodies AD12.1 and 
DH6.5. These antibodies bind to a single repeated epitope that is not 
specific to W. bancrofti and is likely responsible for false positive RDT 
results seen in some persons with loiasis. The exact nature of the epitope 
is unknown, but its immunoreactivity is destroyed by metaperiodate and 
is not affected by pronase B. In the present study, the Consortium for 
Functional Glycomics (Emory University) assessed the binding specificity 
of AD12.1. The antibody bound strongly to only 2 of 609 targets in 
their mammalian glycan array (GlcAß1-3GlcNAc and GlcAß1-3Gal). 
These disaccharides have been detected in O-linked carbohydrate side 
chains in glycoproteins from other nematodes including C. elegans. To 
identify the protein associated with the glycan moiety, we used tandem 
mass spectroscopy to analyze a tryptic digest of Wb-CFA that had been 
immunoaffinity-purified from pooled patient sera using antibody DH6.5. 
Three peptide sequences were identified in sequences encoded by two 
predicted ORFs situated adjacent to each other on a single 5,762 base pair 
contig in the W. bancrofti draft genome assembly (GenBank accession 
LM003610.1). These peptide sequences were not observed in human or 
common contaminant proteins. Although there is some ambiguity in the 
contig assembly in the vicinity of these ORFs, comparisons with Brugia 
sequences suggest that the two predicted ORFs actually combine to form 
a single ORF encoding protein of ~550 amino acids with high homology 
(66% identity, E score 1e-164) to a B. malayi protein (GenBank accession 
AHB87099.1) that is an orthologue of the L. sigmodontis E-S protein 
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Juv-p120 (GenBank accession AAS92593.1). Work in progress may provide 
insights regarding the function of Wb-CFA and lead to a more specific 
assay for the antigen.

1887
NEW EVIDENCE THAT ANOPHELES GAMBIAE SENSU LATO 
DISCRIMINATE AQUATIC HABITATS FOR OVIPOSITION: 
COULD THIS LIFE TRAIT BE EXPLOITED TO CONTROL 
RESIDUAL MALARIA TRANSMISSION?

Manuela Herrera1, Michael N. Okal1, Steve W. Lindsay2, Ulrike 
Fillinger1

1International Centre of Insect Physiology and Ecology/London School 
of Hygiene & Tropical Medicine, Mbita, Kenya, 2School of Biological and 
Biomedical Sciences, Durham University, Durham, United Kingdom

Residual malaria transmission in Africa is sustained by vector populations 
that resist insecticides and bite outdoors. These could be conceivably 
controlled by targeting gravid Anopheles gambiae s.l. searching for 
oviposition sites. Thus the aim of this study was to investigate if An. 
gambiae s.l. make informed choices when selecting egg-laying sites 
and to identify physical, chemical and biological parameters associated 
with this choices. Egg-count bioassays were used to evaluate oviposition 
responses to habitat water and test if bacterial volatiles affect the selection 
of the aquatic habitat. A cross-sectional case–control study of aquatic 
habitats was done on Rusinga Island in Lake Victoria, Western Kenya 
to compare the characteristics of habitats colonised and not colonized 
by early instar Anopheles larvae. Factors evaluated included biological 
characteristics of the sites, zooplankton, invertebrate fauna, physical 
parameters, nutrients, bacteria communities and volatile chemicals 
released from the water. Experiments showed that wild and caged An. 
gambiae s.l. discriminate between potential aquatic habitats using 
chemical cues. In the field no evidence was found that bacteria from 
natural habitat water influence habitat selection. Although chemical cues 
were highly diverse analysis suggests that cases and control habitats differ 
in the headspace volatile profiles. High turbidity >200 NTU was the only 
environmental factor strongly associated with cases. Other risk factors 
were higher grass coverage (positive association), and the abundance 
of creeping water bugs of the family Naucoridae and fish (negative 
associations). This study demonstrates that gravid An. gambiae choose 
suitable habitats for oviposition using a complex system of chemical 
and visual cues from water bodies. Habitats preferred by An. gambiae 
exhibited distinct and measurable characteristics that can be potentially 
exploited to attract and kill gravid mosquitoes. Such strategies would 
additionally target insecticide resistant and outdoor vector improving 
vector monitoring and control. 

1888
QUANTIFYING DISPERSAL BEHAVIOR FOR CULEX 
QUINQUEFASCIATUS TO AEDES ALBOPICTUS IN COLLEGE 
STATION, TEXAS

Emily Boothe1, Mark Johnsen2, Brendan Roark1, Gabriel L. 
Hamer1

1Texas A&M University, College Station, TX, United States, 2Brazos County 
Health Department, Bryan, TX, United States

To better control populations of mosquitoes and break the transmission 
cycle of vector-borne diseases, it is crucial to understand the dispersal 
of adult mosquitoes. We performed a stable isotope mark-capture 
study, focusing on Culex quinquefasciatus and Aedes albopictus, to 
characterize dispersal distance and behavior. We enriched (i.e. marked) 
naturally occurring larval mosquitoes in container habitats with 13C-glucose 
or 15N-potassium nitrate at two different locations (~0.5km apart) in 
College Station, Texas in 2013. We used 32 CDC light trap, 32 gravid 
trap, and 16 BG Sentinel at different trap locations within a two-kilometer 
radius of the enriched larval habitats. Each location was trapped once 

per week and all mosquitoes collected were identified and numerated. 
Cx. quinquefasciatus and Ae. albopictus were pooled and tested for 
West Nile virus (WNV) by RT-PCR or tested by stable isotope analysis. In 
total, 720 trap nights were completed from July to August 2013 yielding 
a total of 32,140 Cx. quinquefasciatus and 7,722 Ae. albopictus. 
Overall, 69 marked female mosquitoes (n=2,758) and 24 marked male 
mosquitoes (n=350) were captured throughout the study period. Mean 
distance traveled (MDT) was calculated by sex and species. Female Cx. 
quinquefasciatus have a MDT of 0.94km, female Ae. albopictus of 
0.38km, male Cx. quinquefasciatus of 1.16km, and male Ae. albopictus 
of 1.04km. This study provides a greater understanding of the dispersal of 
two important mosquito vectors capable of transmitting diseases in urban 
environments. We also confirm the ability to use stable isotope enrichment 
as a means to study the biology of mosquitoes.

1889
MINIMUM INFECTIOUS TIME 50: A METRIC NOVEL FOR 
STANDARDIZED COMPARISONS OF VECTOR COMPETENCE

Rebecca Christofferson1, Helen Wearing2, Christopher Mores1

1Louisiana State University, Baton Rouge, LA, United States, 2University of 
New Mexico, Albuquerque, NM, United States

Chikungunya (CHIKV) virus has seen an increase in its transmission 
intensity and geographic range. Two particular events - the Indian Ocean 
and the ongoing outbreak in the Caribbean, each resulting in hundreds 
of thousands of cases - have been caused by different lineages of the 
virus. It has been reported that phenotypic differences between lineages 
of CHIKV are critical to understanding the scope of outbreaks. After 
the emergence of East Central South African sublineage in the Indian 
Ocean (ECSA-V), laboratory studies indicated increased efficiency of this 
viral type in a historically secondary vector, Ae. albopictus. Since then, 
this combination of lineage-vector has been the focus of most of the 
CHIKV vector competence studies. However, the ongoing outbreak in 
the Caribbean has been attributed to a strain belonging to the Southeast 
Asian genotype and Ae. aegypti, suggesting that this focus might be 
short-sighted. There is a paucity of data directly comparing the vector 
competence of these two lineages in Ae. aegypti. Further, mathematical 
models of transmission, used often to predict and forecast outbreak 
trajectories, rely on vector competence studies to parameterize their 
models by extrapolating the extrinsic incubation period (EIP) of the virus 
within the mosquito vector(s). These two measures- vector competence 
and EIP- are parts of a single process, but are rarely considered together 
either for the design of experimental investigations or for interpretation 
of vector competence to parameterize models. To bridge these gaps, we 
directly compare experimental vector competence results of these two 
lineages and subsequently propose the MIT50, the mosquito infectious 
time 50 (the time it takes post-exposure for 50% of exposed mosquitoes 
to become infectious). We show that the phenotypic differences detected 
between the two lineages are more directly comparable and more likely to 
be appropriately interpreted for model parameterization with the MIT50. 
We demonstrate the effect of mosquito mortality on transmission by 
calculating the mortality reduced transmission rate as the probability that a 
mosquito survives to transmit at MIT50.

1890
NATURAL WOLBACHIA INFECTIONS IN ANOPHELES 
GAMBIAE SENSU LATO

Robert Shaw1, Perrine Marcenac1, Abdoulaye Diabaté2, Flaminia 
Catteruccia1

1Harvard T.H. Chan School of Public Health, Boston, MA, United States, 
2Institut de Recherche en Sciences de la Santé/Centre Muraz, Bobo-
Dioulasso, Burkina Faso

Wolbachia is an intracellular bacterial endosymbiont that infects the 
germlines of many arthropod species. It has been proposed as a tool 
to control malaria transmission in Anopheles mosquitoes for two key 
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properties. First, Wolbachia can spread through natural populations due to 
reproductive phenotypes induced in the host insect, principally cytoplasmic 
incompatibility (CI). In CI, Wolbachia-uninfected females produce no fertile 
progeny with Wolbachia-infected males, while Wolbachia-infected females 
produce fertile progeny with any male, thus driving the infection into 
the population. Second, Wolbachia infection can block human pathogen 
development in several insects, recently extended to include the inhibition 
of Plasmodium development in female Anopheles mosquitoes. Central 
to the future of using Wolbachia in malaria control, our laboratory has 
identified for the first time strong evidence of natural Wolbachia infections 
in field populations of An. gambiae sensu lato in Burkina Faso, Africa. 
Whole-genome shotgun metagenomic sequencing has placed this strain in 
a novel phylogenetic group – wAnga – distinct from, but related to, other 
dipteran Wolbachia strains. Infection persisted at low frequency (20-40%) 
over four years despite imperfect vertical transmission to progeny. We 
have successfully colonized mosquitoes harboring this infection and have 
examined whether these bacteria affect the reproductive success of their 
mosquito host. Moreover, fluorescent in situ hybridization targeting 16S 
rRNA sequences localizes wAnga within the female germline, consistent 
with vertical transmission. Our results suggest a role for Wolbachia in 
modulating aspects of mosquito biology that are highly relevant to 
vectorial capacity.

1891
REGULATION OF THE MOSQUITO MIDGUT BACTERIA BY THE 
STEROID HORMONE 20-HYDROXYECDYSONE

Sarah D. Sneed, Letitia K. Thompson, Michael Povelones
Department of Pathobiology, School of Veterinary Medicine, University of 
Pennsylvania, Philadelphia, PA, United States

Anopheles gambiae and Aedes aegypti are mosquito species that 
cause high morbidity and mortality by spreading pathogens such as 
Plasmodium parasites and arboviruses. As the midgut of the mosquito 
is the main barrier to dissemination of pathogens from a bloodmeal into 
the hemolymph, understanding midgut immune mechanisms and their 
regulation is critical. Blood feeding triggers signaling pathways required 
for successful egg development. We hypothesized that these pathways 
may play additional roles in modulating immunity. The steroid hormone 
20-hydroxyecdysone (20E) signaling cascade plays an important role in 
egg development. 20E is rapidly produced in the ovaries in response to 
blood feeding and is released into the hemolymph where it can signal to 
peripheral organs. Previously, studies of the relationship between 20E and 
mosquito immunity have been focused on 20E’s effect on the fat body. To 
date, no studies have examined the midgut as a potential target of 20E 
signaling. We found that directly injecting 20E into non-blood fed Ae. 
aegypti and An. gambiae resulted in a significant increase in midgut 
bacteria measured by colony counting and 16S qPCR. The increase in 
bacteria parallels what is observed after blood feeding. Metagenomic, 
transcriptomic, and functional analyses of 20E treated mosquitoes are 
underway to explore mechanisms leading to expansion of midgut bacteria. 
Our work provides evidence that 20E signaling influences midgut bacteria 
levels and that this mechanism is conserved across diverse mosquito 
species. Understanding regulation of the mosquito commensal population 
is crucial as their abundance and species composition have been 
implicated in disease transmission.

1892
GENOMIC DIVERGENCE TO LOCAL ADAPTATION IN CRYPTIC 
SUBGROUPS OF ANOPHELES FUNESTUS

Caroline Fouet, Colince Kamdem, Stephanie Gamez, Bradley J. 
White
University of California Riverside, Riverside, CA, United States

Anopheles funestus, the second most important vector of human 
malaria in Sub-Saharan Africa, is splitting into multiple cryptic species 
and subgroups, which have yet to be fully delineated. We used high-

throughput sequencing to explore the genomic patterns of divergence 
and local adaptation in wild-caught An. funestus from Cameroon. 
Genotyping of 6605 SNPs across 101 individuals confirmed the presence 
of cryptic ecotypes differentially adapted to the savannah and rainforest. 
Genomic regions of high differentiation between the two ecotypes are 
clustered on the 3R chromosome, particularly within the 3Ra and 3Rb 
chromosomal inversions. Comparative mapping of chromosomal arms 
showed that several outlier regions of genetic differentiation within the 
3Rb inversion of An. funestus map to the 2La inversion of An. gambiae, 
which is also associated with adaptation to aridity. Despite 50 million years 
of divergence, it appears that An. funestus and An. gambiae utilize the 
same repertoire of genes to adapt to contrasting environment - a truly 
remarkable case of convergent evolution. Further functional analyses 
of genes within the overlapping chromosomal regions of An. funestus 
and An. gambiae will provide a deeper understanding of the direct 
mechanisms underlying parallel adaptation in these two rapidly evolving 
species.

1893
EFFICACY OF SISAL STRIPS IMPREGNATED WITH 
TRANSFLUTHRIN SPATIAL REPELLENT DISPENSED AT ROOM 
TEMPERATURE TO PROTECT AGAINST OUTDOOR BITING 
MALARIA VECTORS

Sheila O. Barasa, Arnold Mmbando, Johnson Kyeba, Hasan 
Ngonyani, Mohammed Kitumbukile, Gerald F. Killeen
Ifakara Health Institute, Dar es Salaam, United Republic of Tanzania

In most African settings, people spend time outside houses in the early 
evening before they are under the protection of long lasting insecticide 
treated nets thus are exposed to infectious mosquito bites. An ideal spatial 
repellent is likely to provide long range repellency outdoors and reduce 
mosquito bites. The objectives of this study were to determine protective 
efficacy of sisal strips treated with Transfluthrin and to determine 
protection to non-users, as well as degree of diversion of mosquitoes 
from users of Transfluthrin sisal strips to the non-users. Experiments were 
conducted in a rural village, southeastern Tanzania. The main malaria 
vectors are Anopheles arabiensis mosquitoes that bite both indoors 
and outdoors. Efficacy of Transfluthrin sisal strips was determined by 
measuring the biting rate of mosquitoes of human landing catchers 
with treated Transfluthrin sisal compared to untreated sisal. Durability of 
efficacy of treated sisal was determined as well as protection of treated 
to non-user at different distances (10m, 20m, 30m, 40m and 60m) from 
the user of treated sisal. Over 8000 persons hours of human catches were 
conducted. Treated strips prevented more than 80% bites for a period of 
30 weeks and at least 50% bites were prevented 90 weeks after the strips 
had been treated. Treated strips provided 40% relative protection to non-
users at 5m and no evidence of increased risk to non-users beyond that 
distance was obvious. Analysis of all 4032 person hours of human landing 
catches from the dose-response reveal that; 0.01ml Transfluthrin provided 
80% protection against mosquito bites, 1ml Transfluthrin provided 70% 
protection, 2ml provided 70% protection and 5ml Transfluthrin provided 
70% protection. Sisal fibers are excellent substrates for dispensing vapour 
active spatial repellents, including Transfluthrin without the need of 
external sources of heat. This study shows that treated sisal strips reduced 
bites of outdoor biting An. arabiensis hence are likely to protect against 
malaria occurring outdoors LLINs may not be sufficient.

1894
NORTH AMERICAN PARAGONIMIASIS: IDENTIFICATION OF A 
NOVEL INTERMEDIATE SNAIL HOST FROM MISSOURI

Melanie Lloyd1, Stephen E. McMurray2, Peter U. Fischer1

1Washington University School of Medicine, St. Louis, MO, United States, 
2Missouri Department of Conservation, Columbia, MO, United States

Paragonimiasis is a foodborne trematode infection that affects 23 million 
people mainly in Asia. The infection is locally of great public health 
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importance and can cause a serious lung disease that is often misdiagnosed 
as tuberculosis or cancer. In North America, paragonimiasis is caused by 
Paragonimus kellicotti. Infection is rarely seen in humans but is common 
is the animal definitive host in some states. After a small outbreak of 
human paragonimiasis in southern Missouri, the second intermediate 
host and source of human infection was identified as common crayfish 
species Orconectes punctimanus, O. luteus and O. virilis. Although 
the infection rates in crayfish were locally very high (>60%), the first 
intermediate host remained unknown. Only the walker snails Pomatiopsis 
lapidaria and P. cincinnatiensis (family Hydrobiidae) have been reported 
as first intermediate hosts for P. kellicotti. These snail species have not 
been observed in areas with high infection rates in crayfish. In order to 
identify the snail host of P. kellicotti in our study area, we collected more 
than 2,000 snails of the three most common species and screened them 
by light exposure/cercariae shedding and dissection for developmental 
stages of P. kellicotti. We detected cerariae and rediae of P. kellicotti in 
the endemic species Elimia potosiensis (family Pleuroceridae). Trematode 
identity was confirmed by PCR and DNA sequencing. E. potosiensis is also 
the first intermediate host to at least two undescribed trematode species. 
According to ITS-2 sequence, these appear similar to Lecithodendrium 
spathulatum, a parasite of bats, and Collyriclum faba, a parasite of birds. 
Our findings indicate that P. kellicotti has a wider first intermediate host 
range than previously assumed, and can use high abundance snail species 
of different families for development. The flexibility of the host range of all 
developmental stages of P. kellicotti may explain why this parasite species 
can be locally so abundant.

1895
ASSESSING THE EFFECT OF WATER QUALITY MARKERS ON 
THE VIABILITY OF SCHISTOSOME-BEARING SNAILS

Amsul Khanal, Yi-Ju Hsieh, Margaret Mentink-Kane, Grace 
Cheung, Michael H. Hsieh 
Biomedical Research Institute, Rockville, MD, United States

Schistosomiasis, infection by Schistosoma worms, is a disease that 
affects over 200 million people worldwide, mostly in developing areas in 
Africa and Asia. Biomphalaria, Bulinus, and Oncomelania snails are 
the intermediate hosts for Schistosoma, which emerge from these snails 
as cercaria, the larval stage which infects humans. At the Biomedical 
Research Institute (BRI), we maintain the life cycle for multiple species of 
schistosomes and provide these parasites for researchers around the world. 
Given the importance of optimizing viability of lab-cultivated snails to 
our mission, we are investigating the effects of water quality markers on 
the growth and viability of Biomphalaria, Bulinus, and Oncomelania 
snails. We have determined the baseline values for various water quality 
markers such as pH, chlorine content, conductivity, total dissolved solids, 
salinity, hardness and surface tension. Adjustment of multiple water 
quality markers affects the viability of schistosome-bearing snails. Our 
work has implications for not only optimal laboratory cultivation of snails, 
but may also help identify novel means by which water properties can be 
manipulated in order to reduce infestation by schistosome-bearing snails.

1896
SPATIAL ANALYSIS TO HUMAN FECAL WATER 
CONTAMINATION BY MICROBIAL SOURCE TRACKING: 
ASSOCIATION WITH RISK OF SCHISTOSOMIASIS FOLLOWING 
TREATMENT IN BRAZIL

Rafael Ponce-Terashima1, Ronald Blanton2, Mitermayer G. Reis3

1Mercer University, Macon, GA, United States, 2Center for Global Health 
and Diseases, Case Western Reserve University, Cleveland, OH, United 
States, 3Laboratory of Pathology and Molecular Biology, Gonçalo Moniz 
Research Center, Oswaldo Cruz Foundation, Salvador, Brazil

Schistosomiasis is to a degree a disease of contact with fecally 
contaminated surface waters, rather than ingestion. In a community in 
rural Bahia, Brazil that straddles a shallow river, we previously developed a 

model which showed that proximity from a person’s home to the nearest 
water contact site and concentration of human fecal contamination at 
this point explained ~50% of the risk of infection. This result was for data 
obtained during a community survey prior to treatment when prevalence 
of infection was 45%. We also observed that human fecal contamination 
increased considerably in the downstream portion of the village. Human 
fecal contamination was assessed by determination of a widely used 
Lachnospiraceae marker, which we validated by pyrosequencing and qPCR 
of local stool samples. In this opportunity, we used QGIS to test our model 
in this same village following treatment. All individuals who tested positive 
were treated in 2009 and at follow up in 2012, prevalence had declined 
by 48% and intensity by 44%. Those infected were again treated in 2012 
and the village was re examined in 2013 when prevalence declined by 32% 
and intensity by 30%. Re infection rates were 33.7 and 18.4% in 2012 and 
2013, respectively. Incidence was 22.0 and 12.9%. Our model explained 
73% and 81% of the risk of infection in 2012 and 2013, respectively. 
Improvement in identification of risk by the model over time can be 
explained by the effect of treatment. People who live closer to water with 
high human fecal contamination are more likely to be re infected and 
people who live in proximity to water with low contamination are likely to 
remain infection free. This is further supported by spatial analysis which 
showed that over time, new infections clustered downstream. Our findings 
give more insight into the importance of human fecal water contamination 
for schistosome transmission. Models of schistosome transmission and 
spatial analysis may aid in identifying areas at risk of re infection in 
communities with high prevalence of infection undergoing treatment.

1897
DETERMINANTS OF SCHISTOSOMA JAPONICUM 
INTERMEDIATE HOST MIGRATION IN SICHUAN, CHINA

Jennifer R. Head1, Howard H. Chang2, Justin V. Remais1

1Department of Environmental Health, Rollins School of Public Health, 
Emory University, Atlanta, GA, United States, 2Department of Biostatistics 
and Bioinformatics, Rollins School of Public Health, Emory University, 
Atlanta, GA, United States

Schistosomiasis is targeted for elimination in China, and monitoring for 
re-emergence in previously controlled areas in this country has become 
a major public health priority. Host and vector dispersal can facilitate 
the spread and re-emergence of infectious diseases, but little is known 
about the movement of Oncomelania hupensis, the intermediate host 
for Schistosoma japonicum. This study characterized intermediate 
host snail movement between villages in Western China and examined 
environmental factors that affect host dispersal in this setting. Snail 
migration rates between 32 sites in Sichuan Province, China, were 
estimated using Bayesian assignment tests conducted on genotypes of 
833 O. hupensis snails. Bi-directional effective geographic distances (EGD) 
between each site pair were estimated based on geographic weightings 
representing nine environmental models: Euclidean, topography, incline, 
wetness, land use, distance from watershed, stream use, streams and 
channels, and stream velocity. Median, first quartile and minimum EGD 
values were analyzed as to their ability to explain estimated paired 
migration rates using mixed effects models. Among sites, 7.8% to 32.7% 
of sampled snails were identified as migrants, with 20 sites containing 
over 20% migrants. Migration rates were generally low between sites; 
however, for 12 sites, as much as 80% of the migrant population and 
over 10% of the overall snail population originated from a proximal 
site. EGD was found to be a significant predictor of migration rate, with 
the log of the minimum EGD emerging as the best predictor across all 
environmental models. Odds of migration decreased as EGD increased (OR 
from Euclidean model: 0.70, 95% CI: 0.63, 0.78). Models accounting for 
topography and wetness explained a significantly larger proportion of the 
variance in migration between sites as compared to the Euclidean model. 
Random intercept models suggest nearly 50% of the variation in migration 
rate can be attributed to site-specific factors, and roughly 10% can be 
attributed to EGD. Our findings have important implications for controlling 
the geographic spread of schistosomiasis in China.
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1898
DOES FLOODING DETERMINE THE DISTRIBUTION OF 
SCHISTOSOME-TRANSMITTING SNAILS IN MIDDLE TO 
LOWER REACHES OF THE YANGTZE RIVER, CHINA?

Sheng-Bang Zheng1, Song Liang2, Yi-Biao Zhou1, Jin-Yi Wu1, 
Jian-Chuan Gao1, Lin-Han Li1, Guang-Hui Ren3, Xiu-Xia Song1, 
Zhong He4, Qing-Wu Jiang1

1Fudan University, Shanghai, China, 2University of Florida, Gainesville, FL, 
United States, 3Hunan Station for Schistosomiasis Control, Changsha, 
China, 4Junshan Office of Leading Group for Schistosomiasis Control, 
Yueyang, China

Schistosomiasis, caused by blood fluke genus Schistosoma, is one of 
the most devastating tropical diseases in the world. Oncomelania 
hupensis is the only intermediate host of schistosoma and its growth 
and development are sensitive to environmental factors. In China, these 
snails are only found in the 12 Provinces located along the Yangtze River 
and south of it. Hunan Province, located in the southeastern hinterland 
of China, along the middle and lower reaches of the Yangtze River, is 
one of the schistosomiasis endemic areas in China, and Oncomelania 
snails are mainly distributed in the vast floodplains of Dongting Lake 
region, the northeastern part of Hunan Province, while no snail is found 
in the southwestern part of Hunan Province, where the altitude is much 
higher. In this study, we focused on the influence of extreme low air 
temperature, annual precipitation and time of flooding on the distribution 
of Oncomelania snails in Hunan Province, China. The distribution areas of 
snails in Hunan Province were marked and the data of annual extreme low 
air temperature, annual precipitation and the time of flooding from 1995 
to 2002 was collected or calculated. Nonparametric tests suggest that in 
Hunan Province, the extreme low air temperature and precipitation are 
not the main factors that impact the distribution of Oncomelania snails, 
while the time of flooding is a crucial factor that influences the distribution 
of Oncomelania snails in Hunan Province, and the favorable time for the 
snail’s survival ranges from about 2 to 7 months.

1899
THE SCHISTOSOMA MANSONI CYTOCHROME P450 (CYP450) 
IS ESSENTIAL FOR WORM SURVIVAL

Peter D. Ziniel1, Ethan Fisher2, Andrew Barnard1, Larissa M. 
Podust3, David Williams1

1Rush University Medical Center, Chicago, IL, United States, 2Illinois 
Mathematics and Science Academy, Aurora, IL, United States, 3Skaggs 
School of Pharmacy and Pharmaceutical Sciences, University of California 
San Diego, La Jolla, CA, United States

Schistosomiasis affects millions of people in developing countries and 
is responsible for over 200,000 deaths annually. There is only one drug, 
praziquantel, available for its treatment. Recent data suggest that drug 
resistance could soon be a problem. There is therefore the need to identify 
new drug targets and develop drugs for the treatment of schistosomiasis. 
Unlike many other organisms, e.g., humans have 57 CYP450 genes and 
C. elegans has 83 CYP450 genes, Schistosoma mansoni has only one 
CYP450 gene encoded in its genome. Analysis shows that the predicted 
1452 bp open reading frame encodes a characteristic heme-binding 
region in its catalytic domain and a hydrophobic sequence that is usually 
present as the membrane interacting region in other CYP450s. The highest 
identity to human CYP450s is 22%. Using 5’ RACE and analysis of cDNAs 
from worm populations and different developmental stages, we found no 
evidence that the schistosome CYP450 mRNA is differentially spliced or 
processed, suggesting that a single CYP450 protein is present in worms. 
Analysis of CYP450 mRNA abundance indicates that it is differentially 
regulated with the egg and schistosomula having the highest levels. 
Additionally, adult female worms have higher message levels than adult 
male worms. We used reverse genetic and chemical tools in order to 
determine if the CYP450 is essential for parasite survival. RNA interference 
caused large reductions in CYP450 mRNA and resulted in schistosomula 

death. CYP450s are targets of many antifungal and cancer therapies. 
Antifungal azoles target 14α-demethylase (CYP51A1), a vital CYP450 
enzyme for sterol metabolism and cell membrane stability in fungi. We 
found that imidazole antifungal agents related to miconazole targeted 
CYP450 and resulted in larval and adult worm death at low micromolar 
concentrations. In addition, combined sub-lethal concentrations of both 
CYP450-specific dsRNA and miconazole showed an additive effect on 
larval worm death indicating that the effect of miconazole is CYP450 
specific. Our results indicate that the schistosome CYP450 is essential for 
worm survival and could be an ideal drug target.

1900
SCHISTOSOME ABC TRANSPORTERS: ROLES IN DRUG 
SUSCEPTIBILITY TO PARASITE PHYSIOLOGY

Swarna Bais, Yue Ning, Ravi S. Kasinathan, Robert M. Greenberg
University of Pennsylvania, Philadelphia, PA, United States

Praziquantel (PZQ) is essentially the only drug available for the treatment 
of schistosomiasis, a disease affecting hundreds of millions. Although 
invaluable, PZQ has significant limitations. It is largely ineffective against 
juvenile schistosomes, and there are several reports of treatment failures in 
the field. Clearly, there is an urgent need for new therapeutics. ATP binding 
cassette (ABC) transporters such as P-glycoprotein (Pgp) mediate efflux of 
toxins and xenobiotics from cells and are associated with drug resistance in 
many organisms, including parasitic helminths. They show broad substrate 
specificity and are inhibited by several drugs currently in clinical use. ABC 
transporters are also implicated in a variety of normal physiological activities 
and transport many potent signaling molecules with high affinity, including 
several with immunomodulatory activity. We hypothesize that schistosome 
ABC transporters offer attractive candidate targets for new or repurposed 
drugs that act either as antischistosomals on their own or as adjuncts that 
enhance parasite susceptibility to PZQ. Schistosomes with reduced PZQ 
sensitivity show higher basal expression of ABC transporters such as Pgp 
(SMDR2) and multidrug resistance associated protein (SmMRP1). ABC 
transporters are also upregulated in response to sub-lethal concentrations 
of PZQ. PZQ is both an inhibitor and likely substrate of schistosome 
Pgp. Disruption of transporter function (by inhibition) or expression (by 
RNAi) increases the activity of PZQ against adult parasites, and results in 
PZQ-refractory juvenile worms becoming susceptible to the drug. ABC 
transporters also appear to play a role in parasite egg production. We are 
currently investigating the role of schistosome ABC transporters in PZQ 
susceptibility of the parasite within the host. We are also assessing the 
role of these transporters in the parasite’s modulation of host immune 
responses. These studies should provide important insights into the role of 
ABC transporters in PZQ susceptibility and parasite physiology, and may 
offer targets for novel or repurposed therapeutics.

1901
EBOLA EPIDEMIC IMPEDES MALARIA CARE DELIVERY IN 
GUINEA

Mateusz Plucinski1, Timothée Guilavogui2, Sidibe Sidikiba3, 
Nouman Diakité2, Souleymane Diakité2, Mohamed Dioubaté2, 
Ibrahima Bah4, Ian Hennessee5, Jessica K. Butts1, Eric S. Halsey1, 
Peter D. McElroy1, S. Patrick Kachur1, Jamila Aboulhab1, Richard 
James6, Moussa Keita2

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 
2National Malaria Control Program, Conakry, Guinea, 3Mafèrinyah Rural 
Health Research Center, Mafèrinyah, Guinea, 4Catholic Relief Services, 
Conakry, Guinea, 5Emory Rollins School of Public Health, Atlanta, GA, 
United States, 6Division of Prevention and Disease Control, Ministry of 
Health, Conakry, Guinea

The current Ebola epidemic has had significant impact on the overall 
functioning of the healthcare system in affected countries. Due to the 
overlap of symptoms of Ebola virus disease and malaria, and malaria’s 
position as the leading cause of health facility visits, malaria care delivery is 
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particularly sensitive to healthcare system perturbations due to the Ebola 
epidemic. A survey of 60 randomly-selected health facilities in prefectures 
highly affected by Ebola and 60 randomly-selected health facilities in 
Ebola-unaffected prefectures was performed in Guinea in December 
2014. Study teams abstracted malaria case management indicators from 
registers for January-November for 2013 and 2014 and interviewed 
healthcare workers and community health workers. Nationwide weekly 
surveillance data on suspected malaria cases reported for 2011-2014 
were also analyzed. The expected number of cases in 2014, estimated 
from the trends in 2011-2013, was compared to the observed surveillance 
data for 2014. There were substantial reductions in all-cause patient visits 
(-42%), fever cases (-46%), and patients treated with oral and injectable 
antimalarials (-58% and -69%) in adults and children >5 in Ebola-affected 
prefectures, with smaller but still substantial reductions in other age 
groups and in Ebola-unaffected prefectures. In Ebola-affected prefectures, 
only 74% of community health workers were operational, and only 48% 
of those working reported actively treating malaria cases, compared to 
66% before the Ebola epidemic (p-value <0.01). Nationwide, the Ebola 
epidemic was estimated to have resulted in 74,000 (95% CI: 71,000-
77,000) fewer malaria cases seen at health facilities from the start of the 
Ebola epidemic to the end of 2014. The decrease in malaria care delivery 
at the health facility and community level due to the Ebola epidemic 
threatens malaria control in Guinea. Untreated and inappropriately treated 
malaria cases lead to excess malaria morbidity and mortality, and thus 
more fever cases in the community. This makes identification of suspect 
Ebola cases more difficult, potentially hampering an effective Ebola 
outbreak response.

1902
DEATHS DUE TO PLASMODIUM KNOWLESI MALARIA IN 
SABAH, MALAYSIA, 2012-2014: REDUCED FATALITY RATE 
WITH IMPROVED USE OF INTRAVENOUS ARTESUNATE

Giri Rajahram1, Bridget E. Barber2, Timothy William1, Matthew J. 
Grigg2, Jenarun Jelip3, Jayaram Menon4, Tsin W. Yeo2, Nicholas M. 
Anstey2

1Department of Infectious Diseases, Queen Elizabeth Hospital, Kota 
Kinabalu, Malaysia, 2Menzies School of Health Research, Darwin, Northern 
Territory, Australia, 3Sabah Department of Health, Kota Kinabalu, Malaysia, 
4Department of Medicine, Queen Elizabeth Hospital, Kota Kinabalu, 
Malaysia

Plasmodium knowlesi is the most common cause of malaria in Malaysia, 
and an important cause of fatal malaria in Sabah. In a review of malaria 
deaths in Sabah during 2010-2011, fatal outcomes were associated with 
misdiagnosis of knowlesi malaria as P. malariae and consequent delayed 
initiation of parenteral therapy. In Malaysia intravenous artesunate is now 
the recommended firstline treatment of severe malaria of any species. 
We reviewed malaria notification data and case notes of mandatorily-
reported malaria deaths in Sabah 2012-2014, to describe clinical details 
of P. knowlesi deaths and to assess for trends in P. knowlesi case fatality. 
Sixteen malaria deaths were reported: 7 P. knowlesi, 7 P. falciparum, 
and 1 P. vivax (all PCR-confirmed), and one microscopy-diagnosed “P. 
malariae”. Median age of fatal P. knowlesi cases was 61 years, and four 
were female. Complications of PCR-confirmed P. knowlesi cases included 
jaundice (N=5), metabolic acidosis (N=5), acute kidney injury (N=3), shock 
(N=6), and respiratory distress (N=7). Four P. knowlesi cases were diagnosed 
by microscopy as P. malariae, 1 as P. falciparum, 1 as P. vivax and 1 as 
P. knowlesi. All recognised to have severe malaria on admission received 
intravenous artesunate. A total of 3138 cases of microscopy-diagnosed P. 
malariae/P. knowlesi were notified in Sabah during 2012-2014, giving a 
fatality rate of 2.23 per 1000 notifications, compared to a fatality rate of 
5.5 per 1000 notifications during 2010-2011 (1087 notifications with 6 P. 
knowlesi deaths). Despite ongoing microscopic misdiagnosis of P. knowlesi, 
management of severe malaria in Sabah appears to have improved. Although 
the study demonstrates the ability of P. knowlesi to cause fatal disease 
despite optimal therapy, increased use of artesunate has been associated 
with a reduction in P. knowlesi fatality-rates.

1903
CLUSTERING OF IMPORTED MALARIA CASES IN A SETTING 
OF VERY-LOW MALARIA INCIDENCE IN NORTHERN SENEGAL

Yakou Dieye1, Adama Tall1, Gnagna Dieng Sow1, Algaye Ngom2, 
Mady Ba3, Badara Cisse1, Farba Faye1, Balla M. Mboup4, Michael 
Hainsworth5, Philippe Guinot1, Duncan Earle6, Rick W. Steketee5

1PATH MACEPA, Dakar, Senegal, 2Richard-Toll District Medical Office, 
Richard-Toll, Senegal, 3Senegal National Malaria Program (NMCP), Dakar, 
Senegal, 4Saint-Louis Regional Medical Office, Saint-Louis, Senegal, 5PATH 
MACEPA, Seattle, WA, United States, 6PATH MACEPA, Lusaka, Zambia

Richard-Toll district (pop. 157,915) in northern Senegal is home to 
industrial activities among which are sugar cane harvesting and refining, 
with about 2,000 seasonal and 3,000 permanent workers. Recognizing 
very low transmission and numbers of infected residents in the district, 
a malaria case investigation strategy was initiated in Richard-Toll by the 
NMCP in 2012 and has continued as a routine district-wide intervention. 
RDT or microscopy-confirmed cases presenting to health facilities are 
followed to their homes and all members of the index case household 
and the 5 nearest households are tested for malaria and given treatment 
if positive. In 2013, 234 passively detected cases of malaria were 
investigated and 10,071 contacts were tested, with 42 positive secondary 
cases. Of the 276 total positive cases, 175 (63%) had recent travel history. 
In 2014, 134 passively detected cases of malaria were investigated and 
5,751 contacts were tested, with 14 positive secondary cases. Of the 148 
total positive cases, 104 (70%) had recent travel history. Travel appears 
to play an important role in malaria transmission and there appears to be 
clustering of travel-related cases around Richard-Toll city during October-
November: in 2013 and 2014, 79% and 80% of cases had recent travel 
(53% and 62% of total imported cases in district) and 51% and 57% 
occurred in October and November. In 2014, 82% of cases with recent 
travel were concentrated in 4 neighborhoods. This period coincides with 
the beginning of the school year and the sugar cane harvest, as well as a 
major religious holiday in 2014. These results suggest that opportunities 
exist to improve targeting of malaria elimination strategies within the 
district, including focused screening of higher-risk populations such as 
seasonal workers, pupils and travelers. During 2012-2014, 478 cases were 
passively identified in health facilities and 72% were associated with travel 
and likely imported, suggesting that local transmission within the district 
is extremely low (average of 0.28/1000 pop./year) and with attention to 
reducing the risk of imported infections, the district could rapidly become 
malaria-free.

1904
TOLERABILITY TO SAFETY OF WEEKLY PRIMAQUINE 
AGAINST RELAPSE OF PLASMODIUM VIVAX IN GLUCOSE-
6-PHOSPHATE DEHYDROGENASE DEFICIENT TO NORMAL 
CAMBODIANS

Walter R. Taylor1, Sim Kheng2, Muth Sinoun2, Narann Tops3, 
Khem Kosal4, Khon Sothea4, Phum Souy5, Saorin Kim6, Chuor 
Char2, Chan Vanna7, Po Ly2, Pascal Ringwald8, Virak Khieu2, 
Alexandra Kerleguer6, Pety Tor6, John K. Baird9, Steven Bjorge3, 
Didier Menard6, Eva Christophel10

1MORU, Bangkok, Thailand, 2CNM, Phnom Penh, Cambodia, 3World 
Health Organization, Phnom Penh, Cambodia, 4Pailin Referral Hospital, 
Pailin, Cambodia, 5Aning Venh Referral Hospital, Oddar Meanchey, 
Cambodia, 6Pasteur Institute, Phnom Penh, Cambodia, 7Pramong 
Health Centre, Pursat, Cambodia, 8World Health Organization, Geneva, 
Switzerland, 9Eijkman Oxford Clinical Research Unit, Jakarta, Indonesia, 
10WHO WPRO, Manila, Philippines

Primaquine (PQ) is not implemented in many malaria endemic countries, 
including Cambodia, to prevent Plasmodium vivax relapse for fear of 
precipitating PQ-induced acute haemolytic anaemia (AHA) in patients with 
glucose-6-phosphate dehydrogenase deficient (G6PDd). Reluctance to 
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use primaquine is reinforced by a lack of quality safety data. From January 
2013-January 2014, Cambodians with acute vivax malaria were treated 
with dihydroartemisinin-piperaquine on Days (D) 0, 1 and 2 plus weekly 
primaquine 0.75 mg/kg x 8 doses (D0, 7, 14 to D49) and follow to Day 56. 
G6PD genotype and measured G6PD activity confirmed G6PD status. The 
primary outcome was treatment completion without primaquine toxicity 
defined as any one of: (i) severe anaemia (Hb<7 g/dL), (ii) a fractional fall 
in Hb >25% vs. D0, (iii) blood transfusion, (iv) haemoglobinuria, (v) acute 
kidney injury (AKI, an increase in baseline serum creatinine > 50%), or 
(vi) methaemoglobinaemia (metHb) > 20%. The Trial registration number 
is ACTRN12613000003774. 75 patients were enrolled with a median 
(range) age of 24 (5-63) years; 63 (84%) patients were males. D0 G6PD 
activity ranged from 0.1-1.5 U/g Hb (median 0.85 U/g Hb) in 18 G6PDd 
patients (17/18 had the Viangchan variant) and 6.9-18.5 U/g Hb (12 U/g 
Hb) in 57 G6PD normals (G6PDn). Median (range) D0 Hb concentrations 
were similar (p=0.46) between G6PDd vs. G6PDn: 13 g/dL (9.6-16) vs. 
13.5 g/dL (9-16.3) and nadired on D2 in both groups: 10.8 g/dL (8.2-
15.3) vs. 12.4 (8.8-15.2) g/dL (p=0.006), respectively. By D7, five G6PDd 
patients (27.7%) had > 25% fall in Hb vs. 0/57 in G6PDn (p=0.00049), 
including one G6PDd male who required a blood transfusion (D0-D5 Hb 
10.0-7.2 g/dL). No patient developed severe anaemia, haemoglobinuria, 
metHb concentration > 4.9% or AKI. In conclusion, vivax infected, G6PDd 
patients suffered significant, mostly transient, falls in Hb and one was 
transfused. Weekly primaquine in G6PDd patients mandates medical 
supervision and pretreatment screening for G6PD status. The feasibility 
of implementing a package of G6PDd testing and supervised primaquine 
should be explored.

1905
IMPROVING MALARIA DATA QUALITY TO USE IN HEALTH 
MANAGEMENT INFORMATION SYSTEM, TANZANIA

Ritha A. Willilo1, Franky Chacky2, Renata Mandike2, Enock 
Mhehe3, Naomi Kaspar4, George Greer4, Ramsan Mahdi1, Jeremiah 
Ngondi1
1RTI International, Dar es Salaam, United Republic of Tanzania, 2National 
Malaria Control Program, Dar es Salaam, United Republic of Tanzania, 
3Ministry of Health and Social Welfare, Dar es Salaam, United Republic of 
Tanzania, 4United States Agency for International Development, Dar es 
Salaam, United Republic of Tanzania

Malaria data is an important aspect for monitoring malaria burden and 
intervention coverage to inform evidence-based programmatic decisions. 
Anecdotal evidence suggests that the quality of malaria data from routine 
health management information system (HMIS) is poor which made 
it difficult to analyze, interpret and ultimately the use of these data is 
limited. The situation analysis was conducted to assess, identify gaps, and 
setting up priorities of malaria data quality and use in Tanzania’s HMIS. 
Desk reviews and field-based data collection was conducted to gather 
information that describes current practice, barriers and needs for malaria 
data quality improvement. A stakeholder’s workshop was convened to 
triangulate data, identify gaps, propose solutions, prioritize activities and 
develop a work plan to improve data quality and use. The findings suggest 
that malaria data quality in Tanzania is poor. The main issues reported at 
the facility level were data inconsistencies (in the registers, tally sheets 
and summary forms), data collection tools not being available and not 
being filled out. The findings also showed that most of health facilities do 
not complete the tally sheets. At the district and regional levels, the main 
challenge encountered was unreliable internet connectivity that hindered 
timely processing of data into the DHIS2 system. The stakeholders 
proposed priorities for improving data quality and use, including: 1) data 
quality and use of data to be introduced as permanent agenda item 
in Health Management teams at district and regional level; 2) develop 
guidelines on data quality and use; and 3) supporting CHMTs to conduct 
regular, comprehensive and effective supportive supervision and, including 
data quality assessments. HMIS that produce complete, timely, reliable, 
and valid data are needed by national malaria control programs to monitor 
malaria burden and intervention coverage at national and sub-national 

levels to inform evidence-based programmatic decisions. The challenges 
appear to be behavioral and organizational, relating to how staff value 
and use data in their everyday work.

1906
SEASONAL MALARIA CHEMOPREVENTION, THREE YEARS OF 
IMPLEMENTATION

Estrella Lasry1, Matthew Coldiron2, Alena Koscalova3, Francesco 
Grandesso2, Paul Milligan4, Ma Angeles Lima5, Jorgen Stassjins6, 
Esther Sterk3, Greg Elder7, Martin de Smet6

1Medecins Sans Frontieres/Doctors Without Borders, New York, NY, 
United States, 2Epicentre, Paris, France, 3Medecins Sans Frontieres/Doctors 
Without Borders, Geneva, Switzerland, 4London School of Hygiene & 
Tropical Medicine, London, United Kingdom, 5Medecins Sans Frontieres/
Doctors Without Borders, Barcelona, Spain, 6Medecins Sans Frontieres/
Doctors Without Borders, Brussels, Belgium, 7Medecins Sans Frontieres/
Doctors Without Borders, Paris, France

In 2012, Médecins Sans Frontières (MSF) started implementing seasonal 
malaria chemoprevention (SMC), following WHO recommendation for 
children in areas with high seasonal transmission using sulphadoxine-
pyrimethamine and amodiaquine. MSF works in southern Mali, Chad and 
Niger where children suffer 2-3 episodes of malaria/year and where the 
malaria season is accompanied by a malnutrition peak causing an increase 
in admissions. SMC started in 2012 in MSF projects in Mali and Chad, 
and in 2013 in Niger. Monthly contacts with families at SMC delivery, 
give opportunities to provide other health interventions. In 2013 SMC 
was combined with screening for malnutrition, and in 2014, in Chad, 
with Pentavalent vaccination for children under 2. In Niger we included 
SMC in a preventive package (PP) which includes nutrition screening 
and prevention and EPI. Programs were evaluated through surveys to 
determine coverage, adherence and acceptability of SMC. We assessed 
the impact of the programs on incidence of simple and severe malaria, 
hospital mortality, all-cause hospitalizations and admissions with severe 
malarial anaemia, using program data. Estimates of SMC efficacy were 
made from the proportion of malaria cases who had received SMC and 
SMC coverage, using the screening method. Side-effects where monitored 
through re-inforced national pharmacovigilance systems. The prevalence 
of molecular markers of resistance to SMC drugs was assessed through 
surveys before and after SMC implementation. There has been a high 
level of acceptability of SMC in the communities. Monthly coverage of 
SMC exceeded 85% in rural areas but was lower in an urban area. When 
combined with a PP and delivered at the health center, coverage was 
similar to SMC alone. Pentavalent vaccine coverage increaased when 
combined with SMC in Chad. SMC led to substantial reductions of both 
simple and severe malaria cases in Mali, Chad and Niger. We observed 
a reduction in cases of severe malarial anaemia, but no reduction in the 
number of cases of cerebral malaria. Integration with other interventions is 
feasible and can prevent missed opportunities in the child health package.

1907
MALARIA INDICATORS IN THE DEMOCRATIC REPUBLIC OF 
THE CONGO, 2014

Filiberto Hernandez
Centers for Disease Control and Prevention, Atlanta, GA, United States

Malaria continues to be a major health problem in DRC, accounting for an 
estimated 40% of outpatient visits by children under five and 19% of the 
overall mortality in the same age group. The implementation of large scale 
malaria interventions in the country continues to face serious challenges. 
The USG funding for malaria activities in the Democratic Republic of 
Congo (DRC) has increased from $18 million in FY 2010, to 50 million in 
FY 2014, a substantial increase which has allowed the DRC to obtain the 
successful results seen in the last Demographic and Health Survey (2013). 
Results have shown: a) the increase in the use of mosquito nets by children 
under five, from 38% to 56%; b) the increase in their use by pregnant 
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women, from 43% to 60%; and c) the malaria prevalence in children 
under five, with a rate of 30.8% obtained by RTDs, and 22.6% obtained 
through microscopy tests. The aim of this study is to review malaria cases 
throughout ten years, and describe the different malaria interventions 
carried out during those same years and their impact. The NMCP is 
reviewing this data to define its new country malaria strategy 2015-2020. 
Additionally, data will be presented from the 5 provinces supported by 
PMI to show the impact of five years of interventions in those provinces. 
The US President’s Malaria Initiative in the Democratic Republic of Congo 
has been supporting the majority of interventions in five provinces, and 
together, with the support of the Global Fund, the World Bank, and the 
Department for International Development of the British Government 
(DFID), the coverage of the country has reached all the health zones, even 
those with very difficult access.

1908
DEVELOPMENT OF EFFECTOR MOLECULES TO 
BLOCK LEISHMANIA TRANSMISSION UTILIZING THE 
PARATRANSGENIC APPROACH

Ivy Hurwitz, Annabeth Fieck, Ravi Durvasula
University of New Mexico, Albuquerque, NM, United States

Leishmaniasis is a neglected tropical disease that affects 13 million people 
worldwide. This disease is caused by the protozoan parasite Leishmania, 
and is transmitted by the bite of an infected female phlebotomine sand 
fly. Our laboratory utilizes the paratransgenic approach to control parasite 
transmission by host vectors. In this approach, symbiotic or commensal 
bacteria residing within the gut of the vector are genetically modified 
to express molecules that target the parasite. In previous work, we 
had reported on the toxicity of honey bee melittin against Leishmania 
spp. Leishmaniacidal activities of human histones H2A and H2B has 
been shown by others. In this study, we are examining the combined 
toxicity of these two antimicrobial peptides (AMP’s) on Leishmania 
major promastigotes in an effort to develop a broader panel of effector 
molecules for use in the paratransgenic strategy. In experiments measuring 
live/dead ratios of cultured promastigotes by flow cytometry and 
fluorescent plate assays, the IC100 for melittin and H2B are observed at 
5 uM and 7 uM, respectively. Synergistic toxicity is observed when the 
AMP’s are used in combination treatments, decreasing the calculated 
IC100 values by more than half. There results were further verified by 
con-focal microscopy. Similar experiments are underway to characterize 
the activity of these two AMP’s against other strains of Leishmania as 
well as Trypanosoma cruzi, the causative agent of Chagas disease. The 
addition of a second AMP to paratransgenic systems that result in more 
efficient parasite killing has multiple advantages. Specifically, it decreases 
the absolute expression levels required from the transformed commensal 
bacteria within the gut of the sand fly. Additionally, the use of multiple 
AMP’s drastically reduces the incidence of acquired resistance by the 
parasite

1909
EVOLUTIONARY COMPARISON OF THE GENOME OF 
LEISHMANIA DONOVANI CLINICAL ISOLATES FROM INDIA 
WITH ITS ANCESTOR LEPTOMONAS

Neeloo Singh1, Surendra Chikara2

1CSIR Central Drug Research Institute, Lucknow, India, 2Xcelris Genomics, 
Ahmedabad, India

Flagellates of the family Trypanosomatidae fall into two natural groups. 
The ancestral genera is Leptomonas which is confined to invertebrates, 
the more evolved genera is Leishmania which uses both vertebrate 
and invertebrate hosts. Utilizing next generation sequencing technology 
we explore the genomes of the two clinical isolates, Leishmania and 
Leptomonas to answer a wide range of evolutionary and pathological 
questions. We find that the genome of Leishmania donovani was similar 
to size and coding capacity with other Leishmania genomes. However, 

genome of Leptomonas is much smaller but contains in contrast more 
protein coding genes. It was seen that this genome expansion is mostly 
due to larger number of repetitive sequences and analysis of SNPs showed 
that the core genome was more variable in this isolate. Aneuploidy 
indicated there is significant opportunity for generation of SNPs that 
may have many applications in molecular epidemiology. Transposable 
elements (TEs) provided a source of genetic variation in Leptomonas. 
Variation in the Ras protein superfamily between Leishmania donovani 
and Leptomonas was observed. Absence of urea cycle in Leptomonas 
was found to be an ancestral feature. Our whole-genome sequence 
data reveals genetic structural differences between Leishmania and 
it’s ancestral species Leptomonas, which cannot be identified by using 
multilocus typing alone. Our research finding has immense potential for 
creating renewed impact of the parasite genome on biomedical research, 
contributing to a paradigm shift in research activities that will lead to new 
diagnosis and treatment.

1910
ELECTRONIC VOLUMETRIC ASSESSMENT DURING SODIUM 
STIBOGLUCONATE THERAPY IN PATIENTS WITH CUTANEOUS 
LEISHMANIASIS: A PROMISING TECHNIQUE USING DIGITAL 
3D MODELS

Braulio M. Valencia1, Fernando Zvietcovich2, Roberto J. 
Lavarello2, Andrea K. Boggild3, Benjamin Castañeda2, Alejandro 
Llanos-Cuentas1

1Institute of Tropical Medicine Alexander von Humboldt, Lima, Peru, 
2Pontificia Universidad Católica del Peru, Lima, Peru, 3University of Toronto, 
Toronto, ON, Canada

Cutaneous Leishmaniasis (CL) is susceptible to bias and subjectivity during 
assessment of treatment response and follow-up. As a part of standard 
of care, methods to estimate the extent of lesions are usually performed 
through manual or visual methods which are non-uniform and difficult to 
standardize in low-income settings. This work shows a novel, non-invasive 
method to obtain metrics of depth and volume by creating digital models 
of CL lesions. Digital models of CL lesions were created by acquisition 
of point-clouds with a commercial 3D scanner. The data were exported 
using the .XYZ file format that provided the point coordinates to recreate 
3D mesh models. After IRB approval, patients with CL were enrolled, and 
lesions were digitalized: twenty-six before treatment, and 8 at the end of 
treatment. Two volumes were considered from each lesion: inflammatory 
volume (IV, a volume between an imaginary line following normal skin 
surface and an imaginary surface located at the top of raised edges) and 
an ulcerative volume (UV, a volume between an imaginary line following 
normal skin surface and the deepest point of the ulcer). Three metrics (in 
mm3) and one coefficient were obtained for each lesion: global volume 
(GV: IV+UV), IV, UV, and the volume coefficient (VC: IV/UV proportion). 
Mean duration of disease was 2.2 ± 0.89 months. 12 of 26 (46%) 
were classified as ulcer-predominant (if UV was higher than IV), and 14 
(54%) as inflammatory-predominant (if IV was higher than UV). Median 
metrics at baseline evaluation were: 221.6 for GV, 143.14 for IV, 36.6 
for UV, and 1.66 for VC. According treatment outcome, there were no 
significant differences in these metrics at baseline evaluation. In patients 
with volumetric evaluations after treatment, GV was higher in those 
classified as treatment failure compared to those classified as cured after 
1-3 months of follow-up (2218.5 vs. 224, p=0.04). As a proof of concept, 
this study represents initial evidence to support the utility of electronic 
volumetric assessment of treatment response and follow-up of CL, with 
future possible extension to other transmissible and non-transmissible 
dermal diseases.
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1911
THE DILEMMAS OF CONGENITAL CHAGAS DISEASE 
SCREENING IN AN ENDEMIC SETTING

Louisa A. Messenger1, Gerson Galdos-Cardenas2, Victoria 
R. Rendell3, Malasa Jois4, Vishal Shah5, Edward Valencia6, Leny 
Sanchez6, Janet Acosta6, Manuela Verastegui6, Herado Sanchez6, 
Remo Gonza6, Robert H. Gilman2, Caryn Bern7

1London School of Hygiene & Tropical Medicine, London, United Kingdom, 
2Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United 
States, 3Duke University, Durham, NC, United States, 4Brown University, 
Providence, RI, United States, 5St. Louis University School of Medicine, St. 
Louis, MO, United States, 6Universidad Peruana Cayetano Heredia, Lima, 
Peru, 7University of California San Francisco, San Francisco, CA, United 
States

Concomitant with successful trans-national disease control programs 
across Latin America, Chagas disease has shifted from a neglected, 
endemic parasitic infection of the rural poor to an urbanized chronic 
disease and now a potentially emergent global health problem. Congenital 
transmission has become proportionately more important, estimated to 
account for 22% of new Trypanosoma cruzi infections in 2015. Treatment 
during infancy is significantly more efficacious and better tolerated than 
later, but current diagnostic methods, even when optimally executed, fail 
to detect over half of infected neonates and <20% of infants complete 
9-months of follow-up. We recruited pregnant women presenting for 
delivery in two urban hospitals in Santa Cruz department, Bolivia and 
monitored infants of infected women at birth, 1, 6 and 9 months to 
evaluate the performance of quantitative PCR (qPCR), IgM Western 
blots (using trypomastigote excreted-secreted antigen; TESA-blots) and 
micromethod (microscopic observation of trypomastigotes) for newborn 
screening for congenital Chagas disease. Of 518 at-risk infants from 507 
seropositive women, unequivocal congenital transmission was identified 
in 32 infants of 29 mothers, including 3 sets of concordantly infected 
twins (5.7% transmission rate); 6 additional neonates were diagnosed 
at 6 months or later and vectorial or intrapartum transmission could not 
be excluded. In cord blood, qPCR, TESA-blot and micromethod displayed 
sensitivity/specificity of 82.8%/97.3% (median of 7143.6 parasites/
ml; interquartile range of 5.0-187788.9 parasites/ml), 71.4%/99.5% 
and 20.7%/100%, respectively. When birth and 1 month results were 
combined, cumulative sensitivity reached 96.9%, 89.7% and 38.7% for 
qPCR, TESA-blot and micromethod, respectively. qPCR has the potential to 
facilitate earlier diagnosis and circumvent loss to follow-up. We critically 
discuss the technical, logistical and economic obstacles of implementing 
routine molecular screening for congenital Chagas disease in resource-
limited settings and describe the future prospects for improvement.

1912
GALECTIN 3 IS ASSOCIATED WITH THE MORE SEVERE FORM 
OF CHAGAS CARDIOMYOPATHY

Fabio Fernandes1, Carlos H. Moreira2, Léa C. Oliveira3, Marcela 
Souza4, Charles Mady1, Barbara M. Ianni1, Erika Manuli4, Ester C. 
Sabino4

1Heart Institute, Hospital das Clínicas de São Paulo, School of Medicine, 
University of São Paulo, São Paulo, Brazil, 2Institute of Infectology Emilio 
Ribas; Laboratory of Parasitology (LIM46), Tropical Medicine Institute 
of São Paulo, University of São Paulo, São Paulo, Brazil, 3Laboratory of 
Medicine Laboratorial (LIM03), Hospital das Clínicas de São Paulo, School 
of Medicine, University of São Paulo, São Paulo, Brazil, 4Laboratory of 
Parasitology (LIM46), Tropical Medicine Institute of São Paulo, University of 
São Paulo, São Paulo, Brazil

Chagas Chronic Cardiomyopathy (CC) is characterized by a diffuse 
myocarditis with intense myocardial remodeling, fibrosis, cardiomyocyte 
hypertrophy and damage. Gal-3 is involved into two pathophysiological 
mechanisms (fibrosis and inflammation), hence GAL-3 levels maybe a 
good biomarker to stratify Chagas Disease patients and identify those who 

could benefit from early treatment strategies. The objective of this study 
was to evaluate if Gal-3 level in plasma is associate with the development 
of the severe form of CC and prognosis. We have used samples collected 
in a previous retrospective cohort that enrolled T cruzi seropositive, and 
seronegative blood donors (BD) in São Paulo and Montes Claros, Brazil. 
This cohort was supplemented with CC patients from a tertiary hospital 
(Heart Institute). All subjects underwent a health clinical evaluation, ECG, 
and echocardiogram (Echo). ECG and Echo were reviewed blindly by 
centralized reading centers. The subjects were classified as with or without 
signs of CC by a blinded panel of 3 cardiologists. Gal-3 (VIDAS® galectin 3 
France - bioMerieux Inc.) was available to test 441 samples: 101 negative 
controls, 190 BD without CC, 60 BD with CC, and 90 patients with CC. 
The median level of GAL-3 was 13.1ng/mL for negative controls, 12.ng/mL 
for BD without CC, 13.1ng/mL for BD and 15.4ng/mL for CC patients. The 
proportion of individuals with Gal-3 level > 17.8 was significantly higher 
(p<0.0001) among the CC patients (37.8%) as compared to negative 
controls (14.8%), BD without CC(11.1%) and BD with CC (16.7%). 
Ejection fraction <50 was also associated with higher levels of Gal3 
(p=0.0001). The Gal3 showed correlation with lCAM-1, MPO, PAI-1, CRP, 
IL6, TNFα, IL8, VEGF, Troponin and NT-proBNP, with p values <0,01. Follow 
up date on mortality was available for the CC patients. In this group, we 
could detect an association of Gal-3 level and subsequent death in the 
follow up 5 years. (p=0.0004). In conclusion, our data suggest that Gal-3 
is associated with the more severe form of CC and risk of death.

1913
A FIELD-APPLICABLE MOLECULAR TOOL TO DIAGNOSE 
AMERICAN CUTANEOUS LEISHMANIASIS

Bruno L. Travi1, Omar A. Saldarriaga1, Alejandro Castellanos1, 
Gerald C. Baldeviano2, Maxy De los Santos2, Peter C. Melby1, 
Andres G. Lescano2

1University of Texas Medical Branch, Galveston, TX, United States, 2US 
Naval Medical Research Unit - 6, Lima, Peru

Dermal and mucosal leishmaniasis is widely distributed in Central and 
South America affecting an estimated 190,000- 300,000 people annually. 
Microscopy is the most common diagnostic method used in endemic 
regions but its sensitivity is low (≤70%) and tends to decrease further with 
disease chronicity. Serology is variable and does not distinguish between 
current and past infections. Conventional or quantitative PCR from 
dermal or mucosal samples have high sensitivity (≈87-98%) and specificity 
(≥87%) but require expensive equipment, trained personnel and lab 
facilities beyond the possibilities of resource-limited health infrastructure 
of endemic areas. We developed a novel point of care molecular test to 
diagnose dermal and mucosal leishmaniasis produced by Leishmania 
Viannia spp., which are responsible for the majority of cases. We designed 
primers and probes that targeted the kinetoplast DNA minicircles. 
Leishmania DNA was extracted using the Qiagen® kit and detected by 
isothermal Recombinase Polymerase Amplification coupled with a lateral 
flow immunochromatographic strip (RPA-LF). The test has sensitivity 
similar to real time PCR (gold standard) detecting as few as 0.1 parasites 
per reaction. It does not require expensive equipment and the results 
are read with the naked eye in < 1 hour. The RPA-LF specificity for the L. 
Viannia subgenus was confirmed by the amplification of L. braziliensis, 
L. panamensis, L. guyanensis, L. peruviana and L. lainsoni. There 
was no cross amplification with L. chagasi, L. major, L. mexicana, L. 
amazonensis or T. cruzi. Preliminary data indicated that RPA-LF has an 
excellent agreement with PCR as determined in patient samples from 
endemic areas of Peru. We are evaluating additional primer sets capable 
of amplifying the Leishmania subgenus with the goal of developing an 
RPA- multiplex lateral flow test that encompasses all species that produce 
cutaneous leishmaniasis. This novel method could fill the need for a field 
applicable diagnostic tool critical to cutaneous and mucosal leishmaniasis 
management and control.
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1914
ACTIVATION OF BICYCLIC NITRO DRUGS BY A NOVEL 
NITROREDUCTASE (NTR2) IN LEISHMANIA

Susan Wyllie, Adam Roberts, Suzanne Norval, Stephen 
Patterson, Alan Fairlamb
University of Dundee, Dundee, United Kingdom

The novel nitroimidazopyran agent, (S)-PA-824, has potent antibacterial 
activity against Mycobacterium tuberculosis in vitro and in vivo and 
is currently in Phase II clinical trials for TB. In contrast to M. tuberculosis, 
where the (R) enantiomer is inactive, our previous studies demonstrated 
that (R)-PA-824 shows potent cidal acitivity against Leishmania 
donovani, the causative agent of visceral leishmaniasis (VL). In the 
murine model of VL, (R)-PA-824 led to >99% suppression of parasite 
burden when administered orally at 100 mg kg-1, twice daily for 5 days. 
Defining the mechanism of action of this promising anti-leishmanial has 
now become the focus of our current studies. In general, nitro drugs are 
believed to function as pro drugs requiring enzyme mediated reduction 
before becoming cytotoxic. In trypanosomatids, a type I nitroreductase 
(NTR) has been demonstrated as catalysing the bio-activation of the 
bicyclic nitro drugs nifurtimox, benznidazole and fexinidazole. However, 
transgenic L. donovani promastigotes overexpressing L. major NTR 
do not show an increased sensitivity to (R)-PA-824 suggesting that this 
nitroimidazopyran is not activated by NTR. (R)-des-nitro-PA-824 is inactive 
against L. donovani in vitro, confirming that the nitro group is important 
for the anti-leishmanial activity of PA-824. Thus, if the mechanism of 
action of PA-824 does involve bio-activation, then this putative reduction 
is mediated by an as-yet unidentified enzyme(s). Here, we describe our 
use of genome-wide sequencing, proteomics and genetic approaches to 
identify NTR2, a novel nitroreductase involved in the bio-activation of (R)-
PA-824 and several other bicyclic nitro drugs.

1915
METABOLIC REGULATION OF MACROPHAGE FATE: THE ROLE 
OF MTORC2 SIGNALING IN ALTERNATIVELY ACTIVATED 
MACROPHAGES

Stanley Ching-Cheng Huang, Amber M. Smith, Bart Everts, 
Erika L. Pearce, Joel D. Schilling, Edward J. Pearce
Washington University School of Medicine, Department of Pathology and 
Immunology, St. Louis, MO, United States

The mammalian target of rapamycin complexes, mTORC1 and mTORC2 
have emerged as important regulators of environmental cues for 
development of immune cells. mTORC1, the most well studied mTOR 
complex whose activity is highly responsive to changes in cellular glucose 
and amino acid levels. Intriguingly, however, it has been shown that the 
constitutive activation of mTORC1 negatively regulates the alternative 
(M2) macrophage activation. In contrast, it is still unknown that the 
role of mTORC2 in macrophage activation. Here we report that myeloid 
lineage specific deletion of Rictor, a critical adaptor protein of mTORC2 
in macrophages, they failed to fully become M2 macrophages during the 
Heligmosomoides polygyrus infection and have protective immunity to 
the parasite. Also, importantly, we observed that level of IRF4 expression 
and glycolytic/mitochondrial metabolism was markedly decreased from 
Rictor-deficient M2 cells during the infection. Since IRF4 is required 
for aerobic glycolysis and development of CD8 T cells, we found that 
expression of IRF4 was elevated in IL-4 stimulated macrophages, and 
conditional IRF4 deletion in macrophages affected neither mTORC2 activity 
nor the phosphorylation of Stat6, but led to a significant reduction of 
glucose metabolism and polarization of M2 macrophages. Taken together, 
our finding suggests that mTORC2-IRF4 signaling links to metabolic 
reprogramming and activation of macrophages.

1916
EXPORTED EPOXIDE HYDROLASES MODULATE 
ERYTHROCYTE SIGNALLING LIPIDS DURING PLASMODIUM 
FALCIPARUM INFECTION

Natalie J. Spillman, Daniel E. Goldberg
Department of Internal Medicine (Infectious Diseases), Washington 
University School of Medicine, St. Louis, MO, United States

Erythrocytes are storage reservoirs for epoxide-containing lipid signalling 
molecules, including epoxyeicosatrienoic acids (EETs) and epoxy​
octadecenoic acids (EpOMEs). EETs/EpOMEs function as vasodilators 
and anti-inflammatory modulators in the blood stream. These bioactive 
epoxides are hydrolysed by epoxide hydrolases, converting them into less 
active diols. We have identified and characterized two epoxide hydrolases 
(EH) of Plasmodium falciparum, PfEH1 and PfEH2. Both proteins 
are exported to the periphery of infected erythrocytes. Recombinantly 
expressed PfEH1 can hydrolyze a non-physiological reporter epoxide, and 
both enzymes convert several EET regioisomers to the corresponding 
diols. Overexpression of PfEH1 or PfEH2 in parasites results in a significant 
alteration in the epoxide fatty acids stored in the infected erythrocyte 
phospholipids. Although we were able to knock out PfEH1 and 2 in vitro, 
we propose they may have an increased importance in vivo. P. berghei 
ANKA has no predicted exported EHs, but chemical inhibition of the 
host EH enzyme reduced the percentage of mice that developed severe, 
cerebral malaria, without reducing parasitemia. We hypothesize that the 
parasite disruption of EETs/EpOMEs leads to perturbed vascular function, 
and favorable conditions for binding and sequestration of infected 
erythrocytes to the microvascular endothelium.

1917
A PLASMODIUM SPECIFIC KINASE IS AN ESSENTIAL S PHASE 
PROMOTING FACTOR DURING BLOOD-STAGE SCHIZOGONY

Markus Ganter1, Jonathan M. Goldberg1, Jeffrey D. Dvorin2, Joao 
A. Paulo3, Jonas King4, Aditya S. Paul1, Isabelle Coppens4, Rays 
H. Jiang5, Jing Yang1, David A. Baker6, Steven P. Gygi3, Rhoel R. 
Dinglasan4, Manoj T. Duraisingh1

1Harvard T.H. Chan School of Public Health, Boston, MA, United States, 
2Boston Children’s Hospital, Boston, MA, United States, 3Harvard Medical 
School, Boston, MA, United States, 4Johns Hopkins Malaria Research 
Institute, Baltimore, MD, United States, 5University of South Florida, 
Tampa, FL, United States, 6London School of Hygiene & Tropical Medicine, 
London, United Kingdom

Like invasion and host cell remodeling, Plasmodium schizogony is a 
parasite specific process, offering an attractive route for intervention. 
During schizogony a multinucleated cell is formed after which daughter 
parasites bud off the mother cell. In search of potential new drug targets, 
we assessed all schizont-stage kinases for their essentiality in Plasmodium 
falciparum, employing the inducible destabilization domain system in 
a loss-of-function knockdown screen. We identified the P. falciparum 
cdc2-related protein kinase (CRK) 4 as essential for proliferation in the 
blood-stage and for transmission to anopheline mosquitoes. Knockdown 
of P. falciparum CRK4 led to a complete block of DNA replication at the 
onset of schizogony. Organellar development, however, was not impaired 
in mutant parasites. This suggests that the regulation of nuclear and 
organellar development is independent. By quantitative phosphoproteomic 
profiling, we identified key effects for P. falciparum CRK4 on pathways 
that co-ordinate cell cycle events including the initiation of DNA 
replication, histone modifications, and regulation of gene transcription. P. 
falciparum CRK4 was also found to be required for subsequent rounds of 
DNA replication, which characterize schizogony. Together our data indicate 
that chemotherapeutic targeting of P. falciparum CRK4 would be possible 
throughout schizogony, which in addition to blocking transmission, are 
attractive features for drug development.
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1918
SCHISTOSOMA MANSONI INFECTION INDUCES ANTI-
ATHEROGENIC TRANSCRIPTIONAL CHANGES IN HEPATIC 
MACROPHAGES

Keke C. Fairfax1, Andrew Elvington3, Andrew Ready2, Edward J. 
Pearce3, Gwendalyn J. Randolph3

1Purdue University, West Lafayette, IN, United States, 2Washington 
University, St. Louis, MO, United States

Hepatic macrophages play an essential role in the granulomatous response 
to infection with the parasitic helminth Schistosoma Mansoni, but 
the transcriptional changes that underlie this participation are poorly 
understood. To explore this, we sorted the two previously recognized 
hepatic macrophage populations (perivascular and Kupffer) from naïve 
and S. mansoni infected mice and performed microarray analysis as part 
of the Immunological Genome Project. Consistent with the pattern of 
great diversity identified in other organ macrophages, the two hepatic 
macrophage populations displayed signatures distinct from all other 
macrophages, with the two populations exhibiting remarkable differences 
between them. However, this diversity was greatly reduced following 
infection with S. mansoni, and in fact, many of the transcripts identified 
as uniquely perivascular or Kupffer cell specific were lost following 
infection, raising the possibility that both populations may be replenished 
by monocytes following infection. Our analysis showed a profound 
alteration in phospholipid and cholesterol metabolic pathways, including 
prostaglandin signaling, in addition to alterations in M2 markers. These 
changes suggested a possible mechanism for the previously reported 
atheroprotective effects of S. mansoni infection. Indeed we find that 
ApoE null mice fed a high fat diet in combination with S. mansoni 
infection have reduced body mass and increased glucose tolerance in 
addition to reduced plaque area as compared to control mice.

1919
A GENOME-WIDE CRISPR/CAS9 SCREEN REVEALS GENES 
THAT ARE CRITICAL FOR TOXOPLASMA GONDII GROWTH IN 
HUMAN FIBROBLASTS

Diego Huet, Saima Sidik, Sebastian Lourido
Whitehead Institute for Biomedical Research, Cambridge, MA, United 
States

Despite recent advances in apicomplexan genetics, the available tools have 
remained low-throughput. Although RNAi can be used to elucidate gene 
function in Trypanosoma brucei, differences in the underlying machinery 
have precluded its use in apicomplexans. Recently, we and others used 
CRISPR/Cas9 to generate double-stranded DNA breaks and efficiently 
induce precise mutations in Toxoplasma. We have now used CRISPR/Cas9 
to perform pooled genetic screens. By transfecting a Toxoplasma strain 
that constitutively expresses Cas9 with a library comprised of ten different 
sgRNAs against each gene, we mutated every gene in the Toxoplasma 
genome, in multiple ways, in seven days. Quantifying the fold-change in 
abundance of each sgRNA over the course of this experiment using next-
generation sequencing allowed us to identify genes that contribute to the 
fitness of Toxoplasma when grown in human fibroblasts. The power of 
having ten independent mutations per gene allowed us to identify a set 
of genes that we can confidently say are critical under these conditions. In 
a CRISPR/Cas9 screen performed in the presence of a toxic uracil analog, 
sgRNAs against a component of the uracil scavenging pathway were 
enriched by approximately 1000-fold, demonstrating that our platform 
yields expected results and holds potential for identifying mechanisms 
of drug resistance. These results give us insight into Toxoplasma’s large 
set of uncharacterized genes on an unprecedented scale. Our work 
now focuses on characterizing a set of 58 hypothetical genes that are 
conserved within Apicomplexa and confer significant fitness defects when 
mutated.

1920
GENETIC MODIFICATION OF THE DIARRHEAL PATHOGEN 
CRYPTOSPORIDIUM PARVUM

Sumiti Vinayak, Mattie C. Pawlowic, Adam Sateriale, Carrie F. 
Brooks, Caleb J. Studstill, Yael Bar-Peled, Michael Cipriano, Boris 
Striepen
Center for Tropical and Emerging Global Diseases, University of Georgia, 
Athens, GA, United States

Cryptosporidium is the second most important pathogen after rotavirus 
to cause diarrhea in young children. Cryptosporidium is also an 
opportunistic pathogen and causes severe disease in HIV/AIDS patients and 
organ transplant recipients. Currently, there are no fully effective drugs 
or vaccines to treat or prevent cryptosporidiosis. The main roadblock in 
the development of drugs and vaccines is the overall poor tractability of 
Cryptosporidium due to lack of continuous culture system, poor animal 
models, and lack of genetic tools. We report here a robust approach to 
genetically modify this important human pathogen. We demonstrate the 
transfection of Cryptosporidium parvum sporozoites in tissue culture 
and optimization of regulatory sequences and electroporation conditions 
to drive expression of a luciferase reporter gene. We developed a mouse 
model for C. parvum infection to inject electroporated sporozoites directly 
into the small intestine of IFN-γ knockout mice. We used the CRISPR/
Cas9 system to knockout the parasite’s thymidine kinase (tk) gene and 
replaced it with a cassette expressing the luciferase reporter fused to a 
neomycin resistance gene that conferred paromomycin resistance in vivo. 
Quantitative PCR and luminescence measurements were used to monitor 
infection in mice, and development of paromomycin-resistant transgenic 
parasites. We confirmed loss of tk gene in the stable transgenics, and 
evaluated the use of transgenic oocysts for performing drug assays. Using 
this powerful approach, we have generated stable transgenic parasite lines 
that express other reporters such as fluorescent protein and red-shifted 
luciferase. We used the red-shifted luciferase transgenic to monitor and 
quantify the real-time dynamics of C. parvum infection in mice using 
in vivo bioluminescence imaging. Ongoing efforts are directed towards 
testing the efficacy of potential anti-cryptosporidial compounds in mice 
using this transgenic parasite. Our ability to genetically engineer C. 
parvum will help to answer key questions related to parasite biology and 
accelerate the development of novel therapeutics for disease intervention.

1921
TRYPANOSOMA BRUCEI INFECTION ACCELERATES THE 
MOUSE CIRCADIAN CLOCK

Filipa Rijo-Ferreira1, Joseph S. Takahashi2, Luisa M. Figueiredo1

1Instituto de Medicina Molecular, Biology of Parasitism Lab, Lisbon, 
Portugal, 2UT Southwestern, Department of Neuroscience, Howard 
Hughes Medical Institute, Dallas, TX, United States

By living in a 24-hour world, organisms are subjected to daily 
environmental changes. Many organisms have evolved molecular 
mechanisms to anticipate such changes. In humans, the internal circadian 
clock regulates many physiological functions, including sleep/wake cycle 
and metabolism. Although the internal clock is controlled by the brain, 
all cells have an intrinsic clock. Patients with sleeping sickness show 
alterations of sleep/wake cycle, body temperature and endocrine secretion, 
which have led to the hypothesis that sleeping sickness may be a circadian 
rhythm disorder. We first infected mice with T. brucei and we recorded 
the circadian behavior using a running-wheel assay. We observed that 
infected animals run 2-fold less during the active phase and are 7-fold 
more active in the rest phase than healthy mice, confirming the changes 
in circadian behavior observed in patients. When we infected circadian 
reporter mice and measured the circadian parameters of several organs 
ex vivo, we observed that, although all organs have a robust circadian 
rhythm, those with higher parasite load have an internal clock that 
runs two hours faster than non-infected organs. These alterations were 
reproduced in vitro, when parasites were directly co-cultured with isolated 
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fibroblasts, suggesting that parasites may have a direct effect on the host 
cell circadian clock. Finally we observed that expression of clock genes in 
vivo is significantly affected in peripheral tissues, especially in those with 
the highest parasite load. These results show that (i) T. brucei mouse 
infection reproduces circadian behavior changes observed in humans; (ii) T. 
brucei infection accelerates the mouse circadian rhythm by two hours; (iii) 
this effect may be partly caused by a direct interaction with the parasite.

1922
THE INOSITOL PHOSPHATE PATHWAY CONTROLS 
TRANSCRIPTION OF TELOMERIC EXPRESSION SITES IN 
TRYPANOSOMES

Igor Cestari, Kenneth Stuart
Center for Infectious Disease Research, Seattle, WA, United States

African trypanosomes evade host antibody clearance by periodically 
changing their variant surface glycoprotein (VSG) coat. They transcribe 
only one VSG gene at a time from one of about 20 telomeric expression 
sites (ESs), and they undergo antigenic variation either by switching 
transcription between telomeric ESs or by recombination of the VSG gene 
expressed. We found that the inositol phosphate/phosphatidylinositol 
(IP) pathway controls both transcription of telomeric ESs and VSG 
antigenic switching in Trypanosoma brucei. Conditional knockdown of 
phosphatidylinositol 5-kinase (PIP5K), phosphatidylinositol 5-phosphatase 
(PIP5Pase) or overexpression of phospholipase C (PLC) derepresses 
numerous silent telomeric ESs in T. brucei bloodstream forms. This 
derepression is specific to telomeric ESs and coincides with an increase in 
the number of telomeric and RNA polymerase I foci that colocalize outside 
of the nucleolus. Monoallelic VSG transcription resumes after re-expression 
of PIP5K; however, most of the resultant cells switch the VSG gene 
expressed. PIP5K, PLC, their metabolic substrates and products localize to 
the plasma membrane, whereas PIP5Pase localizes in the nucleus proximal 
to telomeres. PIP5Pase associates with repressor/activator protein 1 (RAP1), 
and their telomeric silencing function is altered by PIP5K knockdown. The 
results show that the IP pathway controls ES transcription and antigenic 
switching in T. brucei by epigenetic regulation of telomere silencing, 
which likely involve a signal transduction process.

1923
EXPLORING UNKNOWN GENES IN MALARIA PARASITES BY A 
ROBUST GENE REGULATORY SYSTEM

Suresh Maddur Ganesan, Alejandra Falla, Sebastian Nasamu, 
Jacquin C. Niles
Massachusetts Institute of Technology, Cambridge, MA, United States

Malaria is a major health problem in tropical and subtropical countries. 
The most severe form of malaria is caused by the parasite, Plasmodium 
falciparum. A limited set of antimalarial drugs is used to treat the disease, 
but drug resistance is spreading at alarming rate. Hence, there is an urgent 
need for identification of novel anti-malarial drugs. A major challenge in 
new antimalarial drug development is identification and prioritization of 
potential targets for drug discovery. This is mainly due to lack of reliable 
functional genetics tools for investigating parasite genes. To address this 
need, we have developed a RNA-protein interaction system that facilitates 
robust and inducible regulation of target gene translation in eukaryotic 
organisms, including Plasmodium. Here, we present the application of 
protein engineering approaches to integrate our synthetic control system 
with native Plasmodium translational regulatory mechanisms. In so doing, 
we have achieved substantially increased regulatory dynamic ranges (up 
to 200-fold) compared to a 5-10 fold range of the original system. As 
a proof-of-concept, we have successfully used this system to generate 
parasite lines in which various proteins of interest can be knocked down 
to reveal clear growth phenotypes. In addition, we have successfully 
combined this approach with CRISPR/Cas9 genome editing technology to 
rapidly validate essential genes. We are currently applying these genetic 
tools to broadly study parasite genes of unknown function. Since ~60% 

of the encoded P. falciparum genes have no known homologs in other 
eukaryotes, we believe that understanding their functions will aid in 
identifying potential targets for novel antimalarial drug development.

1924
A NETWORK OF PROTEIN INTERACTIONS REQUIRED FOR 
TRAFFICKING OF PFEMP1 IN P. FALCIPARUM-INFECTED 
ERYTHROCYTES

Steven Batinovic1, Emma McHugh1, Aishwarya Kulkarni1, Joseph 
D. Smith2, Matthew W. Dixon1, Leann Tilley1

1Department of Biochemistry and Molecular Biology, Bio21 Institute, The 
University of Melbourne, Parkville, VIC, Australia, 2Center for Infectious 
Disease Research, Seattle, WA, United States

Plasmodium falciparum is the most virulent human malaria parasite. 
Parasites invade red blood cells (RBCs) and extensively modify the structure 
and morphology of their host cell - including the generation of virulence 
complexes on the surface of the erythrocyte. These complexes comprise 
of a collection of exported parasite proteins that assemble at knob-like 
structures under the surface of the erythrocyte membrane and allow 
infected RBCs to cytoadhere and sequester within the microvasculature of 
the host. One key parasite protein, P. falciparum Erythrocyte Membrane 
Protein-1 (PfEMP1), is largely responsible for this adhesion. It is becoming 
clear that PfEMP1 is trafficked with the aid of a complement of host and 
parasite-structures and compartments that are generated de novo during 
the approximate 48-hour lifecycle of the parasite inside its host RBC. 
In this work, we have made use of mini-PfEMP1 constructs to examine 
this complex export process. We have delineated discrete trafficking 
compartments that these virulence proteins associate with during export 
and used immunoprecipitation followed by mass spectrometry to identify 
the ‘interactome’ of virulence proteins in these compartments. Known 
and novel interacting-proteins were identified across multiple parasite 
and host compartments, consistent with our current knowledge of the 
PfEMP1 trafficking pathway. This includes parasite proteins localized to the 
parasite secretory pathway, parasitophorous vacuole (such as PTEX) and 
exported proteins found in the host RBC compartment. We also present 
the identification of a number of human chaperone-type proteins that 
may represent a mechanism for parasite recruitment of host factors in the 
export of parasite proteins such as PfEMP1. Using inducible knockdown 
systems we show that depletion of these identified proteins results in 
the reduction of PfEMP1 export to the surface of the RBC. Ultimately, 
understanding and targeting the export of parasite virulence proteins may 
ultimately allow us to ablate parasite virulence in vivo.

1925
PROGRAMMATIC USE OF MOLECULAR XENOMONITORING 
AT THE LEVEL OF EVALUATION UNITS TO ASSESS 
PERSISTENCE OF LYMPHATIC FILARIASIS IN SRI LANKA

Ramakrishna U. Rao1, Sandhya D. Samarasekera2, Kumara C. 
Nagodavithana2, Udaya S. Ranasinghe2, Manjula W. Punchihewa3, 
Ralph H. Henderson4, Gary J. Weil1
1Washington University School of Medicine, St. Louis, MO, United States, 
2Ministry of Health, Anti-Filariasis Campaign, Colombo, Sri Lanka, 3Ministry 
of Health, Regional Anti-Filariasis Unit, Galle, Sri Lanka, 4The Task Force for 
Global Health, Decatur, GA, United States

Sri Lanka’s Anti Filariasis Campaign (AFC) distributed 5 annual rounds 
of MDA with DEC plus Alb. to all LF endemic regions in the country 
from 2002-2006. Post-MDA surveillance has consistently documented 
microfilaremia rates <1% in all sentinel and spot check sites, and all 
implementation units easily satisfied WHO TAS targets in 2013. However, 
recent studies have shown that Sri Lanka has low level persistence of LF in 
some areas based on several criteria, especially molecular xenomonitoring 
(MX, detection of filarial DNA in mosquitoes). Some of the highest signals 
for persistence of LF were observed in sentinel sites in Galle district. The 
purpose of this study was to demonstrate the use of MX at the program 
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level and to field test different sampling methods. Galle district (population 
1.1 million) was divided into two evaluation units (EUs). These included a 
coastal EU with persistent LF and a low risk inland EU. Mosquitoes were 
systematically sampled from ~300 trap sites in 30 randomly selected 
clusters (lower health administrative units) per EU. Approximately 28,000 
blood fed, gravid or semigravid Culex quinquefasciatus mosquitoes were 
collected with CDC gravid traps, sorted into pools, and tested for filarial 
DNA by qPCR. 92/620 pools (14.8%) from the coastal EU and 8/583 pools 
(1.4%) from the inland EU were positive for filarial DNA. 16/30 clusters 
in the coastal EU had one or more positive pools compared to 3/30 in 
the inland EU. Maximum likelihood estimates (MLE) for filarial DNA rates 
calculated by Poolscreen2 were essentially the same when the same 
number of pools were collected and tested from 75, 150, or 300 trap 
sites. The range of filarial DNA rates calculated in the coastal EU with the 
different samples was 0.61-0.72%, and the range in the inland EU was 
0.04-0.06%. The ability to use a smaller number of trap sites reduces the 
cost and time required for mosquito sampling. The MX results suggest 
there is widespread, low-level persistence of LF in coastal Galle district 8 
years after the last round of MDA. This study has shown MX can be used 
by national programs to assess and map the persistence of LF at the level 
of large EUs in regions with Culex transmission.

1926
EPIDEMIOLOGICAL, CLINICAL, AND LABORATORY 
EVALUATION OF ONCHOCERCIASIS IN AN AREA OF HIGH 
PREVALENCE -TSHOPO PROJECT AREA, DEMOCRATIC 
REPUBLIC OF THE CONGO, 2014

Nana Wilson1, Paul T. Cantey2, Josias Likwela3, Karla Feeser4, 
Nestor Ndakala Gyamba5, Jacques Muzinga wa Muzinga5, 
Nicholas Ayebazibwe6, Yassa D. Ndjakani7, Naomi Awaca 
Pitchouna8, Dieudonné Mumba Ngoyi9, Antoinette K. Tshefu10, 
Vitaliano Cama1

1Division of Parasitic Diseases and Malaria and Epidemic Intelligence 
Service, Centers for Disease Control and Prevention, Atlanta, GA, United 
States, 2Division of Parasitic Diseases and Malaria, Centers for Disease 
Control and Prevention, Atlanta, GA, United States, 3Programme National 
de la Lutte contre l’Onchocercose, Kisangani, Democratic Republic of 
the Congo, 4Oak Ridge Institute for Science and Education, Oak Ridge, 
TN, United States, 5Field Epidemiology and Laboratory Training Program, 
Kinshasa, Democratic Republic of the Congo, 6African Field Epidemiology 
Network, Kampala, Uganda, 7Division of Global Health Protection, Centers 
for Disease Control and Prevention, Kinshasa, Democratic Republic of 
the Congo, 8Programme Nationale de la Lutte contre l’Onchocercose, 
Kinshasa, Democratic Republic of the Congo, 9Institut National de 
Recherche Biomédicale, Kinshasa, Congo, Democratic Republic of the, 
10Ecole de Santé Publique, Kinshasa, Democratic Republic of the Congo,

Onchocerciasis, a neglected parasitic disease caused by Onchocerca 
volvulus, affects at least 37 million people globally. Efforts to eliminate 
this disease are based on mass drug administration of ivermectin (IVM 
MDA). As part of a study to evaluate tools for measuring the impact 
of elimination efforts, we evaluated different diagnostic tests for O. 
volvulus. We performed convenience sampling in Tshopo Project area 
in the Democratic Republic of Congo, where there was a baseline 
nodule prevalence of 50-70%, and IVM MDA had been ongoing for 
1-5 years before the study. Risk factor and clinical data were collected 
for 500 people. Blood smears for Loa loa and Mansonella perstans, 
immunochromatographic card tests for lymphatic filariasis (LF), and skin 
snips for onchocerciasis were evaluated on-site. Plasma, serum, blood 
smears, dried blood spots, and preserved skin snips were sent to CDC-
Atlanta for further testing. Median participant age was 50 years (range: 
6-88 years); 193 (39%) were female. Past-year ivermectin use was 
reported by 60 (12%), though 117 (34%) reported having taken it at 
least once before. At least one nodule was present in 253 (51%) people, 
with a median of three (range 1-11) nodules. Onchocercal eye disease 
was present in five (1%) people; one (0.2%) had microfilaria (MF) in the 
anterior chamber of the eye. The skin snip was positive for O. volvulus in 

205 (41%) people. Among those with at least one positive snip, the mean 
MF load per snip, determined by averaging the number in both snips, was 
27.5 (range: 0.5-341.5). On-site tests for other filariae showed 273 (55%) 
people were infected with M. perstans, 108 (22%) with L. loa, and 25 
(5%) with LF. Six (1%) people were infected with all four filarial parasites, 
51 (10%) with three, and 135 (27%) with two. The OV-16 antibody test 
for O. volvulus was positive in 333 (67%) people. Additional laboratory 
testing is pending to define OV-16 test sensitivity and specificity in this 
setting. A better understanding of the performance of the OV-16 antibody 
test in the African context, particularly in the setting of co-endemic filarial 
infections, is needed to ensure proper usage by elimination programs.

1927
TOWARDS THE ELIMINATION OF LYMPHATIC FILARIASIS IN 
MALAWI: CESSATION OF MASS DRUG ADMINISTRATION 
NATIONWIDE AFTER TRANSMISSION ASSESSMENT SURVEYS

Square Mkwanda1, Bagrey Ngwira2, Brent Thomas3, Joan Fahy3, 
Maria Rebollo4, Louise Kelly-Hope3, Moses Bockarie3

1Ministry of Health, Lilongwe, Malawi, 2College of Medicine, Lilongwe, 
Malawi, 3Liverpool School of Tropical Medicine, Liverpool, United 
Kingdom, 4NTD Support Center, Task Force for Global Health, Atlanta, GA, 
United States

Malawi, a small land-locked country in south-eastern Africa was shown 
to be highly endemic for lymphatic filariasis (LF) when disease mapping 
at national scale was completed in 2008. LF is a debilitating mosquito-
borne parasitic infection that is endemic in 34 countries in Africa. Mapping 
delineated 26 LF endemic districts out of 28 and mass drug administration 
(MDA) to eliminate the disease started in 9 districts in 2008. In 2009, MDA 
was scaled up to 100% geographic coverage for the target population of 
13 million people at risk. Between 2008 and 2014, treatment coverage 
surpassed 80% for each MDA round. In 2014, after 6 consecutive rounds 
of MDA, Malawi met all the criteria to conduct transmission assessment 
surveys (TAS) to determine if transmission of LF has been interrupted. Pre-
TAS sentinel site surveys involving >300 parsons, five years or older, per 
site were conducted at 48 sites. None of the sentinel sites was shown to 
have a microfilaria (MF) prevalence rate of 1% or greater. In 2014, TAS 
was conducted in 11 evaluation units (EUs) following WHO guidelines and 
infection status determined using a point of care ICT method. The survey 
was conducted in 30 randomly selected schools per EU and altogether 
18,337 children, about 6 and 7 years old were enrolled from 330 schools. 
A total of 34 (0.19%) children from all 11 EUs were found to be ICT 
positive. The LF infection rate for each EU was below the critical cut-
off level suggesting that all EUs met the criteria to stop MDA. The NTD 
Regional Programme Review Group (RPRG) for the WHO African Region 
reviewed and approved the TAS results in 2015 indicating that MDA 
could be stopped in Malawi. However Malawi is endemic for two other 
debilitating neglected tropical diseases targeted with the same drugs as LF: 
onchocerciasis and soil transmitted helminthiasis. The endemicity status of 
these two diseases should be taken in to consideration before any decision 
to stop distribution of ivermectin and albendazole can be made. The RPRG 
report singled out Malawi for a special commendation as a success story. 
Stopping MDA in Malawi represents a big step forward for the global LF 
elimination programme as we approach the 2020 target.
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1928
SUCCESSFUL FINAL TRANSMISSION ASSESSMENT SURVEY 
FOR LYMPHATIC FILARIASIS USING ICT AND STRIP TEST SIX 
YEARS AFTER STOPPING MDA IN TOGO

Améyo M. Dorkenoo1, Rachel N. Bronzan2, Kossi G. Yakpa1, 
Efoé Sossou1, Poukpessi Adjeloh1, Menssah Teko1, Anders Seim3, 
Yao Sodahlon4

1Ministry of Health, Lomé, Togo, 2HDI, Seattle, WA, United States, 3HDI, 
Oslo, Norway, 4Mectizan Donation Program, Atlanta, GA, United States

Lymphatic filariasis (LF) was once endemic in 8 of the 40 districts in Togo. 
From 2000 to 2009, the National Lymphatic Filariasis Control Program 
of Togo conducted between seven and nine rounds of mass drug 
administration (MDA) with albendazole and ivermectin in these 8 districts. 
In 2010, based on consistently high MDA coverage and low prevalence 
of nocturnal microfilaremia (<1%) at sentinel and spot-check sites, MDA 
for LF was stopped following a successful Transmission Assessment Survey 
(TAS). According to World Health Organization (WHO) recommendations, 
two TAS should be conducted 2 to 3 and 5 to 6 years after stopping 
MDA. Togo conducted and passed its first post-MDA TAS in 2012, and its 
second, final post-MDA TAS in January 2015, to reconfirm that there is no 
transmission of Wuchereria bancrofti. We report on this latter survey here. 
The survey was conducted according to WHO recommendations. The 8 
endemic districts were grouped into 4 evaluation units (EU); in the north, 
Tone, Cinkassé and Kpendjal districts comprise EU1; in the northeast, 
Binah and Doufelgou districts make EU2; Kozah district in central eastern 
Togo is EU3; and Amou and Haho districts in the south are EU4. School-
going children aged 6 to 7 years old were selected for testing using 
cluster sampling. Children were tested for LF filarial antigen using both an 
immunochromatographic test (ICT) and an LF test strip in EU1 and EU2, 
and ICT alone in EU3 and EU4. Test results were scored 0 for negative 
tests and 1 to 4 according to the intensity of a positive result. An EU was 
considered to have successfully passed the TAS when the number of 
positive cases found was inferior to a critical cut-off number, which varied 
from 18 to 20 among the EUs. Of the children tested – 1701 in EU1, 
1547 in EU2, 1542 in EU3, and 1564 in EU4 – there were, respectively, 
6 (0.35%), 0 (0%), 0 (0%) and 0 (0%) positive cases found, well below 
the critical threshold in every EU. All six cases were positive by both test 
methods. The risk of recrudescence of LF remains very low in these 8 
previously endemic districts more than six years after stopping MDA for 
LF in Togo. Togo is preparing a dossier to submit to WHO for validation of 
elimination of LF.

1929
SHRINKING THE LYMPHATIC FILARIASIS MAP: DOES GABON 
NEED TREATMENT TO ELIMINATE LYMPHATIC FILARIASIS?

Maria Rebollo Polo1, Julienne Atsame2, Vitaliano Cama3, Moses 
John Bockarie4

1Task Force for Global Health, Decatur, GA, United States, 2Ministry 
of Health Gabon, Libreville, Gabon, 3Centers for Disease Control and 
Prevention, Atlanta, GA, United States, 4Liverpool School of Tropical 
Medicine, Liverpool, United Kingdom

Historical records suggest that lymphatic filariasis (LF), was found in 
Gabon, but there is little information on its presence. MDA has never 
been conducted. Establishing the endemicity of LF is challenging using 
traditional parasitological and serological methods because of the limited 
skills for microscopy and coendemicity with Loa loa (loa). Loa and Wb 
microfilaria are difficult to distinguish microscopically and Loa antigens 
have been shown to cross react with Wb antigens in individuals with high 
Loa microfilaria counts who are negative for Wb test positive by ICT. 
We conducted a nationwide integrated survey of LF, onchocerciasis and 
loiasis. For LF, 114 villages were surveyed across the 9 provinces. Individuals 
aged 15 years or above were tested using ICT cards. A total of 28 ICT 
positive individuals were found in 22 communities, from 18 different 
districts. To further investigate if the ICT positives found during the survey 

were truly due to Wb and not a cross reaction due to Loa infection, we 
collected dried blood spots (DBS) to perform multiplex assays for Wb123 
and Bm14, two antigens for filarial parasites. Antibody based assays to 
detect Wb123 has been shown to be sensitive and specific for LF infection 
while Bm14 has lower specificity and is recognized by a proportion of 
individual with other filarial infections. DNA was extracted from each DBS 
and amplified by PCR and qPCR using pan filarial primers. Only one sample 
had borderline positive responses to Wb123, but 13 had positive serology 
to Bm14, suggesting that ICT positivity was related to Loa and not Wb. 
All 28 samples had positive results for Loa by both PCR approaches. Our 
inability to confirm that ICT positivity was related to Wb suggests that LF 
is no longer present and therefore no intervention is required against LF. 
More robust epidemiological methods may be required to confirm that 
transmission of LF has been interrupted. These results would represent a 
tremendous step forward for the Global Program to Eliminate Lymphatic 
filariasis, shrinking the LF map by one more country and helping to cross 
the bridge towards the achievement of the ultimate goal of worldwide 
elimination of LF by 2020.

1930
PROGRESS TOWARDS LYMPHATIC FILARIASIS ELIMINATION 
IN SIERRA LEONE

Santigie Sesay1, Jusufu Paye2, Mohamed S. Bah2, Florence M. 
McCarthy1, Abdulai Conteh1, Mustapha Sonnie2, Mary H. 
Hodges2, Joseph B. Koroma3, Yaobi Zhang4

1Neglected Tropical Disease Program, Ministry of Health and Sanitation, 
Freetown, Sierra Leone, 2Helen Keller International - Sierra Leone, 
Freetown, Sierra Leone, 3Family Health International (FHI 360), Accra, 
Ghana, 4Helen Keller International Regional Office for Africa, Dakar, 
Senegal

Lymphatic filariasis (LF) is endemic across Sierra Leone, and mass drug 
administration (MDA) with ivermectin and albendazole started in 
2007, reaching 100% geographical coverage in 2010 with effective 
epidemiological coverage. Baseline microfilaraemia (mf) level was assessed 
before the first MDA. Mid-term assessment (after the 3rd MDA) and 
pre-TAS (after the 5th MDA) was conducted in 12 rural health districts 
(HDs) at sentinel sites (SS) and spot check sites (SC), using midnight blood 
samples from at least 300 people at each site. Two HDs were paired into 
each group (6 groups) according to population size and epidemiological 
characteristics, sharing SS and SC. At baseline (14 sites), the mean mf 
prevalence in 12 HDs was 2.6% (95% CI: 2.3-3.0%), ranging 0-6.9%. 
The mean mf density was 1.3mf/ml (95% CI: 1.0-1.7). Ten HDs had 
mf prevalence ≥1% at SS. At mid-term (6 SS and 6 SC), the mean mf 
prevalence was 0.3% (95% CI: 0.2-0.5%), ranging 0-1.6%. The mean 
mf density was 0.1mf/ml (95% CI: 0.0-0.1). Eleven HDs showed mf 
prevalence <1% at SS and SC. In 2013 a pre-TAS was conducted in 6 SS 
and 7 SC. Overall mf prevalence was 0.5% (95% CI: 0.4%-0.8%), ranging 
0-2.7%. The mean mf density was 1.0mf/ml (95% CI: 0.30-1.8). Nine HDs 
showed mf prevalence <1%, persistent from the mid-term. Compared to 
baseline there was significant decrease in mf prevalence and mf density 
(p<0.001). Eight districts qualified for and will be subject to transmission 
assessment survey (TAS). Three HDs (Bombali, Kailahun, and Koinadugu) 
that showed mf prevalence ≥1% had baseline mf prevalence 6.9%, 5.7% 
and 2.6% respectively, and, together with Kenema (though mf prevalence 
<1% at pre-TAS), share borders with Guinea and/or Liberia where 100% 
geographical coverage of MDA has not been reached. These 4 HDs will 
continue MDA for additional 2 years, while the cross border issues are 
addressed. Significant increase in mf density from the mid-term was 
mainly due to a SC in hard to reach areas in Bombali. This highlights the 
importance of SC in identifying hot spot of LF prior to TAS.



A-591

The number(s) following author name refers to the abstract number.

astmh.org

Abstract Author Index

A
Aamir, Uzma Bashir  1772
Aarestrup, Frank M.  1500
Aarons, Emma  1178
Aaskov, John  789
Abadie, Ricardo  394, 1024, 1670, 

1797
Abass, Ali K.  305, 657
Abdala, Edson  474
Abdalla, Marwah  1305
Abdel Aziz, Mustafa  1762
Abdel-Rahman, B  421
Abd El Wahed, Ahmed  189, 797
Abdoun, Asim O.  1740
Abdulai, Martha A.  842, 997
Abdulla, Salim  1049, 123, 1633, 

1637, 854
Abdybekova, Aida  1025
Abe, Mayumi  724
Abebe, Almaz  1438
Abebe, Getachew  566
Abebe, Yonas  989
Abedin, Jaynal  1163
Abel, Lucy  383, 719, 714
Abernathy, Alice M.  1841
Abernethy, Neil  685
Abeyewickreme, Wimaladharma  

1102
Abie, Getnet  1515
Abiola, Annie W. K.  328, 1610
Abla Geiser, Nada  83
Aboellail, Tawfik A.  40
Abolude, Olukemi O.  1294
Abongwa, Melanie  1072
Aboriga, Raymond  216
Abot, Esteban  1275, 352
Abot, Steve  1634
Aboud, Said  429
Aboulhab, Jamila  1901
Abraham, David  608, 670
Abraham, Thomas  88
Abrego, Feny  1345
Abreha, Tesfay  14, 566
Abreu, Cláudia B.  63
Abril, Marcelo  477
Abuaku, Benjamin  1480, 899, 907
Abubakar, Ismaela  1582
Abudho, Bernard  1243, 1785
Abudo, Mamo U.  417
Abugri, James  194
Abuom, David C.  703
Abuy, Telesforo Eyegue  1003, 

1660, 1869
Accrombessi, Manfred  854, 968
Achan, Jane  1337, 1615, 653, 

1399, 888, 889
Acheampong, Princess R.  803
Acheampong, Salomey  1682, 404
Achee, Nicole L.  1368, 1403, 

1811, 96, 104, 729
Acholonu, Alex D. W.  1794

Achonduh-Atijegbe, Olivia A.  1798
Acosta, Angela  384
Acosta, Belsy  181
Acosta, Janet  1911
Acosta, Janeth  29
ACT Consortium - Drug Quality 

Team  819
ACT Consortium RDTs in Context 

Working Group  1522, 1699
The ACTwatch Group  817, 1524
Acuna, Miguel  738
Adair, Linda S.  396 
Adakun, Susan  1050
Adaku Nze, Chinwe  839
Adams, David  1040, 288, 64, 787
Adams, Emily  1739
Adams, John H.  1611, 1630, 1643, 

201, 557, 940, 1473, 49
Adams, Matthew  1581, 1602, 

1606, 1646, 835, 893, 921, 923, 
943, 978, 924

Adams, Nehkonti  1023, 1677
Adanu, Richard  487
Adapa, Swamy Rakesh  587
Addiss, David  1300, 469
Addissie, Adamu  70
Addo, Kwesi  1023, 1677
Addo, Phyllis  402
Addo, Phyllis G. A.  1322
Adedire, Elizabeth B.  185
Adegnika, Ayola Akim  1651
Adejuwon, Adekunle O.  892
Ademikpo, Liscovich  1002
Ademowo, George O.  1603, 825
Ademowo, Olusegun G.  1498
Adeneye, Adeniyi  1568
Adeneye, Kazeem  994
Adenis, Antoine  308
Adeogun, Adedapo  1568, 1654, 

994
Aderoyeje, Temitope  810
Adeusi, Oluwole  1516, 1517, 345
Adewale, Bisi  438
Adhikari, Shiva R.  1198
Adhin, Malti  226
Adiamoh, Majidah H.  1399
Adibaku, Seraphine  243
Adjei, Alex  1049
Adjei, Andrew A.  318, 487
Adjei, George  240
Adjei Boakye, Daniel  130
Adjeloh, Poukpessi  1928
Adjogoua, Edgar  158
Adjuik, Martin  1049
Adou, Sei  1822
Adrien, Paul  1664
Adriko, Moses  1824
Adu-Gyasi, Dennis  240
Adu-Sarkodie, Yaw  400
Aebig, Joan  1649, 985
Ae-Ngibise, Kenneth  1305
Affara, Dr Muna  888

Affara, Muna  1215, 1399, 1582, 
213, 529, 625, 889, 92

Afolabi, Muhammed O.  363
Afonne, Chinenye  75
Afrane, Yaw  1391, 896
Afrin, Sadia  1861
Afriyie-Gyawu, Evans  413
Afwamba, Isaac A.  1326
Ag1000g Consortium  1384
Agaba, Bosco B.  1572, 243
Agaba, Gad  65
Agbenyega, Tsiri  371
Agbla, Schadrac  888
Agbo, Yao M.  506, 508
Agbowai, Carine  889
Ager, Arba L.  262
Agmas, Adem  1544, 1546, 1628
Agnandji, Selidji T.  618
Agomo, Chimere  1568
Agongo, Godfred  194, 216
Agossa, Fiacre R.  106
Agrawal, Sonia  923
Agudelo, Ivony Y.  1463
Aguiar, Anna C. C.  252
Aguiar, Joao  1644
Aguilar, Pablo  1188, 241
Aguilar, Patricia  1458
Aguilar, Ruth  1570
Aguilar, Yojani  786
Aguirre, Sebastian  1257
Agurto, Carla  1803
Agwanda, Bernard  703
Ahmad, Abdullahi  1582
Ahmed, Adem  1629, 974
Ahmed, Hinda  1453
Ahmed, Khalil  1772
Ahmed, Makhdum  1839
Ahmed, Rafi  172
Ahmed, Sabeena  886
Ahmed, Salwa F.  421
Ahmed, Shahnawaz  27, 28, 576
Ahmed, Shamsir  28
Ahmed, Tahmeed  1865, 28
Ahorlu, Collins  907
Ahoua Alou, Ludovic  1370
Ahouidi, Ambroise D.  931
Ahumada, Martha  1577
Aidoo, Michael  244
Aierken, Amina  1026, 1027, 574
Aïkpon, Rock  106
Aina, Oluwagbemiga  1492, 1568
Ainslie, Rob  657
Aisiri, Adolor  1516, 1517
Aiyenigba, Bolatito  1516, 1517, 

345
Ajayi, Ikeoluwapo O.  75, 1498
Ajayi, Olapeju O.  892
Ajendra, Jesuthas  1241, 1880
Ajibaye, Olusola  1568, 1586, 929
Akabanda, Fortune  130
Akabas, Myles H.  258
Akadiri, Inoussa  241
Akala, Hosea  211, 347

Akala, Hoseah M.  207, 208, 850
Akame, Julie  1689
Akanda, Shafqat  1790
Akano, Kazeem  810
Akarachotpong, Thantapat  416
Akbari, Masoud  330
Akerey-Diop, Daisy  854
Akhund, Tauseef  1008
Akila, Joel D.  1392
Akindele, Samuel  1568
Akintunde, Grace  1568
Akinyede, Akinwumi A.  1492
Akinyele, Olajumoke  1568
Akinyi Okoth, Sheila  226, 1877
Akkoyunlu, Mustafa  338
Akogbeto, Martin  106, 119
Akoko, Larry  1722
Akpan, Mfonobong E.  129
Akparibo, Raymond  1049
Aksoy, Emre  101
Aksoy, Serap  101, 637
Aktar, Amena  1861, 1862
Akter, Aklima  1861
Akter, Jasmin  886
Akuamoah, Jacqueline  351
Akue, Adovi D.  44
Akum, Aveika  1662
Alagesan, Kathirvel  16
Alaii, Jane  379, 380
Alam, Masud  1700, 1863, 408
Alam, Md. Murshid  397
Alam, Mohammad S.  886
Alam, Mohammad Murshid  392
Alam, Mohammad Shafiul  1411, 

316
Alam, Shafiul  768
Alami, R.  421
Al-Amin, Hasan Mohammad  316
Alano, Pietro  1488
Alao, Manzidatou  1002
Alarcon, Jorge O.  1011, 1667, 409
Alava, Freddy  125
Alba, Sandra  679, 691
Albareda, Maria C.  1851
Albers, Anna  1708, 1709
Alberti D’Amato, Anahí  1089
Albertini, Audrey  1739
Albujar, Christian B.  661, 1110
Alcaide, Maria  570
Alcorta, Yolanda  1275, 1634, 352
Aldaach, Haidar  1790
Alegría, Cindy  1584
Alemayehu, Abreham T. A.  72
Alemayehu, Bereket H.  14
Alembo, Desta A.  68
Alemu, Abebe  206
Alera, Maria T.  739
Alexander, Neal  1254, 1363, 738
Alexander, Neal D.  684
Alexandre, Jean Semé Fils  897
Alfonso-Parra, Catalina  1414
Alger, Jackeline  909
Alhassan, Andy K.  1080



A-592

The number(s) following author name refers to the abstract number.

astmh.org

Abstract Author Index

Alhousseini, Mohamed L.  820
Ali, Abdullah S.  112, 1216, 1235, 

305, 268, 600, 657
Ali, Ali  1049
Ali, Asad  1772
Ali, Doreen  307, 358
Ali, Mohamed  268, 600
Ali, Shahnawaj  576
Ali, Syed A.  1008
Alifrangis, Michael  1489, 1500, 

319, 805
Alilio, Martin  681
Aliota, Matthew T.  743
Aljayyoussi, Ghaith  1076
Al-Kamel, Mohamed A. N.  427
Allen, Elizabeth  464
Allen, Henrietta  912
Allen, James  1386
Allen, Judith E.  1240
Allen, Koya C.  1736
Allers, Claudia  963
Allman, Erik  1469
Allman, Windy  338
Allo, Elvis  1822
Al-mafazy, Abdul-wahid  268, 305, 

600, 1216
Almeida, Mariana J.  1488
Almeida, Rodrigo  1161
Alonso, Pedro L.  1570, 1633, 938
Alonso, Sergi  1098
Alonso-Harper, Nico  1660
Alout, Haoues  880
Alpers, Michael  770
Alphonse, Rukundo  315
Altieri, Lisa  79
Altmann, Sharon E.  1183
Alum, Masud  1136
Alusala, Dorcas  464
Alvarado, Fernanda L.  1599
Alvarado, Luisa I.  135, 1422
Alvarez, Carlos  775
Alvarez, Gonzalo  1463
Alvarez, Maria G.  1851
Alvarez-Antonio, Carlos  1131, 

439, 786
Alves, Dimes H. P.  1148
Amadi, Agwu N.  1169, 354
Amadi, Chinasa O.  1169
Amado-Garavito, Andrés B.  1632
Amadou, Bio A.  1685
Amalvict, Rémy  1532
Amambua-Ngwa, Alfred  1586, 

213, 529
Amarasinghe, Ananda  767
Amaratunga, Chanaki  127, 1829, 

220, 940
Amato, Roberto  317
Amatya, Bibush  1198
Amaya, Moushimi  141, 747
Amaya, Ramón  1632
Amaya-Burns, Alba  1329
Amaya-Larios, Irma Y.  1432
Ambagahawita, Anuradha  767

Ambayo, Denis  1658
Amber, Dismer  1059
Ambler, Gwen  1127
Ambrose, Kelley  681
Ambroziak, John  83
Ambuel, Yuping  168
Amegbo, Komi I.  508
Amenga-Etego, Seeba  842, 997
Amer, Said  1140
Amin, Magdy A.  1133
Amin, Nuhu  580
Amoa-Bosompem, Mildred  482
Amoako, Nicholas  194, 240
Amoako, Sabastina  240
Amoako-Sakyi, Daniel  928
Amoo, George  1558, 833, 843, 

900, 910
Amorim, Francianne M.  432
Amornpaisarnloet, Kittisak  56
Ampofo, William  482
Ampuero, Julia S.  1110, 1131, 

131, 439, 775, 785, 786, 792
Amratia, Punam  238
Amuzu, Hilaria E.  173
Anantharaman, Vivek  1295
Anash, Evelyn  1337
Anathan, Julie  682
Anato, Simplice  31
Ancel Meyers, Lauren  160
Andagalu, Ben  208, 211, 347, 

850, 207
Andargie, Zebene  70
Anders, Robin F.  937
Andersen, Gregers R.  1176
Anderson, Charles  1635, 1648, 

1649, 878, 939, 985, 991
Anderson, Corey D.  1405
Anderson, Gorm  983
Anderson, Jennifer M.  1260, 127, 

220
Anderson, John D.  1792
Anderson, John W.  262
Anderson, Kathryn G.  1882
Anderson, Margot  682
Anderson, Olivia  1557
Anderson, Roy M.  461, 464, 53, 

54, 540
Anderson, Scott  371
Anderson, Timothy J. C.  1158, 

1589, 1781, 1782, 1826, 583, 
669, 671, 1780

Andolina, Chiara  289
Andonova, Maya  740
Andrade, Christy A.  758
Andrade, Daniela V.  523
Andrade, Heitor F. Andrade. Junior.  

1145, 964
Andrade, Luiza F.  1776
Andrade, Marcia C. R.  942
Andrade Junior, Heitor F.  1142
André, Claudine  666
Andreadis, Theodore  543
Andrew, Dean  16

Andrews, Colin R.  1797
Andrews, Howard  1032
Andrews, Jason R.  1198, 1273, 

1821, 1200
Andrews, Ross  26, 541
Andrianandrasana, Gilbert  241
Andriandrasana, Gilbert  1188
Andújar-Pérez, Doris  1422
Anema, Aranka  1457
Angarita-Jaimes, Natalia  1807, 724
Angeles, Jose Ma. M.  531, 532
Angelo, Michael A.  761
Angov, Evelina  1278, 15, 1641, 19, 

372, 938
Angulo, Noelia  1038, 1751, 1795
Angulo Surca, Noelia P.  1095
Angus, Brian J.  1201
Aniebo, Ifeyinwa  1503, 325
Aniedobe, Maureen  1568
Aniemena, Chidozie  1683
Anishchenko, Michael  1448
Ankrah, Love  240
Annan, Augustina  400
The Anopheles gambiae 1000 

Genomes Consortium  1828, 
1389

Anova, Lalaine  1558, 833, 843, 
891, 900, 910

Ansah, Deidra  507
Anselmo, Rui  618
Anshebo, Gedeon Yohannes  1372
Anstey, Nicholas M.  1902, 282, 

355, 627, 1560, 865
Ansumana, Rashid  1182
Antão, Tiago  1384
Anthony, Penelope S.  1692
Antillon, Marina  1671
Antonio, Martin  1018, 1676, 411
Antwi, Gifty  803
Antwi, Gifty D.  1691
Antwi, Maxwell  1682
Anusiem, Angela C.  1120
Anusiem, Chikere A.  1120
Anyanti, Jennifer  837
Anyanwu, Greg I.  1392
Anyona, Samuel B.  1591
Anyorigiya, Thomas  216
Apaer, Shadike  1026, 1027, 574
Apenteng, Mark A.  404
Apiwattanakul, Nopporn  162
Aponte, John  1570, 854
Appawu, Maxwel  130
Apperson, Charles  1311, 1394, 

543, 708
Appiah, Alfred A.  404
Appiah-Opong, Regina  402
Arana, Byron  1094
Arang, Nadia  1608
Arango, Eliana  976
Araujo, Fernanda F.  513
Araujo, Irene T.  1013
Araujo, Joselito  752
Aravind, L.  1295

Arca, Bruno  342
Arencibia, Amely  181
Arens, Theo  983
Arévalo, Andrea  1571
Arévalo, Myriam  1571
Arévalo Cortés, Andrea  52, 649
Arévalo-Herrera, Myriam  1577, 

1584, 1632, 314, 320, 1569
Arguin, Paul  808
Arias, Luzlexis  175, 756
Arichábala Wilches, Anita L.  1052, 

1731, 500
Ariey, Frédéric  12
Arifeen, Shams E.  582
Arik, Anam  638
Arikpo, Iwara  837
Arinaitwe, Emmanuel  1261, 1486, 

1614, 283, 809, 811
Arinaitwe, Moses  1824
Arinola, Ganiyu O.  1603
Arlian, Larry G.  98
Armistead, Jennifer S.  1296, 1630, 

631
Armstrong, Janice  1041
Armstrong, Margaret  647
Arndt, Michael  1141
Arnold, Benjamin F.  579
Aroian, Raffi V.  473
Arora, Avish  258
Arowolo, Tolu  994
Arrasco, Juan  659
Arriens, Sandra  644
Arrizabalaga, Gustavo  1150, 1293
Arrospide, Nancy  565
Arruda, Sérgio  1083
Arsanok, Montri  10, 15
Artemisinin Collaboration (TRAC), 

On behalf of the Tracking 
Resistance to  11

Artemov, Gleb  1385
Arterburn, Jeffrey B.  758
Arya, Ravi  734
Arze, Cesar  1640, 1829
Asamene, Negga  1438
Asante, Kwaku P.  240, 1305
Aseffa, Abraham  1045, 70
Asghar, Muhammad  905
Ashbaugh, Hayley  1684
Ashley, Elizabeth  11, 1829, 943
Ashman, Jill  1850
Ashmony, Hossam  1453
Ashorn, Per  1006
Asiedu, Kingsley  82
Asito, Stephen A.  331
Assadou, Mahamadoun H.  1279, 

1576, 990
Assefa, Ashenafi  1045, 14, 566
Assefa, Liya  51
Astete, Helvio  131, 726
Astudillo, Osvaldo G.  477
Astupina, Sofia  1751
Aswa, Daniel  719, 884
Asweto, Collins O.  87



A-593

The number(s) following author name refers to the abstract number.

astmh.org

Abstract Author Index

Atabe, Andrew  1514
Ataide, Ricardo  11, 603
Atcheson, Erwan  607
Ateba Ngoa, Ulysse  1651
Athmani, Mwaka  1049
Athreya, Harihan  463
Atia, Ehab  1129
Atibu, Joseph L.  186
Atieli, Harrysone  1391, 896
Atkinson, Louise E.  607
Atkinson, Peter M.  662
Atsame, Julienne  1929
Attaher, Oumar  1601
Atting, Inyang A.  129
Atto, Ruth  1034
Attupina Figueroa, Elisabeth S.  

1095
Atwell, Jessica  1599
Atwine, Daniel  65
Auala, Joyce  563
Aubry, Maite  765
Auburn, Sarah  14, 355
Audet, Carolyn M.  32
Audi, Allan  1585
Auguste, Albert J.  1442
Auma, Ann  329, 332
Auma, Mary  1050
Aung, Poe P.  1581
Avancena, Anton Lorenzo V.  1541
Avelar, Livia G.  1776
Avery, Vicky M.  1093, 1096
Avila, Frank W.  1355
Aviles, Merita  262
Avilés, Paula A.  1478
Aviles, Ricardo  1663
Avilés Monterrey, William  622
Avramova, Larissa  1377
Avril, Marion  626
Avue, Restituto Mangue  1003, 

1660, 1869
Avula, Bharathi  1528, 1535
Awab, Ghulam R.  214
Awaca, Naomi  456, 1716
Awaca Pitchouna, Naomi  1926
Awandare, Gordon A.  194, 1322
Awandu, Shehu S.  264
Awano, Tesema  229
Awe, Aderonke O.  1637, 1638
Aweeka, Francesca  812
Awine, Timothy  216
Awodele, Olufunsho  1492
Awolola, Bridget  994
Awolola, Samson T.  1392, 1654, 

994, 1568, 1586
Awor, Phyllis  1189
Awori, Patricia  1210
Ayandipo, Esther O.  345
Aydin-Schmidt, Berit  657
Aye, Kyin H.  1581
Aye, Ni Ni  1813
Ayebazibwe, Nicholas  1926
Ayede, Adejumoke  810
Ayele, Workenesh  1438

Ayenew, Asmamaw  1546, 1628, 
1629

Ayi, Irene  431
Ayimele, Godfred A.  1072
Ayisi-Boateng, Nana K.  639
Ayode, Desta  495
Ayodo, George  326
Ayoub, Ehab A.  1133, 1762
Ayvar, Viterbo  1034, 475, 572
Azam, Syed Iqbal  1772
Aziz, Ammar  355
Aziz, Fatima  1772
Aziz, Mustafa A.  1180
Azman, Andrew  139, 1666
Azman, Andrew A.  1859
Azman, Andrew S.  1460
Azmi, Ishrat J.  27, 576
Azongo, Daniel  216
Azoulay, Laurent  1703
Azumah, Bright K.  1322
Azziz-Baumgartner, Eduardo  1839

B
Ba, El Hadj  1348
Ba, Elhadji  270
Ba, Elhadji Konco Ciré  272, 271, 

1302
Ba, Fatou  353, 826
Ba, Mady  1501, 1626, 1652, 1903, 

242, 310, 311, 312, 353, 584, 
826, 827, 975

Ba, Souleymane  1626, 975
Ba, Yamar  192
Baba, Ebenezer S.  229, 1498
Baba, Marycelin M.  665
Babakhanyan, Anna  1597, 489
Babalola, Ayodele S.  287
Babatunde, Ahmed  345
Babayan, Simon A.  1240, 443
Babcock, Gregory  551
Baber, Ibrahim  1208
Baber, Ibrahima  1279
Babiaka, Smith B.  1072
Babo, Teobaldo  1003, 1660, 1869
Babtista, Rodrigo  1316
Babu, Subash  1842
Bacellar, Olívia  1848
Bachman, Victoria  1791
Bachmann, Martin  986
Badanicova, Kristina  1733
Badara Gueye, Alioune  1652
Badejo, Joseph A.  1498
Badgandi, Hemant  638
Badiane, Aïda Sadikh  1610
Badolo, Ousman  1655, 969
Ba Fall, Kadidiatou  824
Bagagnan, Cheik  84
Bagiella, Emilia  1032
Baguma, Emmanuella  1572
Baguma, Lucia  1572

Bah, Amat  625
Bah, Ibrahima  1901
Bah, Mamadou M.  625
Bah, Mohamed S.  1930
Bahlo, Melanie  317, 568
Bahora, Yasmin  682
Bahrambegi, Ramine  1188, 241
Bai, Xilian  1325
Baiden, Frank  842, 997
Baiden, Rita  1049
Bailey, Jason A.  1602, 1606, 1646, 

943, 978, 1829
Bailey, Jeffrey A.  585, 916, 915, 

543
Bailey, Robin  1319
Bailey, Trevor C.  147
Bain, James  1006
Baird, J. Kevin  617, 804, 864, 1904
Bais, Swarna  1777, 1900
Bakach, Iurii  389
Bakare, Omowumi  994
Bakary, Maiga  928
Baker, David A.  1879
Baker, Julia M.  1772
Baker, Kelly  390
Baker, Kevin  1774, 1775
Baker, Margaret  1231, 504
Baker, Mark  857
Baker, Stephen  392
Bakker, Mirjam  679, 691
Bakker, Roel  1250, 55
Balaich, Jared  993
Balakrishnan, N  7
Balam, Alasseini  966
Balassiano, Ilana  422
Balasubramanian, Sujata  10, 585, 

802
Baldeviano, Gerald C.  1316, 1510, 

1913, 1644
Baldwin, Amy  149
Baldwin, Susan L.  981
Balikagala, Betty  370, 374
Balilo, Marcel P.  1454, 1455, 791
Ballard, Ron  1680
Ballesteros, Cristina  1724, 668
Ballou, W. Ripley  1277, 180, 182, 

1462, 1276, 1278
Balmaseda, Angel  133, 136, 592, 

761
Balogun, Emmanuel O.  929
Baloji, Sylvain  1103, 1743
Bamadio, Amadou  820
Banahene, Alfred  698
Banania, Jo Glenna  1275, 1634, 

352
Banda, Cesar  393
Banda, Clifford G.  847, 851
Bandoh, Betty  1176
Bandyopadhyay, Nabamita  920
Banegas, Engels  1542
Banerjee, Antara  520
Bangert, Mathieu  744
Bangirana, Paul  195

Bangoura, NFaly  889
Bangs, Derek J.  552, 761
Banic, Dalma M.  321
Banik, Soma S. R..  38
Bannister-Tyrrell, Melanie  1615, 

653
Bansal, Geetha  361, 365
Bansil, Pooja  1628, 280
Bantuchai, Sirasate  199
Baptista, Barbara O.  321
Baragaña, Beatriz  815
Baraka, Vito  1801, 212
Baral, Stefan  31
Barasa, Sheila O.  1893
Barbachano-Guerro, Arturo  1423
Barban, Veronique  1857
Barber, Bridget E.  1902, 282, 355, 

1560
Barbosa, Lucio M.  1161
Barbosa, Susana  925
Barboza, Jose Luis  726
Barbre, Kira A.  646
Barbu, Corentin M.  95
Barcellos, Christovam  147
Bardaji, Azucena  1570
Barfod, Lea  1176
Baric, Ralph S.  1416, 1430, 550, 

548
Barillas-Mury, Carolina  636
Barker, Christopher M.  1380, 1447
Barker, Kevin R.  253
Barnadas, Céline  568
Barnadas, Celine  831
Barnafo, Emma  991, 1648
Barnard, Andrew  1899
Barnes, Franz D.  1345
Barnes, Karen I.  851
Barnes, Laura E.  1050
Barnes, Samantha  201, 49, 940
Barnes, Trevor  1, 1858, 38
Barnett, Eric  103, 802, 585
Barney, Rebecca S.  274, 1538
Barnor, Jacob S.  482
Barnwell, John W.  1212, 808, 895, 

1229, 1804, 226
Baro, Nicholas  584, 931, 875
Barratt, Michael  1006
Barrera, Patricia  1458
Barreto, Ismael S. D. C.  831
Barreto dos Santos, Flavia  752
Barrett, Alan D. T.  1441, 1855
Barrett, Lynn K.  1292, 861, 281
Barrie, Umaru  1086
Barriga, Eduardo Simon  1803
Barrios, Diana  938
Barro, Ahmed  776
Barros, Lucas F.  1148
Barros, Ximena  1314
Barry, Alyssa  317, 568
Barry, Amadou  1624
Barry, Amanda  1229, 458
Barry, Meagan A.  1747
Bartelt, Luther  1290, 1674



A-594

The number(s) following author name refers to the abstract number.

astmh.org

Abstract Author Index

Bartholomeu, Daniella  1316
Bartow McKenney, Casey  1754
Bart-Plange, Constance  1561
Barud, Hernane  1092
Barzilay, Ezra  1059
Basáñez, María-Gloria  1721, 1818, 

1823, 460, 537
Basaye, Seife  614
Bashaye, Seife  269
Basilico, Nicoletta  1530
Basnyat, Buddha  423
Basra, Arti  854
Basri, Herdiana H.  656, 865
Bass, Jennifer  791
Bass, Judith K.  34
Bassat, Quique  1269, 618
Basta, Nicole  1323, 1325
Bastien, Jessica  1527
Bastien, Patrick  1316
Batalaho, Jaco  249
Batchelor, Joseph D.  557
Batcho, Wilfrid  1685, 527
Batengana, Bernard  718
Bates, Imelda  1691
Bath, David  1523
Bathily, Abdrahamane  902
Batista, Izabella C. A.  755
Batsa, Linda  639
Batsa-Debrah, Linda  1708, 1709
Batt, Carl  372
Battle, Katherine E.  296, 913
Batty, Kevin T.  215
Batzell, Kimberly  1536
Batzloff, Michael  60
Bau, Haim H.  1778
Bauer, Cici  573
Bauleni, Andrew  841, 914, 307, 

599
Baurin, Nicolas  1437
Baus, Esteban G.  1761, 509
Bausch, Daniel G.  1268, 132, 

1764, 183, 406, 661, 705, 792
Bausell, Loren  359
Bautista-Cerón, Arely  405
Bax, Magdalena  1332
Bayih, Abebe Genetu  235, 206
Bayot, Bonny  1793
Bazan, Isabel  439, 1131
Bazie, Thomas  224
Bazone, Lindsey  176
Bazzone, Lindsey  763
Beach, Ray  1369, 1379
Beach, Raymond  720
Beane, Jennifer  1852
Beaso, Delma  1719
Beati, Lorenza  93
Beati Ziegler, Lorenza  543
Beattie, Lynette  512
Beau De Rochars, Madsen  155
Beau de Rochars, Valery Madsen  

1059, 1229
Beaumier, Coreen M.  461, 463
Becker, Kira  1678

Becker, Stephan  1462, 180
Becker, Tim  1708
Becker-Dreps, Sylvia  396
Beckmann, Anna Marie  1850
Bedford, Trevor  371
Beebe, Elyse  981
Beeching, Nicholas  1178
Beeson, James G.  16, 1614, 603, 

831, 937, 11, 333
Begum, Farzana  582
Behene, Eric  1023, 1677
Behi, Fodjo K.  115
Behme, Matthew  69
Behura, Susanta K.  1193
Bei, Amy K.  931
Beijnen, Jos H.  1090
Beiting, Daniel  521
Beiting, Daniel P.  1846
Bejar, Vilma  409
Bekele, Abyot  1438
Belais, Raphael  666
Belay, Haileeyesus Adamu  1140
Belay, Kassahum A.  947
Belay, Kassahun  1875
Belemvire, Allison  1622, 720
Belenchia, Matthew  64
Bell, Aaron  643
Bell, Cynthia  1729
Bell, David R.  1804
Bell, Martin  967
Bella, Assumpta Lucienne  1689
Belmonte, Arnel  1275, 1634, 352
Belmonte, Maria  1275, 1634, 352
Belofsky, Gil  478
Beltrán, Cristian  1632
Beltran, Davis A.  1410, 1461
Beltran-Alzate, Juan C.  1726
Beltrán-Ayala, Efraín  1052, 1423, 

1731, 500
Belvins, Meridith  32
Benavente, Luis  1002
Benavides, Victor  1034
Benavides, Yoldy  314
Benca, Juraj  1733, 493
Bendezu, Jorge  828, 829
Bendezu-Medina, Sandy  1766
Benecky, Micheal  280
Benitez Ortiz, Washington  51
Benjamin, John  215
Benjamin, Nygren L.  1203
Benjamins, Laura  1729
Benkeser, David C.  371
Ben Mamoun, Choukri  545
Bennett, Adam  1218, 1550, 1552, 

1579, 278, 305, 655
Bennett, Ashley  1544
Bennett, Jason W.  1276, 1278
Bennett, Shannon N.  766, 770
Bennuru, Sasisekhar  640, 643, 670
Benoit, Joshua B.  637
Benoit, Nicolas  824
Bensch, Staffan  905
Ben-Shachar, Rotem  159

Benton, Briana  1451
Berbudi, Afiat  1241, 1880
Berens-Riha, Nicole  1707
Berger, Amanda  397
Bergmann-Leitner, Elke S.  1641, 

946, 1278, 372
Bergo, Eduardo S.  1435
Bergren, Nicholas A.  1442
Berjohn, Catherine M.  887
Berkowitz, Jillian  581, 867
Bermúdez, J. Rafael  1793
Bern, Caryn  1085, 1751, 1752, 

1911, 29
Bernabeu, Maria  626
Bernal, Edson  1038
Bernal-Rubio, Dabeiba  1257, 1258
Berne, Laura  224
Bernson, Jeff  1544, 1629, 974
Berriman, Matthew  1835, 926
Berry, Alexander S.  711
Berry, Andrea  943, 978
Berry, Neil  1718
Bertinaria, Massimo  1529
Bery, Renuka  498
Besançon, Marjorie  1240
Besansky, Nora J.  1195, 1384
Beshir, Khalid  834
Beshir, Khalid B.  821
Bessell, Paul R.  1103, 1249, 1742, 

1743
Bessong, Pascal O.  784, 1004
Betancourt, Bryan  1155
Bethony, Jeffrey  471, 606
Bett, Andrew J.  1222, 760
Bettis, Alison A.  53
Betuela, Inoni  1262, 317, 830
Bever, Caitlin A.  1548, 1551, 1760, 

957, 958
Bever, Caitlin A  613
Beverley, Stephen M.  1316
Beyenbach, Klaus W.  715
Beyene, Belay  974, 1515
Beyene, Berhane  1438
Bezabih, Belay  1546, 1628
Bhalla, Nishank  138
Bhandari, Kalpana  1231, 504
Bhat, Geeta  843, 891, 910
Bhatia, Sangeeta M.  1638
Bhatnagar, Julu  37
Bhatnagar, Suyash  1205
Bhatt, Samir  296, 304
Bhattacharjee, Souvik  1172
Bhattacharya, Antoinette  1301, 

823
Bhattarai, Achuyt  305
Bhavnani, Darlene  1542, 876
Bhengsri, Saithip  416
Bhoomiboonchoo, Piraya  184
Bhuiyan, Taufiqur R.  397, 1862
Bhutta, Zulfiqar A.  618
Bhuyian, Sazzadul I.  27, 576
Bianco-Jr, Cesare  942
Bianco-Junior, Cesare  321

Bibby, Jaclyn  1718
Bickersmith, Sara A.  102, 125
Bickham-Wright, Utibe  1779
Bidaisee, Satesh  1054
Bidii, Ngalah  208
Biedenkopf, Nadine  180
Biéler, Sylvain  1103, 1249, 1742, 

1743
Bienevente, Ernest D.  325
Biey, Joseph  1443, 619
Bigogo, Godfrey M.  1108, 1585
Bikorimana, Jean Paul  73
Bilgo, Etienne  1281
Billig, Erica M.  1755
Billingsley, Peter F.  1633, 1637, 

1639, 561, 989, 1636, 938
Billman, Zachary P.  980
Binagwaho, Agnes  1340, 1379, 

1578, 1868, 315
Bing, Xiaoli  101
Bingham, Andrea  725
Bingham, Karen  946
Binka, Fred  1049, 1701
Binkert, Christopher  1488
Birame Diouf, Mame  1652
Birbeck, Gretchen L.  1051
Bird, Tom  612
Birger, Maxwell  277, 674
Biritwum, Nana-Kwadwo  458
Birkett, Ashley J.  1276, 1277
Birkholtz, Lyn-Marie  264
Birrell, Geoffrey W.  262
Birren, Bruce W.  371
Biryukov, Sergei  19
Bisanzio, Donal  304
Biselli-Périco, Joice Matos M.  755
Bishop, Danett K.  1021
Bishop, Henry  808
Bishop, Richard  1294
Biswas, Biswajit  1016, 1024, 57
Biswas, Shwapon  27, 576
Biswas, Sumi  560, 982, 986, 987
Bittar, Fadi  467
Bjorge, Steven  1904
Bjorkman, Anders  657
Black, Robert E.  1864
Black, IV, William C.  1196, 762
Blackmore, Mark S.  1405
Blacksell, Stuart D.  542
Blackwell, Jerry  367
Blagborough, Andrew  1642
Blanas, Demetri A.  1725
Blanco, Pedro  1053, 1401, 143
Blanton, Laura V.  1006, 399
Blanton, Ronald  1161, 1896
Blasco, Teresa  510
Blau, Dianna M.  37
Blay, Emmanuel A.  431
Blazes, David  1704, 58, 132
Blazes, Elizabeth  1704
Blok, David J.  1022, 1679
Blömker, Dominique  1241
Boakye, Daniel A.  1322, 1715, 511



A-595

The number(s) following author name refers to the abstract number.

astmh.org

Abstract Author Index

Boamah, Daniel  404
Boamah, Ellen  1305
Boatin, Boakye  1721
Bobanga, Thierry L.  1573, 290, 

344
Bobbili, Naveen  245, 335, 932, 

933
Bobogare, Albino  750
Boccia, Delia  1763
Bock, Ronnie  236, 299
Bockarie, Moses  1927, 727, 1045
Boddey, Justin A.  1296, 631, 946
Bodeau-Livinec, Florence  428
Boehm, Alexandria  25
Boel, Machteld  333
Boelaert, Marleen  1250, 1740
Boele- Van Hensbroek, Michael  51
Boeykens, Peter  1720
Bogan, Joseph A.  1183
Bogard, Sherri  1738
Boggild, Andrea K.  1910
Bogoch, Isaac I.  1198, 1273, 1821
Bogus, Joshua  1226
Bohissou, Francis  889
Boivin, Michael J.  34, 428
Bojang, Ebrima  1319
Bojang, Kalifa  363, 889
Boko, Pélagie  527
Bolay, Fatorma K.  1226, 737
Bolick, David  1290, 1674
Bolling, Bethany G.  1442
Bollweg, Brigid  793
Bolton, Birgit  1321
Bompangue, Didier  1666
Bompard, Anaïs  560, 982
Bona, Mariana D.  1668
Bonaparte, Matthew  1223, 553
Bonawitz, Rachael E.  623
Boncy, Jacques  155
Bone, Mary A.  1430
Boni, Maciej F.  1217, 1508, 617, 

250
Bonini-Domingos, Claudia R.  324
Bonizzoni, Mariangela  1382, 1383
Bonkoungou, Moumouni  969
Bonne-Annee, Sandra  1244, 608
Bonnet, Emmanuel  776
Bonney, Joseph H. K.  482
Bontje, Daniel M.  1250
Bonu-Ire, Martin  130
Boodoo, Richard  262
Boonyuen, Usa  355
Boothe, Emily  1888
Bopp, Selina  1469, 1488, 48
Borbor-Cordova, Mercy J.  1423, 

1793
Borchert, Matthias  1182
Borges, Iara A.  1114
Borges, Valéria M.  1092
Borrego, Andrea B.  964
Borrini Mayori, Katty  103, 1754, 

1756
Borrow, Ray  1019, 1325

Borum, Marie  471
Bosco-Lauth, Angela M.  793
Bosire, Rodney  1769
Botchway, F  204
Botchway, Felix A.  318
Botta’, Giordano  1389
Bottazzi, Maria Elena  1747, 463, 

1289
Bottomley, Christian  283
Bouckenooghe, Alain  774
Boudet, Florence  553
Boudko, Dmitri Y.  1350
Boudova, Sarah  1265, 1602, 1646, 

927
Bougma, Windtaré R.  1227
Bougouma, Edith C.  853
Boukary, Rahamatou  1019
Boulos, Marcos  1487
Boum II, Yap  1575, 292
Bouraima, Aziz  1239
Bousema, Teun  1208, 1215, 1574, 

1598, 298, 559, 564, 588, 880, 
982

Boussaroque, Agathe  824
Boussinesq, Michel  1079, 1715, 

1716, 1717, 1721, 1815, 1818, 
459

Bouyer, Donald H.  61
Bowen, Richard A.  793
Bowers, Levi J.  399
Bowie, Aleah C.  666
Bowman, Natalie M.  103, 1085, 29
Bowyer, Georgina  1277, 1462, 

180, 182
Boyce, Ross  231
Boyer, Sébastien  116, 1239, 1369
Boyle, Charlie R.  1097
Boyle, Michelle J.  17, 329
Boyom, Fabrice F.  402
Bozdech, Zbynek  1873
Braack, Leo  300
Bracken, Tara C.  43
Brackney, Doug E.  1446, 1852
Bradley, Catherine  699
Bradley, John  1869, 601
Bradley, Mark H.  1338
Brady, Adam  1426
Brady, Molly  456
Brady, Oliver J.  437, 595
Braga, Cynthia  150
Brai, Bartholomew  1568
Brandão Filho, Sinval P.  1252
Brandful, James  482
Brando, Clara  1360
Brannock, Tracy A.  62
Brashear, Awtum  1490
Brasil, Patricia  1428
Bratcher, Jade  794
Brault, Aaron C.  1448, 1853, 

1856, 793
Bravo Nevarro, Roxana  29
Brazeau, Nicholas F.  882
Brazier, Andrew J.  626

Brazil, Reginaldo  100
Breiman, Robert F.  1203, 297, 417
Brelsford, Jill  471, 606
Brennan, Beth A.  309, 1622
Brenya, Ruth C.  351
Brett-Major, David  1268
Brevezosek, A  1659
Brewster, Jessica  1262
Brian, Iona  986, 987
Briand, Valérie  854
Brichard, Julie  1509, 741
Brickley, Elizabeth B.  1264
Bridges, Daniel J.  1567, 867
Bridgford, Jess  1873
Brieger, William R.  1181, 1655, 

1656, 1657, 315, 969
Brienen, Eric  51
Brienen, Eric A. T.  468
Briët, Olivier  1566, 614, 1239
Briggs, Melissa  307
Briggs, Neima  463
Brindley, Paul J.  1835
Brinkerhoff, Jory  543
Brissette, Catherine A.  701
Brito, Luana P. S.  1252
Brito, Maria das Graças  1745
Brito, Miguel  1067, 1796
Brnova, Jaroslava  1733
Brockley, Sarah  1648, 375, 985, 

991
Brockschmidt, Felix  1708
Brockstedt, Dirk G.  1647
Brod, Florian  986
Broeckel, Rebecca  41
Brogdon, William G.  1658
Bronzan, Rachel N.  1928, 506, 508
Bronzoni, Roberta V. de Morais.  

1435
Brooke, Basil  712
Brooker, Simon J.  1045, 227, 461, 

464, 51, 54
Brooks, Benjamin  1337
Brooks, Krista  62, 794
Brooks, Krista M.  
Brooks, Tim  1178
Brooks, W. Abdullah  1839
Brousse, Paul  308
Broutin, Hélène  1323
Brown, Andrea  384
Brown, Arthur E.  45
Brown, Evan  76
Brown, Hannah  1182
Brown, Heidi E.  704
Brown, Joelle  1208
Brownell, Jessica  1608
Brownstein, John S.  1457
Bruce, Jane  842
Brugnara, Carlo  1299
Bruls, Myriam  371
Brunette, Gary W.  1439, 437
Brunetti, Enrico  1696, 575
Brunk, Brian P.  922
Brust, Tarsis  1377

Bruxvoort, Katia  1522
Bryan, Christopher  1
Bryan, Patricia  1289, 463
Bryant, Juliet E.  660
Bryson, Lindsay  1514
Buatiche, Jesus Nazareth  1662
Bucheton, Bruno  1317
Buchwald, Andrea G.  599
Buchy, Philippe  1452, 590
Buck, Amy H.  443
Buckee, Caroline  616, 951, 1395, 

931
Buckeridge, David L.  685
Buckley, Renata  1209
Buckner, Frederick S.  1314
Budge, Philip J.  1843, 1886
Budke, Christine M.  1025
Buehler, Charlotte  32
Buekens, Pierre  1247
Buerfent, Benedikt C.  1241
Bufano, Meagan K.  397
Buff, Ann M.  297, 683, 960
Buffet, Pierre A.  1470
Buitrago, Sonia M.  1726
Bujard, Hermann  337
Bukrinsky, Michael I.  1835
Bulimo, Wallace  208
Bun, Rathvicheth  15, 323
Bunditvorapoom, Duangkamon  

1481
Bunn, Patrick  518
Buonomo, Erica L.  1291
Burchell, Ann  1735
Burga, Rosa  1670, 1797, 393, 394
Burgess, Deborah  1838
Burgess, Stacey L.  1136, 1291
Burgess, Timothy  1048, 648
Burgio, Gaetan  1873
Buriticá, Lucía  1632
Burke, Rachel M.  440
Burke, Robin L.  45
Burkett-Cadena, Nathan D.  725
Burkhard, Peter  376
Burkman, Erica  1724, 668, 1714
Burkot, Thomas R.  846
Burnett, Eleanor M.  1664
Burns, Matthew  867
Burr, Sarah  1319
Burri, Christian  1327
Burrows, Jeremy  852
Burton, Robert  1333, 1520, 1538, 

1543, 1734, 235
Burton, Robert A.  274
Burton, Timothy  127, 369, 950, 

1285
Busatti, Haendel  1137
Büscher, Philippe  878
Bush, Ruth L.  1692, 688
Bushdid, Paul  260
Bustos, Javier  1036, 1037, 572
Bustos, Javier A.  571
Butler, Brandi  1635, 941
Butler, Noah S.  558



A-596

The number(s) following author name refers to the abstract number.

astmh.org

Abstract Author Index

Butts, Jessica K.  1901, 885
Buxton, Samuel  609
Buza, Joram  1801
Bwalya, Benson  681
Bwanika, John Baptist  1507, 839
Byers, Antony  553
Bygbjerg, Ib C.  1489, 1694

C
Cabada, Miguel M.  472
Caballero, Alexi  738
Cabarca, Sindy  143
Cabello, Ines  1751, 1752
Cabezas, Cesar  565
Cabrera, Ana  350, 429
Cabrera, Lilia  1450, 1795
Cabrera, Marta  477
Cabrera, Mynthia  1490, 1491
Cabrera, Ricardo M.  1160
Cabrera-Mora, Monica  366, 367
Caccone, Adalgisa  545
Cáceres Rey, Omar  1088
Cademil, Abelard  1860
Cadet, Jean Ronald  897
Cai, Francisco  1395
Caicedo Burbano, Paola A.  1363, 

1366
Cain, Natalie A.  94
Cairns, Matthew  803, 615
Cairo, Cristiana  927
Cairo, Hedley  308
Cajal, Pamela  1289
Calcina, Juan  1036
Calcutt, Ainslie  60
Calderon Sanchez, Maritza  1095, 

1751, 1752, 1795
Calderwood, Stephen B.  1202, 

1861, 1862, 397, 392
Calla, Jaeson S.  1031, 1035
Callahan, Michael V.  1255
Calvert, Amanda E.  793
Calvo, Eric  636
Calzavara, Liviana  1735
Calzavara-Silva, Carlos E.  1832, 

755
Cama, Vitaliano  1450, 1926, 1929, 

1073
Camacho Burgos, Erwin  1401, 143
Camara, Cheikhou  824
Camara, Mamadou  1317
Camara, Oumou  1317
Camargo, Nelly  1826
Camargo, Rosina  1751, 1752
Camargo, Tarsila Mendes  988
Cameron, Ewan  296, 304
Campaore, Bertrand  776
Campbell, Corey L.  1196, 1852
Campbell, Danielle  1201
Campbell, Doreen  471, 606
Campbell, Karen M.  1436

Campbell, Lindsay P.  732
Campbell, Stewart  362
Campbell, Suzy  26
Campbell, Timothy C.  689
Campino, Susana  1829
Campino, Suzana  325
Campo, Brice  733
Campo, Joseph  559, 938
Campos, Kalina  424
Campos, Lucia M. M..  1221
Campos, Maribel  1219
Campos, Sergio R. S. L.  1413
Campos, Tais  517
Campos Ponce, Maiza  610
Canada-China Team,  1735
Canal, Enrique  406, 705
Canales, Marco  1155, 479
Canavati, Sara E.  8, 872, 9
Cancino, Marcela  1799
Cangalaya, Carla  1035, 1037, 

1036
Cano, Flora S.  340
Cano, Jorge  1045, 464
Cantera, Jason  476
Cantey, Paul  56, 1926
Canyon, Deon  766
Cao, Xiaohang  669
Cao, Yi  365
Cao-Lormeau, Van-Mai  765
Capan, Meskure  854
Capitan, Zeuz  1345
Capobianco, Marcela P.  324
Capobiano, Marcella P.  340
Captain-Esoah, Millicent  130
Caputo, Beniamino  1389, 635
Carabali, Mabel  1342, 1406, 1434, 

776
Caraballo, Elba  1412
Caraballo, Libardo  1053
Carabin, Hélène  573, 1039
Caramelo, Luiza C.  844
Caramico, Karina Almeida  988
Caranci, Angela  104
Carapetis, Jonathan  419
Cardenas, Jenny C.  120
Cárdenas, Washington B.  1423, 

687
Cardenas-Garcia, Brianda  478
Cardona-Castro, Nora M.  1726
Cardosa, Jane  751
Cardoso, Jedson F.  1465
Cardoso, Maria R. A.  1413
Carias, Lenore L.  940
Caridha, Diana  1525, 1531, 257
Carland, Corinne  85
Carlier, Paul R.  256
Carlow, Clotilde K. S.  1080, 448
Carlson, Margaret  1010
Carlton, Jane M.  920
Carmolli, Marya P.  1220, 1408, 

1411, 1700
Carpi, Giovanna  545
Carpio, Arturo  1032

Carrasco, Adela J.  1160
Carrasco, Alison  161
Carrasco-Escobar, Gabriel  303, 567
Carrera, Jean Paul  1421, 744, 

1461
Carrilho, Carla  1269, 618
Carrion, Gladys R.  785
Carroll, Darin  1454, 1455, 791
Carroll, Lauren  685
Carter, Dariyen  1635, 1648, 878, 

941, 991
Carter, Darrick  1649
Carter, Gary  1183
Carter, Jennifer M.  1833
Carter, Jessica  1723
Carter, Joseph  1188, 241
Carvalho, Ana W. S.  1252
Carvalho, Augusto  1848
Carvalho, Edgar M.  1083, 1745, 

1848, 517, 519, 521, 1849
Carvalho, Francisco G.  1252
Carvalho, Leonardo J. M.  1529, 

321, 942
Carvalho, Liege  1428
Carvalho, Lucas P.  517, 521, 1848, 

519
Carvalho, Luzia H.  340
Carvalho, Noemia B.  1101
Carvalho, Rita C. F.  1125
Carvalho, Sonia P.  1819
Carvalho, Valéria L.  1465
Casandra, Debora  1493
Casapia, Martin  462, 857
Casimiro, Danilo R.  760
Cassama, Eunice  1319
Cassera, Maria B.  256
Cassiano, Gustavo C.  324, 340, 

321
Cassone, Bryan J.  1191
Castañeda, Benjamin  1910	  
Castaneda-Casado, Pablo  260	
Castellanos, Alejandro  1510, 1746, 

1913
Castellanos, Angélica  1571, 1632, 

314, 1584
Castellanos-Gonzales, Alejandro  

1149, 1292, 395
Castilho, Vera L. P.  1151
Castillo, Andreina  919
Castillo, Paola  1269, 618
Castillo, Roger  166
Castillo, Ruth M.  1750
Castillo-Neyra, Ricardo  1116, 

1756, 95, 99, 1754
Castonguay-Vanier, Josee  423
Castro, Arnold  1680
Castro, Enrique  1571
Castro, Maria del Mar  1748
Castro-Llanos, Fanny  1357, 729
Casulli, Adriano  575
Cataccora Rospigliossi, Andy  95
Catteruccia, Flaminia  126, 1361, 

1387, 1390, 1395, 1890, 633

Cauchemez, Simon  139, 36, 773
Caugant, Dominique  1324
Caughlin, Trevor T.  612
Caulfield, Laura E.  1864
Cavalcanti, Marta G.  539
Cavalcanti, Milena P.  1252
Cavanagh, David R.  1176
Ceesay, Serign J.  1582, 889
Ceesay, Sukai  213
Cejas, Rosa G.  477
Celes, Fabiana S.  1092
Celestino, Daniela  521
Celhay, Olivier  963, 999
Cerami, Carla  625
Cercone, Emily  1839
Cerpas, Cristhiam  761
Cerqueira, Dominique  289
Cerqueira, Gustavo C.  583
Cespedes, Manuel  786
Cespedes, Nora  1632, 368
Cestari, Igor  1922
Cevallos, William  1306, 22
Cha, Sung-Jae  1297
Chabadova, Maria  493
Chabi, Joseph  351
Chacky, Frank  386, 1905
Chadewa, Jasmine W.  680
Chaffa, Evelyne  67
Chagas Disease Working Group in 

Arequipa, Peru  1758
Chaisathit, Chaiyaporn  323
Chaki, Prosper P.  598
Chakraborty, Poulomy  1792
Chakravarty, Sumana  1014, 1204, 

1596, 1635, 1638, 1639, 1647, 
377, 46, 938, 939, 941, 989

Chalira, Alfred  307
Chalker, John  1185
Chalon, Stephan  1207, 852, 857, 

860
Chalwe, Victor  1218, 278
Chambers, Eric W.  1405
Champouillon, Nora  1804
Chamrouen, Sok  912
Chams, Linda M.  1170, 1171, 

1768
Chan, Benedict Shing Bun  88
Chan, Chung-Hong  88
Chan, Jo-anne  11
Chan, Kuan Rong  165
Chan, Ricky  202
Chanarat, Nitima  10, 1132, 323
Chandel, Kshitij  1374
Chandler, Clare  1523, 1699, 279, 

357
Chandna, Arjun  1560,
Chandramohan, Daniel  1494, 

1498, 684, 803, 842
Chang, Aileen  570
Chang, Howard H.  1897
Chang, Hsiao-Han  584
Chang, Michelle  1212, 1229, 876, 

895, 897



A-597

The number(s) following author name refers to the abstract number.

astmh.org

Abstract Author Index

Chang, Michelle A.  1875, 947
Chang, Ming  248
Chann, Soklyda  10, 1479, 15, 

1502, 323, 862
Chansa, Geoffrey  1876
Chanthavanich, Pornthep  779
Chanthongthip, Anisone  423
Chanudom, Ponsa  10
Chao, Chien Chung  96
Chaorattanakawee, Suwanna  323, 

802
Chaparro, Pablo  1577, 1584
Chaperouge, Alex  1137
Chaponda, Mike  111, 1567, 1867, 

1876, 903
Chapotera-Kalanda, Gertrude  851
Char, Chuor  1904
Charbonneau, Mark  1006
Chareonviriyaphap, Theeraphap  

289
Charlebois, Edwin  1210
Charles, Richelle C.  1202, 397, 392
Charlwood, Derek  1870
Charman, Nikki  1347, 1619, 971
Chatterjee, Debasmita  398
Chatterjee, Soumya  1842
Chaudhry, Suchita  927
Chauhan, L. S.  1459
Chauhan, Virander  938
Chaumeau, Victor  289
Chaurasiya, Narayan D.  1535, 970, 

1528
Chavchich, Marina  1874, 262
Chaverra-Rodriguez, Duverney  

1364
Chaves, Bárbara A.  755
Chawla, Bhavna  1153
Chea, Sokha  1452
Cheah, Phaik Yeong  1335
Chebon, Lorna J.  208, 850, 211
Checkley, Lisa  1293, 1826
Cheeseman, Ian H.  1589, 1826, 

583
Cheke, Robert  1721
Che-Mendoza, Azael  723
Chen, Angelica  1323
Chen, Beth  991
Chen, Cheng  1680
Chen, Edwin  1643, 557, 940
Chen, Hua-Wei  1678
Chen, Ingrid  1208
Chen, John J.  335, 932, 933
Chen, Lin H.  646
Chen, Nanhua  1874
Chen, Po-Chih  750
Chen, Shicheng  1362
Chen, Tien-Huang  164
Chen, Wei-June  164
Chen, Wenjun  1156
Chen, Xiaoguang  1381, 1382
Chen, Zhenguo  1256
Chenet, Stella M.  226, 565
Cheng, Hua  1735

Cheng, Qin  1874, 355, 845
Cheng, Yao-Chieh  1719
Chern, Andy  62
Cheruiyot, Agnes  211
Cheruiyot, Agnes C.  850
Chery, Laura  1474, 626
Chesnais, Cédric B.  1716, 1815, 

459
Chesnokov, Olga  261, 1526
Cheung, Chi-Ngai  88
Cheung, Grace  1895
Chevalier, Frédéric D.  1158, 1780, 

1781, 1782, 669, 671
Chew, Glen  678
Chiang, Yi-Hsuan  164
Chibsa, Sheleme  1372, 269
Chibwe, Kennedy M.  698
Chibwe, Misho  30
Chico, Martha  52, 649
Chico, R. Matthew  222
Chidlow, Glenys  770
Chiduo, Mercy  1558, 900
Chiduo, Sarah  1558, 833, 843, 

900, 910
Chieffi, Pedro Paulo  474
Chiegil, Robert  483
Chifisi, Rhoda  682
Chigaru, Lario  33
Chigusa, Yuichi  531, 532
Chikara, Surendra  1909
Chikawe, Maria  1062, 1065, 1687, 

1722, 1816, 1817, 505
Chikezie, Ifeanyi  483
Childs, Lauren M.  1395, 616
Chile, Nancy  1038
Chillag, Kata  1177, 80
Chimbiya, Nelson  599
Chimuna, Tiyese  1127, 841
Ching, Wei Mei  96, 1678
Chinkhumba, Jobiba  307
Chinnasamy, Ramesh  758
Chinnawirotpaisan, Piyawan  184
Chinnawirotpisan, Piyawan  739, 

783
Chiodini, Peter  1178, 1804, 845
Chipeta, James  361
Chipeta, Michael G.  285
Chiphwanya, John  1393
Chitale, Rohit A.  1736
Chitnis, Chetan  1553, 938
Chitnis, Nakul  952
Chiu, Charles  187
Chiu, Wah  140
Chiu, Wei-Wei  415
Cho, Alice  172
Cho, Thein  1266
Chochua, Sopio  1770
Choi, Diane B.  1368
Choi, Jeong  1085, 29
Choi, Ryan  861
Choi, Young-Jun  1883
Chokephaibulkit, Kulkanya  162, 

172

Chomba, Lambwa  1788
Chongsuvivatwong, Virasakdi  1166
Cho-Ngwa, Fidelis  1072
Chongwe, Gershom  1165
Chonsawat, Putza  838
Chookajorn, Thanat  1481, 1878
Chopra, Ashok K.  1014
Chorazeczewski, Joanna  44
Chotivanich, Kesinee  1172, 1481, 

1829, 1873
Chotpitayasunondh, Tawee  178
Choudhary, Shivani  609
Choudhury, Feroza K.  1199
Chounna Ndongmo, Patrick N.  

1717
Chour, Char Meng  585
Chowdhury, Fahima  1861, 1862
Chretien, Jean-Paul  1736
Christian, David  1845
Christian, Elizabeth A.  549
Christiansen, Michael  981, 983
Christiansen, Mikkel  1386
Christofferson, Rebecca C.  39, 

1889
Christophel, Eva  1904
Christophides, George K.  1365, 

870
Chu, Brian  1059, 1229, 458
Chu, Haiyan  168
Chu, Virginia M.  102, 731
Chu, Winnie  1693, 442, 687
Chuang, Ilin  814
Chuansumrit, Ampaiwan  162
Chukwekezie, Okechukwu  1392
Chukwuocha, Adanna N.  1169, 

354
Chukwuocha, Uchechukwu M.  

1169, 354
Chung, Hyun J.  1202
Chuor, Char Meng  10, 15, 802
Churcher, Thomas S.  1642, 1818, 

560, 880, 982
Churgin, Matthew A.  1777
Chusri, Sarunyou  1166, 1789
Chutasmit, Kitipumi  1829
Cibulskis, Richard  1617, 230, 962
Cicatelli, Susan B.  1276
Cichewicz, Robert H.  1534
Ciglenecki, Iza  1460
Cimino, Rubén  1089, 1289
Cisney, Emily  1433
Cissé, Assana  573
Cisse, Badara  1348, 1626, 1903, 

270, 271, 1302, 272, 363, 975
Cisse, Kadidia B.  1601
Cisse, Moussa B.  720
Cisse, Moustapha  1626, 1652, 

242, 310, 311, 353, 975
Cissoko, Mody  1563
Cisteró, Pau  1553, 1553, 938
Cysticercosis Working Group in 

Peru  1031, 1036, 1035, 571, 
572

Clapham, Hannah  1429, 1431, 
593, 170, 591

Clare, Rachel  1078
Clark, Daniel  1085, 29
Clark, Heather  1670
Clark, Jeffrey N.  1723
Clark, Leslie  1704
Clark, Taane G.  325, 918
Clark, Tamara D.  1210
Clarke, Ed  363
Clarke, Siân E.  1184, 1800
Clarkson, Christopher S.  1286
Clasen, Thomas F.  579
Clavería, Isabel  510
Cleary, Thomas G.  1009
Cleaveland, Sarah  1105
Clementino, Marco A. F.  1012
Clements, Archie  26
Clements, Michelle  1822, 536
Co, Katrina  1358
Coalson, Jenna E.  599, 654
Coberly, Jacqueline S.  689
Coble, Katie A.  1692
Coe, Megan  682
Coehlo, Giovanini  1419
Coelho, Caio A. S.  147
Coelho, Camila H.  1137
Coelho, Giovanini E.  1415
Coffeng, Luc E.  1250, 1715, 55, 

1721
Coffey, Lark L.  741
Coffin, Jeanette M.  1183
Cohan, Deborah  1210
Cohee, Lauren M.  599, 654
Cohen, Jessica L.  1519
Cohen, Joe  1276
Cohen, Justin M.  1301, 1514, 

1542, 1554, 823, 863, 876, 866
Cohen, Justine M.  1536
Cohn, Daniel  1231, 456
Cohnstaedt, Lee W.  1855
Cohuet, Anna  559, 560, 982
Cohuo-Rodriguez, Azael  117
Colacicco-Mayhugh, Michelle G.  

1403
Colaco, Rajeev  268
Colanzi, Roni  1085, 29
Colas, Romain A.  636
Coldiron, Matthew  1906
Colebunders, Robert  1069
Colé Lô, Amy  1610
Coleman, Carie  331
Coleman, Jane  388
Coleman, Marlize  502
Coler, Rhea N.  1850
Colford, Jr., John M.  579
Colgate, E. Ross  1700
Colgate, Elizabeth R.  1411
Colgate, Ross  1863
Collard, Alix  1219, 163
Collard, Jean-Marc  1019
Collé Lô, Aminata  249
Coller, Beth-Ann G.  1222, 760



A-598

The number(s) following author name refers to the abstract number.

astmh.org

Abstract Author Index

Colley, Daniel G.  1243, 1785, 1833
Colley, Gretchen  1851
Collins, Frank H.  1386, 846
Collins, Katharine  860
Collins, Okoyo  464
Coloma, Josefina  622, 764
Colpitts, Tonya M.  120, 1394, 746
Colwell, Rita  1007, 1790
Comer, Eamon  1206, 1527
Comfort, Alison  681
Comoe, Esther  1822
Compaore, Daniel Y.  818
Compaoré, Guillaume  1049
Conceicao, Luciana M.  340
Conceição, Leia  1161
Conceição, Luciana M.  324
Concha Velasco, Fatima R. -.  1091
Condo Jeanine, Jeanine  1340
Condori, Beth J.  1038
Condori, Carlos  99
Condori, Cesar  1011
Condori Pino, Carlos  103, 1754
Cong Khan, Nguyen  610
Conley, Jason M.  1377
Conn, Jan E.  102, 731, 125
Connell, Nancy  1681
Conner, Ruben  1546, 1626, 975
Connolly, Kristen M.  371
Connor, Bradley A.  1005, 1272, 

646
Conrad, Melissa D.  1875, 227, 

807, 811, 809
Conron, Emily  694
Conroy, Andrea L.  429, 629
Constenla, Dagna  1415, 1417, 

1418, 1419
Conteh, Abdulai  1930
Conteh, Lesong  1348
Conteh, Solomon  1648, 878
Contreras, Carmen A.  1009
Contreras-Mancilla, Juan  567
Conway, David J.  194
Conway, Michael J.  746
Cook, Darren  645, 730
Cook, Elizabeth A.  662
Cook, Jackie  268, 601, 657
Cooke, Elizabeth A. J..  5
Cooke, Graham  1277
Cool, David R.  98
Cooley, Gretchen  1680, 56
Cooper, Caitlin  43
Cooper, Philip J.  52, 649, 661
Cooper, Roland A.  807, 1531
Coosemans, Marc  1213
Coote, Jessica  1118
Coppens, Isabelle  1205
Corbel, Vincent  1239, 289, 67
Cordeiro, Marli T.  150
Cordova, Ezequiel  1143
Corey, Brendan  57
Corey, Kristin  719
Corey, Victoria C.  1206, 1533, 

1827

Cornejo del Carpio, Juan G.  95
Cornillot, Emmanuel  12
Corral, Marcelo A.  474
Correa, Edwin  1011, 1667
Correa-Oliveira, Rodrigo  1832, 606
Corredor-Medina, Claudia  1658
Corstjens, Paul L. A.. M..  1837
Cortés, Sebastian  174
Cortez, Valerie  406
Corti, Marcelo  1143
Cortis, Giles  728
Cosmas, Leonard  297, 788
Cossio, Alexandra  1739, 1748
Cossio-Duque, Alexandra  1750
Costa, Adriana  1137
Costa, Angela A.  1413
Costa, Germano  523
Costa, Rubia  521
Costa, Silvia F.  474
Costa-Nascimento, Maria J.  844
Cot, Michel  428, 854, 968
Cotrim, Denise  1428
Cotte, Annett  885, 1369
Cotter, Chris  1552, 656, 865
Cottrell, Gilles  968
Coudeville, Laurent  1223, 1437
Coulibaly, Aboubacar S.  853
Coulibaly, Boubacar  337
Coulibaly, Drissa  1563, 1606, 835, 

921, 978
Coulibaly, Jean T.  1273, 1821
Coulibaly, Mamadou B.  1279, 

1398
Coulibaly, Michel E.  1690, 727
Coulibaly, Moctar  834
Coulibaly, Nadine  1211
Coulibaly, Siaka Y.  1690, 727
Coulibaly, Yaya I.  1690, 727
Courtenay, Orin  1252
Coutrier, Farah  656, 865
Covini, Ilaria  575
Cowan, Graeme J.  1176
Cowardin, Carrie  1291
Cowgill, Karen D.  1069, 414
Cowley, Daniel  1013
Cowman, Alan F.  631
Cox, Jonathan  1560, 282
Cox, Jonathon  355
Cozijnsen, Anton  362
Crabtree, Jean E.  1450
Crabtree-Ide, Christina  582
Craciunoiu, Sarah  1722, 505
Craft, David  1670, 1797
Craig, Allen S.  388
Cramer, Jakob  646
Cravo, Pedro  1487
Crawford, Forrest W.  1671
Crawford, Katrina  1021
Crawshaw, Alison F.  999
Crellen, Thomas  1824
Crepaldi, Frederico  1137
Crespo, Benigno  800
Criado, Paulo R.  1151

Crisanti, Andrea  1598
Criscione, Charles  664
Cristina Guerra-Giraldez, Cristina  

1035
Croll, Roger P.  1783
Crombe, Florence  113
Crompton, Peter D.  1614, 1614, 

339, 902, 1609, 336, 934
Crooks, Philippa  1788
Crotty, Shane  552
Crowley, Kathryn  1685, 1686, 

1687, 1688, 503
Crowley, Valerie M.  429
Crowther, Gregory  281
Crump, John A.  1105, 1326
Cruz, Cristhopher D.  778, 1764
Cruz, Luis Afonso  1161
Cruz-Correa, Jesús  1422
Cuellar, Adriana  1759
Cuervo-Pardo, Lyda  1750
Cueto, Carmen  1550, 1579, 655
Cueva, Cinthya K.  1423
Cui, Liwang  1383, 1490, 1491
Cullen, Karen A.  808
Cummings, Derek  139, 1429, 

1431, 36, 1427, 170, 591, 593
Cummings, James  814
Cummings, Richard D.  1785
Cunha, Aline F. Araujo.  539
Cunha, Janaiara A.  942
Cunningham, Deirdre  926
Cunningham, Elizabeth  682
Cunningham, Jane  1804
Curiel, David  366, 367
Curriero, Frank C.  1567, 1867, 

879, 903, 877, 886
Curtis, Kurt C.  1885
Curtis-Robles, Rachel  664
Cutts, Julia C.  362
Cysticercosis Working Group in 

Peru,  1037, 1034
Czabotar, Peter E.  631
Czesny, Beata  992

D
Da, Dari F.  560, 982
Dabbs, Rebecca  987
Dabira, Edgard  1215
Dabiré, Roch K.  1192, 1234, 1281
Dachlan, Sopiyudin  864
Dada-Adegbola, Hannah O.  1498, 

1603
Dadi, David  386
Dadi, Netsanet H. D.  1409
Dadzie, Samuel  130, 351
Dagnon, Fortune  1188, 241
Dai, Weili  1648, 375
Daimon, Lugano  657
Daitta, Mathurin  1399
Dakorah1, Elijah A.  130

Dale, Martin  967, 971, 972
D’Alessandro, Umberto  1018, 113, 

1215, 1582, 1676, 232, 303, 
371, 529, 804, 848, 871, 1399, 
888, 1213, 1615, 213, 653, 889

D’Alessio, Flavia  363, 1201
Dalgaard, Marlene  1500
Dalipanda, Tenneth  750
Dalli, Jesmond P.  636
Dalrymple, Ursula  304
Dalton, John P.  1787
Dama, Souleymane  820
Damania, Ashish  1289
Damas, Deogratias  1062, 1686, 

1687, 1688, 1722, 505
Damasceno, Leonardo  523
Damasceno, Luana S.  1428
Damayanti, Rita  1338
D’Ambrosio, Michael V.  1273
Damien, Barikissou B.  67
Damon, Inger K.  791, 1455
Danforth, Mary E.  1447
Dang, Duc Anh  771
Dangour, Alan  823
Dani, Francesca  635
Daniel-Ribeiro, Claudio T.  321, 942
Daniels, Rachel F.  1218, 584, 827, 

931, 312, 875
Dann, Sara M.  395
Danso, Ebrima  625
Danso, Godfred F.  404
Dantas, Gautam  1795
Dantzler, Kathleen W.  18
Dao, Francois  834
Dao, Sounkalo  858
Daou, Modiba  835
Daou, Modibou  1563
Daouda, Ndiaye  1497
Daoust, Patricia  682
Dara, Antoine  835, 923
Dara, Niawanlou  820, 834
Darboe, Bakary  625
Darbro, Jonathan  1237, 1806
Darcy, Andrew W.  568
Dardzinski, Bernard J.  1077
Daré, Aboudou  527
Daring, Geraldo  1345
Darling, Anne M.  429
Daro, Kim  912
Darveaux, Blaise  1723
Das, Kishor K.  580
Das, Pradeep  502
Das, Satadal  398
Das, Smita  111, 122, 1538, 1543, 

836
Das, Sudipta  1205
Das, Suman  1255
Das, Sumon K.  28
Das Gupta, Rudraprakash K.  502
da Silva, Juliana D.  69
DaSilva, Alexandre J.  808
Da Silva Castanha, Priscila M.  150
Datagni, Gbati M.  506



A-599

The number(s) following author name refers to the abstract number.

astmh.org

Abstract Author Index

Date, Kashmira  1664
Datta, Dibyadyuti  361
Daubenberger, Claudia  1294, 1633
Daud, Ibrahim I.  331
Daugla, Doumagoum Moto  1324
Dauner, Allison  759
Davey, Gail  1045, 495, 68, 70, 72
David, Michael C.  663
Davidson, Edgar  1, 1858, 549
Davidson, Jenna  846
Davidson, Silas  1275, 1278, 352, 

1276
Davidson, Whitni B.  791, 1454
Davies, Huw D.  1609
Davies, Jill  1076
Davies, Stephen J.  1831
Davis, Jenna  25
Davis, Timothy M. E.  215
Davong, Viegmon  423
Davun, Holl  1452
Dawood, Fatimah S.  178
Day, Karen P.  216
Day, Nathan  313
Day, Nicholas P.  254, 943, 1829, 

214, 13
Daza, Glenda  248
de Alcântara, Marcelo H.  507
de Almeida Oliveira, Giselle de  636
de Alwis, Ranjith  1658
Dean, Hansi  550
Dear, Nicole F.  1866, 654
Deason, Nicholas A.  846
Deborggraeve, Stijn  419
Debot, Margot  1645
Debrah, Alexander Y.  639, 443, 

1708, 1709
de Carvalho, Camila A.  1099
de Carvalho, Julie  1545
De Castro Catão, Rafael  147
Dechavanne, Célia  1599, 1600
Dechavanne, Sebastien  940
Decuypere, Saskia  419
de Dood, Claudia J.  1837
Defang, Gabriel  1129, 1180
DeFilippis, Victor  41
DeFrancesco, Alicia  1004
de Franco, Marcelo d.  964
Degaffe, Guenet  1729
de Gier, Brechje  610
de Glanville, William A.  5, 662
Degner, Ethan C.  1805
De Groot, Anne S.  1650
Dehesh, Katayoon  1353
Deiss, Robert G.  1048
Deitz, Kevin C.  1388
de Jesus, Adriana  523
Dejon Agobe, Jean Claude  1651
Dek, Dalin  220
Dela, Helena  1023, 1677
De La Barrera, Rafael  1219, 163
De La Vega, Patricia  1638, 561
Del Bianco, Gabriela  1729
De León, Yéssika  745

della Torre, Alessandra  1389, 635
Dellicour, Stephanie  848
del Mar Castro, Maria  1750
De los Santos, Maxy  1913
de los Santos, Tala  1070, 1075, 

476
del Valle, Juana  401
Del Valle-Mendoza, Juana  1113, 

1766
Delves, Michael  993
Demar, Magalie  308
Demas, Allison  1469, 48
de Mast, Quirijn  433
de Matos, Haroldo J.  1679
Dembele, Adama  1601
Dembele, Massitan  727
Dembele, Rokiatou  618
Deme, Awa B.  218, 312, 827
Demilew, Ermias  1515
Deming, Michael  1063, 1227
Deming, Regan  117
Demissie, Gelila  1438
De Mol, Patrick  290
DEN-203 Study Group  1224
Deng, Bingbing  369, 950
Dengela, Dereje  1372, 720
Denis, Mey Bouth  9
Deniskin, Roman  258
Denlinger, David L.  1351
Dennison, Nathan J.  1197
Denon, Yves Eric  244
Dent, Arlene  21, 331
Denton, Jerod S.  715
Dentz, Holly  579
Deol, Arminder K.  1823, 537
de Oliveira, Camila I.  1092
de Ory, Fernando  744
Deparis, Xavier  765
Derbew, Miliard  1328, 1343, 690
Deribe, Kebede  1045, 72
De Rissio, Ana María  1851
DeRoo, Sarah S.  923
Desai, Darash  698
Desai, Meghna  297, 597, 883, 

911, 960, 683
de Savigny, Don  959
de Silva, Aravinda M.  1416, 552, 

548, 550
de Silva, Aruna D.  552
de Silva, Vipula C.  1102
De Silvestri, Annalisa  575
Desir, Luccene  1059, 1229, 1814
Deslouches, Yves Gaston  1664
de Smet, Martin  1906
Desprès, Philippe  765
Desruisseaux, Mahalia  1086, 1175
Destura, Raul V.  153
Devine, Greg  1310, 1806, 1237
de Vlas, Sake J.  1022, 1250, 1679, 

1715, 55
Dewey, Kathryn  1006
Dey, Nilay  515
Dey, Ranadhir  520

Dhanaraj, Prabakaran  1560
Dhar Chowdhury, Parnali  780
Dhariwal, Akshay C.  502
Dhiman, Monisha  1753
Dhorda, Mehul  1829, 943
Dia, Anta Tal  192
Diabaté, Abdoulaye  1192, 1234, 

1281, 1890, 633
Diaby, Alou  826
Diagne, Nafissatou  381
Diakite, Mahamadou  1260
Diakite, Moussa L.  1576, 990
Diakité, Nouman  1901
Diakite, Seidina A. S.  1260
Diakité, Souleymane  1901
Diallo, Abdallah A.  727
Diallo, Abdoulaye  270, 271, 272
Diallo, Bouubakar  858
Diallo, Diakalia  602
Diallo, Diawo  192
Diallo, Ibrahima  1652, 242, 310, 

311, 353
Diallo, Kanny  1018, 1324
Diallo, Mawlouth  192
Diallo, Mouctar  602
Diallo, Nouhoum  834
Diamond, Michael  41
Diarra, Amidou  564, 853
Diarra, Bakary S.  1601
Diarra, Ibrahim  1624, 602
Diarra, Issa  1563, 835
Diarra, Youssouf  1496
Diatta, Bakary  824
Diatta, Mathurin  113
Diawara, Fatou  602
Diawara, Halimatou  1208, 602
Diawara, Sory I.  1583
Diaz, Clemente  1219
Diaz, Yamilka  1410, 1461, 1421
Díaz-Quijano, Fredi A.  1432
Dibernardo, Antonia  780
Dickinson-Copeland, Carmen  1618
Dicko, Alassane  1208, 1264, 1601, 

1624, 602
Dicko, Ilo  1690, 727
Dickson, Benjamin F. R.  1813
Dickson, Dorothy M.  1411, 1700, 

1408
Dickson, Emmanuel K.  194
Dickson, Laura B.  1196
Diclaro, Joseph W.  351, 737
Didier, Bradley  863
Diedhiou, Younouss  826
Diehl, Sean A.  1408, 1700, 1220, 

1411
Dieleman, Joseph L.  277, 674, 35
Diémé, Yaya  824
Diemert, David  471, 606
Dieng, Thérèse  1610, 467
Dieng, Yémou  1610, 467
Dierickx, Susan  1213, 1615, 653, 

871
Dieringer, Kate  76

Diesburg, Steven  1333, 1734
Dietrich, Jes  60
Dieye, Baba  218
Dieye, Tandakha  931
Dieye, Yakou  1544, 1626, 1903, 

975
Diggle, Peter  1559, 651
Diggle, Peter J.  285
Diggs, Carter  1278
Dijkhuizen, Marjoleine A.  610
Dillip, Angel  598
Dillon, Brian E.  327
Dimitrova, Kristina  740
Dimopoulos, George  1197, 1363, 

634
Ding, Xavier C.  1489, 249, 845
Dingemanse, Jasper  1488
Dinglasan, Rhoel R.  1360, 946, 

993
Dinguirard, Nathalie  1779
Dinh, Ha S.  906
Dionne, Pierre  824
Diop, Samba  858
Diosque, Patricio  1089
Dioubaté, Mohamed  1901
Diouf, Ababacar  1260, 369, 931, 

950
Diouf, Ibrahima  1610
Diouf, Lamine  353
Diouf, Mamadou L.  1652
Diouf, Mamadou Lamine  242, 311
Diouf, Mame Birame  310, 311, 

826, 353
Direny, Abdel  1229, 1814, 1059
Di Santi, Silvia M.  1487, 844
Dismer, Amber  1664
Dissanayake, Gunawardena  1372, 

269, 14
Dissanayake, Harsha  1259
DiTanna, Gian Luca  1215, 888, 

1399
Ditsungnoen, Darunee  178
Dittrich, Sabine  542
Diuk-Wasser, Maria  545
Divala, Titus  1265, 1602, 1646, 

927, 485
DiVita, Margaret A.  1839
Dixit, Amruta  956
Djenontin, Armel  67
Djimde, Abdoulaye  1211, 820, 

834, 966
Djimde, Moussa  820
Djontu, Claude  489
Djontu, Jean-Claude  1597
Djossou, Felix  308
Djuardi, Yenny  468, 501
Dlamini, Bongani A.  1536
Dmitriev, Igor  366, 367
Dobaño, Carlota  371, 938
Dobbin, Caroline  860
Dobbs, Katherine  21
Dobinson, Hazel  1201
Doblecki-Lewis, Susanne  570



A-600

The number(s) following author name refers to the abstract number.

astmh.org

Abstract Author Index

Dobson, Andrew P.  1309
Dobson, Deborah E.  1316
Doctor, Stephanie  1557
Dodean, Rosie  1531
Dodo, Mathurin  1655, 969
Dodoli, Wilfred  307
Dodoo, Alfred K.  1322
Dodson, Brittany  1808
Doe, Henrietta T.  330
Doggett, Norman A.  1334, 1769
Doggett, Richard T.  1841
Dogovski, Con  1873
Doherty, Justin F.  647
Doktor, Katherine  570
Dolan, Stephanie  1347, 1619, 972
Dolenz, Charlotte  1214, 863
Dolgert, Drew J.  1755
Dolo, Amagana  1279, 1636, 928
Dolo, Housseini  727
Dombecki, Carey  1306
Domingo, Gonzalo J.  1070, 1075, 

1218, 280, 281
Domingues, Carla  1415
Donaldson, Melvin T.  1477
Donaldson, Ross  79
Dondji, Blaise  478
Dondorp, Arjen  1829, 214
Dondorp, Arjen M.  1873, 254, 

617, 872, 9, 943, 1172
Dong, Yi  161
Dong, Yuemei  1197
Dongus, Stefan  598
Donis, Ruben O.  193
Donkor, Martin N.  130
Donnachie, Elizabeth  1729
Donnelly, Christl A.  1443
Donnelly, Martin  113, 1389, 718, 

1286, 717
Donnen, Philippe  74
Donovan, Michael  1258
Donowitz, Jeffrey  1863
Doolan, Denise  830
Doranz, Benjamin J.  1, 176, 1858, 

38, 549
Dorda, Mehul  11
Dorigatti, Ilaria  594, 773
Dorkenoo, Améyo M.  1928, 506, 

508
Dorlo, Thomas C. P.  1748
Dorlo, Thomas P. C.  1090
Dormoi, Jérôme  1532
Dorn, Mauricio  1085, 29
Dorny, Pierre  573
Dorsey, Grant  1210, 1261, 1536, 

1614, 17, 1875, 227, 279, 283, 
313, 329, 332, 809, 811, 812, 
947

Doshi, Reena H.  1117, 1464, 1466, 
1684, 1702, 6, 77, 795, 799

Dosoo, David K.  240
Dotsey, Emmanuel Y.  1609
Doucoure, Elhadji  1626, 975

Doucoure, M’Bouye  1279, 990, 
1576

Doucouré, Souleymane  381
Dougherty, Michael W.  701
Douglass, Alyse  1608
Douglass, Janet  1813, 641
Douine, Maylis  308
Doumbia, Saibou  1260
Doumbia, Salif S.  727
Doumbia, Seydou  1398, 1583, 

1690
Doumbia, Sidy  1398
Doumbo, Ogobara K.  1211, 1563, 

1606, 1609, 1633, 339, 902, 
921, 978, 1279, 1576, 1624, 
1636, 820, 834, 966, 990, 835

Doumbo, Safiatou  902
Doumbouya, Mory  1260
Dowell, Floyd  1310
Dowler, Megan  1275, 352
Downs, Phil  1685
Doyle, Trevor B.  1377
Dozie, Ikechukwu N.  1169, 354
Drabe, Camilla H.  1694
Drábek, Elliott F.  1640, 921, 923, 

924
Drabo, Aly  870
Drakeley, Chris  1215, 1560, 1574, 

1598, 1614, 282, 298, 461, 564, 
588, 601, 918, 17, 279, 598, 
559, 355

Dramaix-Wilmet, Michèle  74
Drame, Papa Makhtar  67, 1812
Dranchak, Patricia  377
Draper, Simon  1462, 986, 987
Drebot, Michael  740, 780
Driss, Adel  318
Drum, Elizabeth T.  1328
Duan, Junhui  1635
Duangdee, Chatnapa  816
Dube, Queen  851
Dubensky, Thomas W.  1647
Dubey, Sheri A.  760
Dubhashi, Nagesh  1474
DuBow, Joshua W.  399
Dubrovsky, Larisa  1835
Duchars, Matthew  1256
Duda, Rosemary B.  1341
Dudova, Zuzana  492, 493
Duffy, Patrick E.  1264, 1279, 1476, 

1576, 1580, 1601, 1633, 1635, 
1636, 1647, 1648, 375, 941, 
985, 990, 1624, 1649, 878, 991

Dufour, Mi-suk Kang  866, 1536
Duggal, Nisha  1853, 1856
Dujardin, Jean-Claude  1318
Dull, Peter M.  423
Dumais, Mitchell  281
Duncan, Elizabeth H.  1278, 372, 

1641
Dundaiah, Somashekar  1459
Dunford, James C.  737
Dunne, David W.  1243

Dunn, III, William A.  632
Dunod, Corinne  1223, 553
Duong, Tran Thanh  804
Duong, Veasna  1452, 590
Duparc, Stephan  1209, 852, 857, 

889
Dupnik, Kathryn M.  432
Dupont, Catherine  661
Dupont-Turkowsky, J. Catherine  

406
Duprez, Jessica S.  1240
Duraisingh, Manoj T.  1299, 1473, 

894
Durand, David  1009
Durand, Salomon  1510, 1710
Durbin, Anna P.  1220, 1221, 1408, 

554
Durfee, Katelyn  827
Duris, Martin  1733
Durnez, Lies  1213
Durvasula, Ravi  1908, 722
Dutary, Sahir  1473
Duthie, Malcolm S.  1740, 1850
Dutra, Walderez O.  1849, 523
Dutta, Sheetij  15, 1645, 938, 978
Duvall, Jeremy  1527
Dwivedi, Ankit  12
Dye, John M.  4
Dykes, Cherry L.  717
Dysoley, Lek  1479, 1502, 862
Dzib-Flórez, Sergio  117
Dzimianski, Michael T.  1714, 444
Dzinjalamala, Fraction  847

E
E., Alyssa  334
Eapen, Alex  920
Eappen, Abraham  1639, 46, 561, 

989
Earle, Duncan  1544, 1626, 1903, 

975
Easom, Nicholas  434
Eastman, Richard T.  1173
Easton, Alice  461
Easton, Alice V.  54
Eastwood, Gillian  1104
Ebel, Gregory D.  1445, 1852, 762, 

1446, 1448
Ebels, Kelly  1126
Ebere, Nwabueze  1392
Eberhard, Mark  452
Ebuehi, Albert O.  929
Ecca, Claudio  1034
Echalar, Ricardo  1545
Echavarria, Maria I.  738
Echeverri-Garcia, Diego F.  846
Eckels, Kenneth H.  1219, 163
Eckert, Erin  602, 898
Eckhoff, Grace  397

Eckhoff, Philip A.  1548, 1551, 
1760, 584, 954, 956, 957, 958, 
799, 613

Eckley, Sean  1527
Eddie, Ricky  750
Edgel, Kimberly A.  1644
Edirisuriya, Chathura S.  1757
Edoh, Dominic A.  404
Edstein, Michael D.  262
Edwards, Kathryn M.  1770, 1840, 

1843
Edwards, Nick  1277
Egbo, Deborah  258
Egrot, Marc  67
Egu-Okoronkwo, Ngozi  1179
Egwang, Thomas G.  370, 374
Egyir, Beverly  404
Ehlers, Gerhard  728
Ehrenberger, Michelle  1484
Eisele, Thomas P.  1218, 278, 305, 

1625
Eisenberg, Joseph N. S.  22, 1306
Ejendal, Karin F.  1377
Ekali, Gabriel L.  1730
Ekawati, Lenny L.  869
Ekiyor, Christopher P.  354
Elaagip, Arwa  189
Elahi, Rubayet  316
Elanga, Emmanuel  67
Elbadry, Maha A.  155
Elder, Greg  1906
El-Din, El-Shiamaa M. Nour.  737
El Hag, Rehab  1453
Elizondo, Douglas  133
Eller, Dirli E.  1832
Elliot, Alison  434
Elliot, Karla P.  1136
Elliott, Suzanne M.  1207
Ellis, Michael W.  1021
Ellis, Ruth  1576, 990
EL Mohammady, Hanan I.  1453
Elphinstone, Robyn E.  1468, 629
ElRefaay, Samir  1129
El Rifay, Samir  1762
Elsinga, Jelte  175, 756
ElSohly, Mahmoud  1528, 1535
Elvington, Andrew  1918
Elyazar, Iqbal  864, 868
Embury, Paula  21
Emch, Michael  1557, 543
Emebuonye, Leslie  1514
Emegbuonye, Leslie  1301, 823
Emerson, Claudia  677
Emerson, Paul M.  1321
Emery, Aidan  1782
Emrich, Scott J.  1193, 1386, 1172
Emukah, Emmanuel C.  452
Enane, Leslie A.  1512
Enato, Izehiuwa G.  1494
Endersby, Nancy M.  713
EEndy, Timothy P.  1423, 500, 525
Enebeli, Ugo U.  1771
Eng, Matthew W.  1359



A-601

The number(s) following author name refers to the abstract number.

astmh.org

Abstract Author Index

Eng, Nina  1781
Engelke, Helen  1118
Engwerda, Christian  512, 518
Enquselassie, Fikre  1045
Enria, Delia  1856, 742
Enuameh, Yeetey  1305
Enya, Veronica  1568
Enyong, Peter  1717
Enzaru, Annet  1824
Epopa, Patric S. Ngomé.  1192
Epp, Christian  337
Epstein, Judith  1275, 1613, 1634, 

352, 1633, 1640
Epstein, Judith E.  anki, Ambika  

525
Erasmus, Jesse  140, 748
Erasto, Paul  1062
Erber, Astrid  1094
Ercumen, Ayse  25, 577
Erhart, Annette  1213, 303, 567, 

804
Ernst, Timo  770
Eron, Joseph J.  1737
Escalante, Ananias  1595, 919, 

1569
Escobar, Luis  1793
Escobedo-Vargas, Karin  1357, 729
Esemu, Livo  489
Esemu Forju, Livo  1597
Esi, Queen U.  169
Esione, Amarachi U.  1120
Esmail, Hanif  1178
Espada, Liz  100
Espinosa, Pablo  52
Espírito-Santo, Maria Cristina C.  

1697
Esquivel, Carlos J.  1191
Essel, Eunice  1046
Esterhuizen, Johan  676
Estes, Sue M.  624
Estiu, Guillermina  1172
Estrada, Ana L.  738
Estrada, Marcus  281
Estrella, Luis A.  1016, 1024
Estupinan, Liliana  738
Estupiñan Cárdenas, Maria I.  1055
Eswarappa, Meghana  136, 592
Etheart, Melissa  1664
Ettwiller, Laurence  448
EuPathDB team  922
Evans, Carlton A.  1763
Evans, Christopher C.  1714
Evans, Krystal  362
Evans, Jr., Thomas C.  448, 1080
Evelim Coelho, Giovanini  147
Eversley, Tatiana R.  787
Everts, Bart  1915
Ewer, Katie  1277, 1462, 180, 182, 

363
Existe, Alexandre  1212, 897
Eze, Ukamaka T.  452
Ezeabikwa, MaryFlora  452
Ezeamama, Amara E.  1727, 490

Ezeigwe, Nnenna  1392, 837
Ezeiru, Sonachi  837
Ezenduka, Ekene V. Phyllis.  66
Eziefula, Alice C.  1215

F
Fabbri, Cintia  742
Fabris, Paolo  1696
Fahmy, Nermeen T.  737
Fahy, Joan  1817, 1927
Fairfax, Keke C.  1918
Fairhurst, Rick M.  1173, 1260, 

127, 220, 940, 1829
Fairlamb, Alan  1741, 1914, 815
Fairley, Jessica K.  507
Faix, Dennis  794
Faiz, Md. Abul  1829
Falade, Catherine O.  1494, 1498, 

1603, 75, 825
Falco, Richard  543
Fall, Bécaye  1532, 824
Fall, Fatou B.  1626, 312, 584, 827, 

855, 975
Fall, Gamou  192
Fall, Mansour  824
Falla, Alejandra  1830, 586
Familiar-Lopez, Itziar  34
Fan, Erkang  1292, 1314, 861
Fançony, Cláudia  1796
Fanello, Caterina I.  13
Fang, Hanwei  1818
Fang, Rui  335, 932, 933
Fang-Yen, Christopher  1777
Fanouillere, Karen  1223, 553
Farag, Tamer H.  1203
Farias, Samela  1877
Farley, Linda  1220
Färnert, Anna  905
Farrant, Katie V.  1365
Farrar, Jeremy  617
Farrell, David  68, 495
Farrington, Lila  329
Faruk, Omar  1861
Faruque, Abu G. S.  27, 576
Faruque, Abul S. G.  28, 1010
Fasinu, Pius S.  1528, 1535
Fatiregun, Akinola  185
Faulx, Dunia  1070, 1075, 1126
Faust, Saul  1277
Faustino, Margot  1795
Fauver, Joseph R.  1446, 188, 762
Favero, Rachel  315
Fawzi, Wafaie W.  429
Fay, Michael P.  1260, 369, 950, 

1636, 1812
Faye, Babacar  1501, 1610, 242, 

249, 319, 363, 467, 845, 855
Faye, Ernest  1302
Faye, Farba  1626, 1903, 975
Faye, Ngor  381

Faye, Oumar  1610, 797
Faye, Ousmane  1373, 1690, 192, 

270, 272
Faye, Papa Coumba  1664
Fayette, Carl  1229, 1814, 1059
Febir, Lawrence G.  842, 997
Febo, Irma  1219
Fedders, Charlotte  1275, 1634, 

352
Feemster, Kristen A.  1512
Feeney, Margaret E.  1210, 17, 329, 

332
Feeser, Karla  1926
Fehling, Sarah Katharina  180
Feldmann, Heinz  3
Feldmeier, Hermann  1834
Felger, Ingrid  1262, 1263, 1555, 

1565
Felgner, Philip L.  1602, 1606, 

1609, 1614, 1646, 336, 339, 
943, 978, 559

Felix, Alvina C.  1413
Feng, Gaoqian  11, 16
Feng, Yuebiao  118
Feng, Zeng  1825
Feng, Zheng  1157
Fenimore, Paul W.  1334, 1769
Fenton, Elizabeth  80
Fenwick, Alan  1824, 1834
Ferdig, Michael  1293, 1829, 1826, 

1589
Fergus, Cristin A.  1617, 230, 962
Ferguson, Heather  1238
Ferguson, Neil M.  1443, 1562, 

594, 619, 773, 777, 953
Fernandes, Ana Paula  1137
Fernandes, Andrea  698
Fernandes, Fabio  1912
Fernandes, José F.  849
Fernandez, Cesar  64
Fernandez, Eduardo  491
Fernández, Facundo M.  819, 1489
Fernandez, Judy  537
Fernandez, Manolo  829
Fernandez, Maria Dolores  744
Fernandez, Marisa L.  1143, 1851
Fernandez, Roberto  100
Fernandez, Stefan  1433, 148, 170, 

171, 178, 184, 36, 591, 739, 
783

Fernandez de Cuadros, Carla  59
Fernandez-Sesma, Ana  1257, 1258
Fernandez-Velando, Esther  1620
Fernando, Charisma S.  1102
Fernando, Samitha  1259
Ferradas, Cusi  1795
Ferraz, Lorena C. Neres.  1832
Ferreira, José A. G.  507
Ferreira, Marcelo U.  925, 940, 

1605
Ferro, Santiago  1799
Ferrufino, Lisbeth  1085, 29
Ferrufino, Rosário Q.  1101

Fesobi, Olatoun  1568
Fessler, Abigail G.  1052, 1731, 500
Fèvre, Eric M.  5, 662
Fey, Julien  372
Fichera, Laura  1851
Fidelis Ferrão, Thiago  1099
Fidock, David A.  1488, 1873, 

1878, 1879, 1484
Fieck, Annabeth  1908
Field, Mark  1741
Field, Vanessa  646
Fieldhouse, Jane  1188
Fields, Barry S.  417, 1041, 1203
Fields, Paul  1054, 149
Figueiredo, Gerusa M.  1413
Figueiredo, Luisa M.  1921
Figueiredo, Walter M.  1413
Filbert, Francis  1558, 900
Filho, José Q.  63
Filippova, Svetlana  1014
Fillinger, Ulrike  1887
Findlow, Helen  1019
Findlow, Jamie  1325
Fine, Ian  843, 910
Finkelstein, Julia L.  1052, 1423, 

1693, 1731, 1773, 442, 500, 
687

Finkmoore, Brooke  76
Finn, Timothy  1625, 278
Finn, Tyler  1222
Firew, Heven Sime  480
Fischer, Elizabeth  991
Fischer, Kerstin  1226
Fischer, Peter U.  1074, 1226, 1883, 

1885, 1886, 1894, 465, 501
Fischer, Rebecca S. Bryson.  1015
Fishbaugher, Matthew  1613, 1826
Fisher, Ethan  1899
Fitzpatrick, Christopher  82
Fitzsimmons, Colin M. M.  1243
Flach, Clare  1302, 270
Flaherty, Patrick  668
Flannery, Luciana  246
Fleece, Molly E.  1154
Fleming, Fiona  1822, 536, 537, 

1228
Fletcher, Daniel A.  1273
Florence, Salvatore  627
Florentini, Alejandro  1038, 1795
Florentini, Edgar A.  1751, 1752
Flores, Carmen  705
Flores, Jorge  1085, 29
Flores-Mendoza, Carmen  1357, 

1367, 700
Florey, Lia  441, 81
Florey, Lia S.  898
Floridia-Yapur, Noelia  1089
Florin, David  700
Flower, Abigail  1050
Floyd, Jessica  1838, 615
Flueck, Christian  1879
Fobi, Grace  1715, 511
Fofana, Amfaal  113



A-602

The number(s) following author name refers to the abstract number.

astmh.org

Abstract Author Index

Fofana, Aminata  1211, 870
Fofana, Bakary  834, 856
Fokoli, Lawrence S. III.  737
Folefoc, Asongna  235
Foley, Desmond H.  737
Folly, Kouakou  855
Fomumbod, Enni  1638
Fong, Rachel H.  1, 38
Fongnikin, Augustin  1370
Fongoro, Sahare  858, 859
Fonseca, Ana Maria  1553
Fonseca, Jairo A.  366, 367
Fontana, Mary F.  17
Fonville, Judith  554
Foote, Simon  1873
Foran, David  735
Ford, Gavin W.  887
Ford, Louise  1076, 1078, 639, 

644, 645
Forde, Martin S.  1139
Forero-Peña, David A.  1632
Fornace, Kimberly M.  282
Fornadel, Christen  1372, 1392, 

720
Forouzanfar, Mohammad H.  1791
Forquer, Isaac  1531
Forrat, Remi  1223, 774
Forshey, Brett  166, 596
Fort, Robert  1604
Fortuny, Enzo  1085, 29
Foster, Jeremy M.  1882
Foster, Woody  993
Foster-Nyarko, Ebenezer  1018, 

1676
Fouet, Caroline  1810, 1892
Fowkes, Freya J. I.  11, 1266, 603, 

333
Fowler, Robert  1268
Fox, Christopher B.  981, 1647
Fox, Ellen C.  1831
Fox, LeAnne  1059, 1300
Fox, Matthew P.  623
Foy, Brian  1283, 1285, 880, 1354
Fraga, Carlo G.  606
Fraga, Valeria D.  324, 340
Frame, I.J.  258
Franca, Camila  830
França, Caio Martinelle  558
Franchard, Thierry  1511, 221, 302
Francis, Donald P.  1221
Francis, Filbert  1694
Franco, Leticia  1421, 744
Franco, Virginia  800
Franco de Andrade Jr., Heitor  1099
Francois, Jeannot  1664
Frangos, John  1529
Franke, Molly F.  1860
Fransis, Filbert  904
Fraser, Claire M.  924
Fraser, Ellen A.  1408
Fraser, Jamie  1048, 1663, 648
Frato, Gabriel  1604
Frawley, Hannah  504

Fredericks, Anthony  1257
Freeman, Andrew  1079
Freeman, Brandi  1086
Freeman, Brandi D.  1175
Freeman, Matthew C.  464
Freer, Joseph  1784
Freire, Janaina  606
Freire, Wilma B.  1693, 442, 687
Freire-Neto, Francisco P.  432
Frempong, Kwadwo K.  130
French, Issa  1268
French, Michael  1232, 1823, 537
Freundlich, Joel  1681
Frevert, Ute  555
Fried, Michal  1264, 1476, 1580, 

1601, 1624, 46
Friedman, Jennifer F.  1580
Friedrich, Lindsey R.  1587
Frimpong, Angela  482
Frischmann, Sarah  1605, 925
Fröhlich, Holger Fröhlich  1708
Frutos, Roger  1452
Fruttero, Roberta  1529
Fry, Alicia M.  1839
Fu, King-Wa  88
Fuentes, Sandra  1660
Fujimori, Mahyumi  844
Fujiyoshi, Risa  378
Fukuda, Mark  814
Fukushima, Wakaba  374
Fulbier, Sandra  83
Fuller, James A.  22
Fullman, Nancy  1337
Fung, Isaac Chun-Hai  389, 390, 

413, 88
Funk, Sebastian  82
Funkhouser, Sheana  1394, 708
Furini, Adriana A. Da Cruz  324, 

340
Fuseini, Godwin  1662
Fustec, Bénédicte  289
Fyfe, Alex  987

G
Gaarcia, Gabriel L.  1148
Gabriel, Erin  1279, 1576, 1624, 

1635, 1636, 985
Gabriel, Sarah  1426, 573
Gabrieli, Paolo  1361, 1395
Gabryszewski, Stanislaw J.  1878
Gadalla, Nahla B.  223
Gadoth, Adva  1466
Gaedigk, Andrea  202
Gaffar, Md. Abdul  1865
Gaji, Raj  1293
Gakidou, Emmanuela  1337
Galactionova, Katya  959
Galarion, Ma. Jowina H.  153
Galdos Cardenas, Gerson  1085, 

29, 1911

Galindo-Cabello, Nadia R.  1749
Galinski, Mary R.  1471, 1482, 630
Gallagher, Nancy M.  1439
Gallichotte, Emily N.  548
Galloway, Renee  1422
Galviz Gómez, Luisa V.  1698
Gambhir, Manoj  389, 390
Gamble, Joanne  645
Gamboa, Dionicia  1518, 1595, 20, 

233, 233, 567, 828, 829, 845
Gamboa, Ricardo  1034, 475
Gamero, Maria  1155
Gamez, Stephanie  1810, 1892
Gamo, Francisco-Javier  1533, 259, 

800
Gamougam, Kadija  1324
Gan, Esther S.  165
Ganaba, Rasmané  573
Gandaho, Lola  1188
Gandarilla, Omar  1085, 29
Ganesan, Anuradha  1048, 648
Ganesan, Subramanian  949
Ganesan, Suresh M.  586
Ganeshan, Harini  1275, 1634, 352
Gankpala, Lincoln  1226
Gansane, Adama  853
Gao, Jian-Chuan  1898
Gao, Lixin  1014
Gaona, Heather  1531
Garbuz, Tamila  1150
Garcia, André  459
Garcia, Cristina  1417, 1418, 1419, 

1415
Garcia, Cybele C.  154
Garcia, Eduardo S.  1148
Garcia, Guillermo  1003, 1660, 

1661, 1662, 1869, 601
Garcia, H. H.  472
Garcia, Hector H.  1030, 1031, 

1034, 571, 572, 1037, 1035, 
475, 1036

García, John  314
Garcia, Jorge A.  909
Garcia, Lineth  661
Garcia, Melissa N.  1247
Garcia, Rocio  477
Garcia, Sarah  1707
García-Betancourt, Tatiana  1167
García-Gubern, Carlos  1422
Garcia-Luna, Selene  1446, 1852, 

762
Garcia-Mendonza, Paquita  1436
García San Miguel, Lucía  5101746
Garcia-Sastre, Adolfo  1257
Gardner, Malcolm J.  1596
Gardon, Jacques  1818
Garey, Kevin W.  395
Garg, Nisha J.  1084, 1753, 515
Garimo, Issa A.  1216, 268, 112, 

600
Garn, Josh  464
Garro, Katherine  20, 828
Garruto, Ralph  770

Garske, Tini  1443, 2, 619
Garver, Lindsey  1275, 352
Gasasira, Ann  1572
Gasco, Alberto  1529
Gasem, M. Hussein  433
Gass, Katherine  1063, 1227, 458
Gasten, Dagmar  716
Gaudard, Jean  1563
Gaudart, Jean  270, 381
Gaudriault, Georges  1717
Gaugler, Randy  1374
Gaultney, Robert A.  701
Gaur, Deepak  938
Gava, Sandra G.  1776
Gave, Anthony  233
Gawas, Pooja  1474
Gaye, Abdoulaye  1215
Gaye, Omar  271
Gaye, Oumar  1302, 1348, 1501, 

1610, 249, 270, 272, 319, 467, 
855

Gaye, Seynabou  1652, 311, 353, 
826

Gazdik, Michelle  631
Gazzinelli, Andréa  1819
Gazzinelli, Maria F.  606
GBD Household Air Pollution Expert 

Group,  1791
Geary, Timothy G.  1724, 668
Gebresilase, Tewodros T.  70
Gebretsadik, Abeba  1045
Geded-Moreno, Eduardo  117
Gelanew, Tesfaye  1412
Gelaye, Woyneshet  1515
Gelderblom, Huub C.  1321
Geldhof, Peter  461, 465
Geleishvili, Marika  706
Gelin, Gedeon  876
Gendernalik, Alex  1446
Gendrin, Mathilde  870
Genedy, Mohamed  1129
Gentil, Coline  1476
Gentsch, Jon  1013
George, Christine M.  27, 576
George, Joby  841
George, Kristen  1372, 720
George, Miriam  940, 1643
Gerardin, Jaline  1548, 1551, 613, 

954, 957, 958
Gerbasi, Robert V.  1316, 1710, 

1644
Gerber, Sue  1464, 1466, 1684, 

1702, 77, 795
Gerrets, Rene  1213
Gershman, Mark  1439
Gerth-Guyette, Emily  1126
Gesase, Samuel  1801, 900, 917
Getachew, Asefaw  1544, 1546, 

1628, 974
Gething, Peter W.  296, 304, 697, 

913
Getie, Sisay  206
Getnet, Gebeyaw  206



A-603

The number(s) following author name refers to the abstract number.

astmh.org

Abstract Author Index

Ghalib, Hashim  1740
Ghani, Azra  1574, 1642, 1838, 

880, 996
Ghani, Azra C.  1562, 1564, 953
Ghanney, Chantal E.  1725
Ghansah, Anita  216, 431, 899
Ghasi, Samuel I.  1120
Ghorbal, Mehdi  1172
Ghosh, Probir K.  577
Ghosh, Susanta K.  71
Ghosh, Urmi  426
Gibbons, Robert V.  171
Gibson, Greg  320
Gibson, Harry  697
Gidlewski, Tom  793
Gignoux, Etienne  1460
Gikic, Djordje  275
Gil, Ana I.  1770, 1840, 1843
Gilani, Zunera  504
Gilbernair, Elia  158
Gilbert, Ian H.  815, 1741
Gilbert, Peter B.  371
Gilbert, Rebecca  1074
Gilbert, Sarah  1462, 182, 180
Gilchrist, Carol A.  1136, 408
Gildas, Yahouedo  1287
Gillespie, John R.  1314
Gilliland, Jr., Theron  759
Gilman, Robert H.  103, 1034, 

1038, 1085, 1095, 1450, 1911, 
29, 571, 1751, 1752, 1795

Gilmartin, Allissia A.  1135, 1665
Gimblet, Ciara  1847
Ginny, Jason  1565
Ginsburg, Amy S.  1126, 1127
Giordani, Maria T.  1696
Giorgi, Emanuele  1559
Giraldo, Freddy  1632
Girianella, Vania  1428
Girma, Samuel  14
Githaka, Naftaly  1236
Githeko, Andrew  1391, 896
Githure, John  1379
Giusti, Cecilia  664
Gkrania-Klotsas, Effrossyni  646
Glasner, Dustin  1253
Glass, Greg  886
Glass Elrod, Mindy  1422
Gleave, Katherine  730
Glennie, Nelson D.  1846
Glennon, Elizabeth  1353
Glesby, Marshall  1848
Gloekler, Emily  1619
Gnadig, Nina  1484
Gneme, Awa  1871
Gnidehou, Sedami  976
Gobeau, Nathalie  1207
Goel, Kapil  1459
Goenaga, Silvina  1856
Goentzel, Jarrod  85
Goes, Alfredo M.  1832
Goethert, Heidi  544
Goheen, Morgan M.  625

Goita, Siaka  820
Gokool, Suzanne  1071
Goldberg, Daniel  664
Golden, Allison  1070, 1075
Goldgof, Greg  1827
Golding, Nick  1045
Goldstick, Jason  1306
Gollob, Kenneth J.  1849, 523
Gomes, Cláudia  1113
Gomes, Claudia  401
Gomes, Edwin  1474, 626
Gomes, Laksiri  1259
Gomes, Talita R.  1832
Gomez, Carol  463
Gómez, Doris  745
Gómez, Jorge  1110, 792
Gomez, Juan G.  509
Gomez, Maria  1739
Gomez, Maria G.  800
Gomez, Maria L.  1533
Gomez, Maria Adelaida  1748, 

1750
Gomez, Wilber  1414
Gómez Bernate, Adriana M.  1698
Gómez-Carmago, Doris E.  1053
Gomez-Perez, Gloria P.  938, 1633
Gomez-Puerta, Luis A.  1030
Gomis, Jules  1497, 270
Gomis, Jules F.  1302, 312, 271
Gonahasa, Samuel  279, 812
Goncalves, Bronner  588
Goncalves, Elenice M. N.  1151
Gonçalves, Bronner P.  564
Gondorf, Fabian  1241, 1880
Gondwe, Thandile  936
Gonza, Remo  1751, 1911
Gonzales, Isidro  571
Gonzales, Iveth J.  865
Gonzales, Rommel V.  659
Gonzales Hurtado, Patricia A.  46
Gonzalez, Antonio  543
Gonzalez, Armando E.  1030, 1034, 

571, 1037, 1036
González, Gladys  1422
González, Grehete  181
Gonzalez, Iveth  657, 1489, 1804, 

249, 656, 830, 845
González, John M.  1759
Gonzalez, Karla  754
González, Raquel  1553, 1570, 854
Gonzalez-Escobedo, Geoffrey  392, 

397
González-Uribe, Catalina  1167, 

174
Gonza Luque, Remo  1095
Goo, Leslie  1854
Good, Michael F.  556, 60, 976
Goodhew, Brook  1680
Goodman, Catherine  1523
Goodson, James  1459
Goonasekara, Charitha L.  769, 772
Gopalakrishnan, Sujatha  1071
Gopinath, Varun  1040

Gorchakov, Rodion V.  144, 1247
Gordon, Aubree  133
Gordon, Catherine  1825
Gordon, Jeffrey I.  1006
Gordon, Susan  641
Gore Saravia, Nancy  1750
Gorokhovich, Lyudmila  1301, 

1514, 823
Gosi, Panita  10, 1132, 323, 802
Gosling, Roly  1208, 1536, 1550, 

1579, 299, 655, 866, 236, 1552, 
563, 656, 865

Gosnell, William  678
Gossaye, Yonatan  1214
Goswami, Jaya  485
Gotia, Hanzel T.  1294
Goto, Yasuyuki  197, 531, 532
Gottardi, Maiara  474
Gottlieb, Michael  784
Gotuzzo, Eduardo  472
Goupil, Brad A.  39
Gouvras, Anouk  1782
Govella, Nicodem J.  598
Gowda, Bhavya  1513, 1538
Gowelo, Steve  1393
Gower, Charlotte M.  1824
Goyal, Navin  1209
Goyoneche, Gabriela  475
Grabias, Bryan  1802
Grabovac, Varja  1013
Gracia, lisy  1768
Graham, Andrea L.  1309
Graham, Barney S.  1462, 1633, 

180, 182
Grahe, Joshua  682
Grahek, Shannon  471, 606
Grandesso, Francesco  1906
Granger, Donald L.  627
Grant, Edward  1048, 648
Graves, Casey  35, 674
Graves, Justin C.  1301, 823, 1514
Graves, Patricia  641, 1813
Gray, Darren  1825, 26
Gray, David W.  815, 1741
Gray, Karen-Ann  1874
Gray, Meg  1285, 1354
Greatorex, Zoe  1452
Greco, Béatrice  83
Green, Angela  554
Green, Ann  32
Green, Justin A.  1209
Green, Michael D.  819, 1369
Greenaway, Christina  1703
Greenberg, Ali  1417
Greenberg, Robert M.  1777, 1778, 

1900
Greene, Sharon K.  1301
Greenhouse, Bryan  1261, 1353, 

1536, 1594, 1598, 1614, 17, 
656, 809, 865, 866

Greenwood, Brian  1018, 1324, 
1844

Greenwood, Brian for the 
MenAfriCar Consortium  1019, 
1676

Greer, George  1905, 268, 386
Gregory, Christopher  416
Greiner, Ashley L.  706
Grenfell, Bryan  1323, 1325, 1456
Gresh, Lionel  133, 136, 622, 761
Gresham, Stephanie  260
Gresty, Karryn J.  1874
Grice, Elizabeth A.  1847
Grieco, John P.  1368, 1403, 1811, 

96, 104, 1308, 729
Grier, Paltama  1220
Grier, Tama  1408
Griffin, Jamie T.  1562, 1564, 953
Griffin, Marie R.  1770, 1840, 1843
Griffin, Paul  860
Griffin, Paul M.  1207
Griffith, Matthew E.  1276
Grigg, Matthew J.  1560, 1902, 

282, 355
Griggs, Allison D.  371
Grignard, Lynn  564
Grijalva, Carlos G.  1770, 1840, 

1843
Grijalva, Mario J.  1761, 509
Grimaldi, Raffaella  815
Grimsby, Jonna  371
Grinnage-Pulley, Tara  524
Grippin, Crystal Grippin  1394
Gripping, Crystal  120
Grobusch, Martin P.  849
Gross, Alexis M.  1097
Grossi-Soyster, Elysse N.  5
Grossman, Marissa  117, 723
Grosso, Ashley  31
Grubaugh, Nathan D.  762, 1446
Gruninger, Randon J.  1010
Grunwald, Jr., William C.  98
Gryschek, Ronaldo C. Borges.  

1697, 1151, 474
Gryseels, Charlotte  1213, 1615, 

653, 871
Gu, Se Hun  782
Gu, Wenjuan  1260
Guagliardo, Sarah Anne  726
Guastini, Cristina M. F.  1101
Guayaquiles Health Center  401
Guedes, Marjorie M.  1012, 1668, 

63
Guelbéogo, Wamdaogo M.  564, 

1871
Guelig, Dylan  1333, 1734
Guernsey, III, David T.  78
Guerra Giraldez, Cristina  1036
Guerra-Giraldez, Cristina  1031, 

1037
Guerrant, Richard  1004, 1290, 

1674, 784
Guerrant, Richard L.  1012, 1864, 

63
Guerrero, Darwin  1761, 509



A-604

The number(s) following author name refers to the abstract number.

astmh.org

Abstract Author Index

Guerrier, Gilles  1044
Guesses, Girma  1546, 1628, 1629
Guevara, Carolina  1131, 596, 786, 

792
Gueye, Alioune Badara  242, 311, 

353, 826
Guezala, M. Claudia  132, 661, 705
Guezala Villavicencio, M. Claudia  

406
Guggisberg, Ann M.  225
Gughova, Andrea  1733
Guglielmi, Nicoletta  1097
Guglielmo, Stefano  1529
Guhl, Felipe  1246
Guilavogui, Timothée  1901
Guillot, Andrea  1301, 823
Guimarães, Luiz Henrique  1251, 

1848, 1849, 539, 1745
Guindo, Boureima  1563
Guindo, Merepen A.  1279, 1576, 

1636, 990
Guiney, Donald G.  415
Guinot, Philippe  1544, 1626, 

1903, 975
Guinovart, Caterina  1218, 1546, 

1570, 1626, 1628, 974, 975
Guioti, Felipe  1435
Guler, Jennifer  1474
Gulia-Nuss, Monika  1377
Gunanti, Inong  28
Gunasekera, Anusha  1636
Gunawardena, Dissanayake  566
Gundersen, Svein G.  1834
Gundogdu, Ozan  325
Guo, Fengguang  1139
Gupta, Bhavna  1490
Gurley, Emily  139, 788, 768
Gusovsky, Fabian  1527
Gutarra, Carlos  401
Gutierrez, Freddy  1518
Gutierrez, Ramiro  1663
Gutierrez, Sonia  565
Gutman, Julie  228, 307, 358, 883
Guy, Andrew J.  16, 831, 937
Guy, Bruno  1223, 553
Guzman, Hilda  1442
Guzman, Mitchel  1518
Gwadz, Robert  127
Gwanmesia, Philomena  1597
Gyapong, Margaret  1049, 1701
Gyeltshen, Nima Wangdi  1396
Gyorkos, Theresa W.  462

H
Haakenstad, Annie  277, 35, 674
Haas, Jere D.  1693, 442
Habashy, Engy E.  1133
Habib, Mohamed R.  1783
Habluetzel, Annette  1234
Habte, Tedila  1774, 1775

Haddad, Danny  1319
Haddow, Andrew D.  748, 749
Hadi, Melinda P.  1378
Haenchen, Steven D.  704
Hage, Eduardo F.  1119
Haggen, Anne  1685
Hahn, Beatrice H.  894
Haidara, Aboubacrine  1211
Haidara, Kadidiatou  1211
Haigwood, Nancy L.  1225
Hailu, Asrat  1045
Haindongo, Erastus  1579, 563
Haindongo, Erastus H. H.  299
Hainsworth, Michael  1544, 1626, 

1627, 1629, 1903, 975
Haji, Khamis A.  112, 1235, 657
Hakizimana, Emmanuel  1379, 

1868, 263, 380
Halasa, Yara A.  1304, 1424, 360, 

781
Halatoko, Wemboo  506, 508
Halback, Alaina  814
Haldar, Kasturi  1172
Haldeman, Kristin  1436
Halder, Dipankar  398
Halidou, Tinto  1049
Hall, Brantley  1385
Hall, Emily  76
Hall, Eric R.  1021, 1024, 1016, 57
Hall, Matthew  1807
Halliday, Jo E. B..  1105
Hall-Mendelin, Sonja  728
Hallyburton, Irene  815
Halpin, Rebecca  1255
Halsey, Eric S.  131, 1436, 1901, 

218, 439, 596, 786, 86
Halter, Francois-Baptiste  59
Hamad, Alli  1637
Hamade, Prudence  1498, 229
Hamainza, Busiku  1218, 1547, 

1623, 278, 388, 881
Hamano, Akiko  482
Hamapumbu, Harry  1397, 301, 

342, 877, 879
Hamayobe, Danver  1876
Hamed, Kamal  889
Hameed, Jessica M.  62
Hamel, Mary J.  371, 597, 683, 911
Hamer, Davidson H.  1162, 646
Hamer, Gabriel L.  1888, 664
Hamer, Sarah  664
Hami-Adiamoh, Majidah B. A.  92
Hamilton, Stuart  1793
Haminza, Busiku  681
Hamlin, Rebecca E.  1258
Hamm Rush, Sarah  1544
Hampton, Shay  924
Hamre, Karen E. S..  326
Han, Kay-Thwe  943, 1581
Hanan, El Mohammady  1024
Hancher, Matthew D.  697
Handy, Scott  1097
Hanke, Christiane R.  1770

Hanley, Kathryn A.  121, 751, 758
Hannah, Dada- Adegbola  75
Hansen, Brenda K.  1723
Hansen, Immo A.  121, 1350
Hansen, Kristian S.  1184, 1228, 

1800
Happi, Anise  1115
Haque, C. Emdad  780
Haque, Rashidul  1136, 1154, 

1411, 1665, 1700, 1863, 1865, 
27, 316, 408, 576

Haque, Ubydul  238
Harb, Omar S.  922
Harbin, Julie N.  1855
Harding, Simon  1803
Hare, Brian A.  666
Harenberg, Anke  553
Hariharan, Karen M.  1301
Harimanana, Aina  885
Harman, Christopher  927
Harn, Donald  1825
Harrington, Laura C.  1312, 1355, 

1404, 1805
Harrington, Whitney E.  1476
Harris, Eva  1253, 133, 136, 1410, 

156, 554, 592, 622, 754, 761, 
764

Harris, Ivor  568
Harris, Jason B.  1860, 1861, 1862, 

397
Harrison, Abby G. L.  317
Harrison, Dustin  1479, 1502
Harrison, G.L. Abby  568
Harrison, Shannon T.  1606
Hart, Erica  608
Hart, Kevin J.  1174
Hart, P. John  669
Harter, Briana  1786
Hartinger, Stella  1843, 661
Hartl, Daniel L.  584, 875
Hartley, Angela  1544
Hartman, Daniel  1236
Hartnell, Felicity  1462
Harun, Dostogir  582
Harvey, Steven A.  1190, 695, 1621
Hasang, Wina  1612
Haselden, John  260
Haselden, John N.  259
Hashim, Ramadhani  306
Hasker, Epco C.  1250
Hassan, Hassan K.  725
Hassan, Wahida  268, 600
Hassan-King, Moussa  1324
Hasselquist, Dennis  905
Hast, Marisa A.  1567, 903
Hathaway, Nicholas J.  915, 916, 

543
Hauns, Kevin D.  1276, 1278
Hauser, W. Allen  1032
Hausmann-Muela, Susanna  1213
Havlir, Diane  1210, 313
Havt, Alexandre  1012, 1668, 1669, 

63

Hawdon, John  471
Hawes, Harvey  1349
Hawes, Stephen E.  1160
Hawkes, Michael  629
Hawley, William  864
Hawley, William A.  656, 865
Hay, Simon I.  1045, 296, 437, 595, 

913
Hayde, Michael  1336
Hayette, Marie-Pierre  290
Haynes, John A.  624
He, Zhong  1898
Head, Jennifer R.  1897
Healy, Sara A.  1279, 1576, 1633, 

1635, 1636, 941, 985, 990
Heasly, Benjamin  1003, 1661
Heath, Claire J.  1123, 1124, 741, 

151
Heath, Paul  411
Hedje, Judith  1369, 885
Heffelfinger, James D.  768
Heffernan, Gavin D.  262
Heffernan, Michael J.  1747
Hegarty, Robert E.  1183
Hegewisch, Jennifer  1553
Heggen, Anne  1320
Heineman, Regina  759
Heise, Mark  41, 156
Heitkamp, Rae  1024, 57
Heitzinger, Kristen  1160
Hejduk, Janusz  782
Helb, Danica  1536, 1598, 1614
Heller, Brigitte  1325
Hemming, Elizabeth  1391
Henao-Giraldo, Juliana  1632, 314
Henderson, Elizabeth  1422
Henderson, Ralph H.  1925
Henein, Sandra  550
Heng, Pisal  9
Heng, Seng  1132
Heng, Thay Kheang  10
Hengartner, Nicolas W.  1334, 1769
Hennessee, Ian  1901
Henriques, Gisela  1503, 1879
Henry, Marie-Claire  67
Henry, Mathew  1016, 57, 1024
Henry, Michael  1310
Henry, Noelie  853
Henry, Ronald  437
Herath, Bandera  1528
Herath, HMT B.  1535
Herbein, Joel  408
Herbst, Abraham J.  677
Heresi, Gloria P.  1729
Hergott, Dianna B.  1003, 1660, 

1661, 1662, 1869, 1637
Herica, Soraya  507
Herlihy, Julie M.  623
Herman, Lou  601
Hermance, Meghan E.  546
Hermida, Felipe D. Hermida.  964
Hermsen, Robert  1613
Hernandez, Adrián V.  1766



A-605

The number(s) following author name refers to the abstract number.

astmh.org

Abstract Author Index

Hernandez, Filiberto  1907, 840
Hernandez, Jean N.  1420
Hernandez, Leda  458
Hernandez, Lourdes  744
Hernandez, Luis  1171
Hernandez-Sanabria, Mayra  734
Herold, Christine  1708
Herpri Sasongko, Pandu  433
Herrera, Claudia P.  1247
Herrera, Henry  1595, 233
Herrera, Manuela  1887
Herrera, Sócrates  1571, 1577, 

1584, 1632, 314, 320, 567, 
1569

Herrera, Victor M.  1406
Herrera, Yenny O.  659
Herrera-Alzamora, Angella  1766
Herrera Galindo, Victor M.  1055, 

1698
Herrero, Laura  744
Herrick, Jesica  1144
Herricks, Thurston  626
Herrod, Jessica  878
Hershow, Ronald  1144
Hess, Jessica  608
Hettenbach, Susan M.  1855
Hewett, Gary  280
Hewitt, Philip  83
Heymann, David  677
Hibberd, Martin L.  1270
Hibbs, Danielle  93
Hickey, Bradley  1275, 1613, 1634, 

352
Hickman, Mark R.  257, 891
Hicks, Derrick  1353
Hien, Tran Tinh  943
Higgins, Sarah H.  253
Higgins, Stephen  1702
Higgs, Stephen  1441, 1855
High, Daniel  149
Higuera-Mendieta, Diana R.  1167, 

1400
Higuera-Mendieta, Diana Rocio  

174
Hii, Jeffrey  999
Hildenwall, Helena  1047, 1122
Hill, Adrian  1277, 1462, 182, 986, 

.  987, 180, 363
Hill, Catherine A.  1307, 1377
Hill, Danika L.  930
Hillesland, Heidi  1141, 496
Hinjoy, Soawapak  1429, 593
Hinojosa, Juan-Carlos  857
Hinrichs, Dave  1531
Hirota, Yoshio  374
Hirsch, Alec J.  1425
Hiscox, Alexandra  379
Hlanzi, Muzi  1303
Ho, Lara  1182
Ho, Nga T.  698
Ho, Trung D.  906
Hoadley, Alfred W.  1660
Hoang, Hang B.  250

Hoang Johnson, Diep K.  710
Hochman, Sarah  205, 33
Hodanics, Charles J.  689
Hodder, Anthony N.  334, 631
Hodel, Eva Maria  847, 851, 812
Hodges, Mary H.  1930
Hoehne, Alexandra  23
Hoekstra, Rinke C.  1250
Hoel, David  1658
Hoel, David F.  96
Hoelscher, Michael  1707
Hoerauf, Achim  1071, 1076, 1078, 

1241, 1708, 1709, 1880, 443, 
639, 644

Hoest, Christel  784
Hofer, Anthony  1529
Hoff, Nicole A.  1117, 1464, 1466, 

1684, 1702, 6, 77, 795, 799
Hoffman, Stephen L.  1014, 1204, 

1596, 1633, 1635, 1636, 1637, 
1638, 1639, 1640, 1647, 377, 
561, 924, 938, 939, 941, 989, 
46, 1613

Hoffman, Victoria  513
Hoffmann, Ary A.  713
Hofmann, Natalie E.  1262, 1263
Hofmeister, Robert  1884
Hofmeyer, Kimberly A.  1850
Hogan, Jessica  1349
Hogges, Jamesa  390
Hohmann, Elizabeth  1198
Hohnerlein, Stefan  1707
Hoibak, Sarah  1213
Hokke, Cornelius H.  465
Hol, Wim G.  1314
Holesova, Maria  492
Holland, Martin  1319
Holland, Thomas  1041
Holloway, Kathleen A.  1185
Holloway, Kimberly  740
Holme, Daniel  1019
Holmes, Jon  1079
Holroyd, Nancy  1835
Holston, James  764
Homann, Manijeh V.  905
Honeycutt, Jared  1245
Hong, Nguyen Van  804
Hongvanthong, Bouasy  1829, 346
Hontz, Robert D.  439, 759, 775, 

785, 786, 86, 1131, 166, 596
Hooft, Anneka M.  650
Hooper, PJ  1321
Hopkins, Adrian  511
Hopkins, Donald  452
Hopkins, Heidi  1522, 1699
Hoq, Mohammad Rubel  1862
Hoque, Mohammad E.  28
Hori, Takanori  482
Horii, Toshihiro  370, 374
Horn, David  1741
Horn, Joanne M.  1183, 692
Horn, Karin  1370, 716
Hornberg, Claudia  1770

Horne, John  1128
Hosie, Heather  1641
Hosie, Heather E.  1278, 372
Hospitales del Sistema Nacional de 

Salud,  744
Hossain, Md. Iqbal  1865
Hossain, Shakhawat  780
Hossen, Emran  1200
Hotez, Peter  1289, 463, 52, 606, 

649, 1747, 461
Houpt, Eric R.  1013, 1865, 1864
Houri-Yaifn, Arnon  237
House, Brent L.  1133
Houtoukpe, Andre T. C.  1002
Howard, Leigh M.  1840
Howard, Randall F.  1649, 1740, 

1850, 981
Howes, Rosalind E.  1511, 202, 

221, 296, 302, 913
Hoy, Ronald R.  1312
Hristov, Angélica D.  1487
Hsiang, Michelle  1536, 1594, 866, 

656, 865
Hsieh, Michael  1836, 538, 672, 

1245, 1895
Hsieh, Yi-Ju  1895
Hsu, Haoting  927
Hu, Wei  1157
Hu, Yan  473
Huaman, Alfredo  792
Huaman, Jose L.  785
Huancabamba, Health Center  401
Huang, Chiung-Yu  339
Huang, Fang  893
Huang, Henry  1637, 1638
Huang, Jun  1275, 1634, 352
Huang, Stanley Ching-Cheng  1915
Huang, Wenlin  1314, 861
Huang, Yan-Jang S.  1441, 1855
Huart, Michael  765
Hubbard, Alan E.  1614
Huber, Curtis S.  226
Hübner, Marc P.  1241, 1880
Huda, Naureen  1884
Hudmon, Andy  1293
Huezo, Stephanie J.  807, 1531
Huff, Doug  1763
Hughes, Angela  1238
Hughes, Christine M.  1454, 791
Hughes, Grant L.  1364, 1808
Hughes, Molly  1008
Hul, Vibol  1452
Hulseberg, Christine  391
Hulverson, Matthew A.  861
Hume, Jen C. C.  1279, 1635, 985
Humphries, Judith  1786
Hun, Lewis  638
Hung, Chris  559
Hung, Le Xuan  804
Hunsperger, Elizabeth  1412, 1422, 

37
Hupalo, Daniel  920
Huq, Anwar  1790

Hurley, Emily  1190, 1621, 695
Hurwitz, Ivy  1908, 722
Husain, Mansoor  1468
Huskins, Noelle  1760
Hussain, Ejaz  1772
Husseini, Azra  1209
Hussem, Kittinun  783
Hutchinson, Eleanor  1800
Hutyra, Carolyn A.  1826
Huu, Tung N.  482
Huy, Rekol  8, 872, 9
Huyler, Anne  1670
Hviid, Lars  1176
Hwang, Jennifer  399
Hwang, Jimee  14, 269, 566
Hyatt, Donna  1222
Hyman, James M.  1334

I
Iamsirithaworn, Sopon  1429, 593
Ianni, Barbara M.  1912
Ibikounlé, Moudachirou  527
Ibitokou, Samad  327
Ibrahim, Sulaiman S.  1284
Idampitiya, Damayanthi  1259
Idowu, Emmanuel  1586
Idowu, Olufunmilayo A.  287
Idris, Jide  994
Ifeonu, Olukemi O.  1152
Igbasi, Uche  935
Igbasi, Uche T.  1607
Ilboudo, Hamidou  1317
Ilika, Amobi L. I.  1683
Ilika, Frances N.  1683
Ilika, Valentine C.  1683
Ilin, Chuang  1132
Ilkayeva, Olga  1006
Imai, Natsuko  594, 773
Imamura, Hideo  1318
Im-erbsin, Rawiwan  45
Imoukhuede, Egeruan B.  1277, 

1462, 363
Imoukuhede, Egeruan B.  180, 182
Imrie, Allison  1407, 766, 770
Imus Misiuda, Katherine  1513, 

1538, 1543, 836
Imwong, Mallika  1829, 214, 355
Inada, Davi T.  1465
Inamnuay, Laksanee  45
Incardona, Sandra  1804
Infante, Beronica  828, 829
Ingabire, Chantal  263, 380
Ingasia, Luicer  211, 208, 850
Inglese, James  377
Iñiguez, Volga  440
Innis, Bruce L.  1219, 163
Inoue, Juliana  1487, 844
Inoue, Noboru  531, 532
Inyama, Petrus U.  1392
Inyang, Uwem  1392



A-606

The number(s) following author name refers to the abstract number.

astmh.org

Abstract Author Index

Inyanga, Precious  452
Iordanskiy, Sergei  1835
Iovinella, Immacolata  635
Iqbal, Najeeha T.  1008
Irani, Julia  1615, 653
Irani, Vashti  16, 831, 937
Iriarte, R. I.  135
Iriemenam, Nnaemeka C.  935
Irish, Seth  721
Irving, Helen  1284
Isaac, Abraam  1349
Isaac, Andre  1349
Isaac, Clement  1711
Isaacson, Sinead C.  788
Isern, Sharon  176
Ishengoma, Deus  1558, 900, 917, 

1801, 562, 904
Ishii, Ken J.  374
Ishino, Tomoko  1298, 199, 200, 

984
Ishizuka, Andrew  1613, 939
Islam, Akhterul  1829
Islam, Kamrul  1200
Islam, Manoshi  1839
Islam, Munirul  1865
Ismagulova, Gulnara  1765
Ismail, Hanafy M.  502
Ismail, Mamudo R.  1269, 618
Isoe, Jun  1358
Isoe, Yurika  1358
Isokawa, Shoko  197
Issa, Kheri  386
Issa, Nébié  928
Issiaka, Djibrilla  1601
Issiaka, Djirilla  1624
Ito, Akira  1028
Ito, Kazuya  374
Itoe, Maurice A.  128
Ittiprasert, Wannaporn  672
Ittiverakul, Mali  1479, 1502, 323
Ivanga, Marcos Mbulito  1003, 

1660, 1869
Ivens, Alasdair  443
Ivers, Louise C.  1860
Iverson, Lara J.  1331
Ivinson, Karen L.  1277
Iwalokun, Bamidele A.  929, 1568
Iwunze, Rosemary C.  570
The Ixodes scapularis Genome 

Consortium  1307
Iyori, Mitsuhiro  378
Izadnegahdar, Rasa  1838
Izurieta, Ricardo  484
Izzo, Robin  1325

J
Jack, Darby  1305
Jacko, D.  1733
Jackson, Belinda M.  1077
Jackson, Bryan  993

Jackson, Nicholas  1223, 553
Jackson, Nikki  13
Jacob, Benjamin  1067
Jacob, Christopher G.  1606, 1829, 

978
Jacobs, Anna  57
Jacobs, Emily  1675
Jacobs, Jan  232, 419
Jacobs, Jolanta S.  1765, 692
Jacobs-Lorena, Marcelo  1297
Jacobson, Jerry  1550, 655
Jacobson, Julie  497
Jacobus, David P.  262
Jacobus, Laura R.  262
Jacqueline, Lim  1342
Jaenisch, Thomas  1254
Jaffe, David B.  1195
Jagannathan, Prasanna  1210, 

1261, 17, 332, 329
Jagne, Ya Jankey  363
Jahan, Assis  1772
Jahan, Nusrat  146
Jain, Jagrati  970
Jain, Jay P.  949
Jain, Surendra K.  1087
Jairoce, Chenjerai  1553, 1553
Jaiswal, Shalini  1077
Jaiteh, Fatou  1615, 273, 653
Jally, Shadrach  1262, 1565
Jambo, Kondwani  936
James, Alison  260
James, Anthony A.  632
James, Eric R.  1014, 1633, 1637, 

1638, 1639, 1636, 938
James, Richard  1901
Jameson, Samuel  1394
Jancaryova, Danica  1233
Jang, Ihn Kyung  1520, 1538, 

1543, 836, 274
Janga, Dennis  1558, 833, 843, 

891, 900, 910
Jangpatarapongsa, Kulachart  349
Janiak, Anna  1220
Jankechova, Monika  1733
Janko, Mark  1557
Jannat, Kaniz Khatun E  1164
Janse, Chris J.  1296, 1647, 559
Jansen, Cassie  1806
Jaramillo, Alexandra  1306
Jarju, Sheikh  1018, 1676, 411
Jarman, Richard G.  1219, 163, 

171, 183
Jarvis, Adrienne P.  1408
Jäschke, Anja S.  337
Jasinskas, Aldis  1606
Jasinskas, Algis  1602, 1646, 943, 

978
Jatapai, Anchalee  416
Jawara, Musa  113, 1399, 1582, 

888
Jawhari, Badeia  1349
Jawo Ceesay, Serign  529
Jayashankar, Lakshmi  1850

Jean, Kévin  619, 1443
Jean, Samuel E.  1212, 895, 897
Jeewandara, Chandima  1259
Jegede, Ayodele S.  1498
Jelip, Jenarun  1902, 282
Jemu, Samuel  536
Jennings, Todd  1544
Jennison, Charlie  1296, 631
Jentes, Emily S.  1439, 437
Jeong, Wooseog  1109
Jeronimo, Selma M. B.  432
Jeun, Rebecca  1289
Jhonston, Erik  1110, 792
Jia, Peng  286
Jiang, Nona  1136
Jiang, Qing-Wu  1898
Jiang, Rays H. Y.  587, 445
Jiang, Xiaofang  1385
Jiggins, Francis M.  1196
Jima, Daddi  14, 566
Jimenez, Alfons  938
Jimenez, Ana I.  1345
Jiménez, Gerson  1422
Jimenez, Juan  571
Jimenez, Sylvia  509
Jimenez-Navarro, Elena  260
Jimma, Daddi  1438
Jin, Albert  976
Jin, Li  1157
Jin, Xiannu  255
Jin Kyung, Park  1342
Jip, Nimzing F.  452
Jittamala, Podjanee  1829
Jittmittraphap, Akanitt  757
Jmonneau, Vincent  1317
Jo, Matthew  1408
Johansson, Emily W.  1047
Johansson, Michael  142, 437
Johansson, Michael A.  160
John, Chandy C.  1056, 1475, 

1477, 195, 326, 629, 1051
John Bockarie, Moses  1929
Johns, Benjamin  681, 1622, 309
Johnsen, Mark  1888
Johnsen, Peter  1325
Johnson, Brian J.  728
Johnson, Derrick  1293
Johnson, Elizabeth  277, 35, 674
Johnson, Erik P.  1695
Johnson, Hugh T.  987
Johnson, Mark D.  1048, 648
Johnson, Monika  1840, 1843
Johnson, Philip C.  463
Johnson, Roshawn  555
Johnston, Deborah  283
Johnston, Kelly  1078
Joice, Regina  1471
Jois, Malasa  1911
Jojoa, Sandra J.  1750
Jokrate, Possawat  416
Jolly, Pauline  204
Joly, Damien O.  1452, 187
Jones, Alex  469

Jones, Amy J.  1093
Jones, Chris  112
Jones, Christine  122
Jones, Christopher M.  1286
Jones, Claire  1201
Jones, David  1647, 1649, 991, 

1279, 985
Jones, Dean P.  1482, 630
Jones, Kathryn M.  1747
Jones, Kiah  478
Jones, Scott  1077
Jones, Sion  1209
Jongert, Erik  1276
Jongo, Said A.  123, 1631, 1633
Jongsakul, Krisada  814
Jonhson, Jeannetta K.  488
Joof, Fatou  1582, 219
Jordao, Dercio  1269
Jose, Joyce  1256
Joseph, Chabi  105
Joshi, Vinayak  1803
Jost, Heather  1786
Jost, Philipp J.  946
Jourdan, Peter M.  1834
Journel, Ito  1212, 895, 897
Juarez, Marisa  1289
Julceus, Fabrice E.  1860
Juliano, Jonathan J.  103, 1085, 

1650, 585, 802, 915, 916, 543
Julião, Fred  1161
Juma, Bonventure W.  417
Juma, Dennis W.  207, 209, 210, 

211
Juma, Elijah O.  1378
Juma, Elizabeth  1483
Juma, Jane  1203
Juneja, Punita  1196
Jung, Ha-Na  1147, 1449
Jung, Min-Kyung  78
Junghanss, Thomas  1254
Jungkind, Donald  1054
Junior, Alfredo M.  844
Jura, Reginald O.  850
Jurado Salazar, Hugo  94
Juraska, Michal  371
Just, Matthew R.  389
Jutla, Antarpreet  1007, 1790

K
Kaadan, Abdulnasser  425
Kaatera, Fred  263
Kabamba, Joelle  1454, 1455, 791
Kabanywanyi, Abdunoor M.  1049, 

854
Kabatereine, Narcis B.  1228, 1824
Kabayiza, Allan  1578
Kabir, Furqan  1008
Kabir, Mamum  1154
Kabir, Mamun  1136, 408
Kabona, George  1686, 1687, 1688



A-607

The number(s) following author name refers to the abstract number.

astmh.org

Abstract Author Index

Kabore, Achille  1685, 456, 527
Kabore, Jean Moise T.  853
Kabre, Gustave B.  1871
Kabue, Mark  1330
Kabula, Bilali  1286, 718
Kabyemela, Edward R.  1580, 1264
Kachani, Malika  1118
Kachur, S. Patrick  14, 1901, 960, 

305, 597, 911, 566
Kachurin, Anatoly  553
Kadarkarai, Murugan  295
Kading, Rebekah  1236
Kaelber, Jason  140
Kafuko, Jessica M.  268, 1392
Kahle, Kristen M.  176, 38, 549
Kahn, Maria  1218, 1520, 280
Kain, Kevin C.  1468, 253, 350, 

429, 629
Kaisar, Maria  501
Kaisar, Maria M. M.  468
Kaj, Malonga  414
Kakaire, Robert  1727, 1727, 490
Kakani, Evdoxia G.  1390, 1395, 

126, 1387
Kaker, Faizullah  214
Kakolwa, Mwaka A  854
Kakompe, Kalenga  1627, 1629
Kakumanu, Madhavi  1311, 708
Kakuru, Abel  1210
Kakutia, Natia  706
Kalabric, Luciano  1161
Kalavska, Andrea  493
Kalavsky, Erich  493
Kalayanarooj, Siripen  170, 171, 

591
Kaldor, John  541
Kale, Oluwafemi  1492
Kale, Sonal  920
Kalengamaliro, Humphreys  841
Kalilani, Linda  1556
Kalimuthu, Kovendan  295
Kalinga, Akili  1558, 833, 843, 891, 

910
Källander, Karin  1774, 1775
Kallas, Esper G.  1221, 761
Kalnoky, Michael  1546, 1626, 975
Kama, Mike  541, 663
Kamagaté, Mamadou  158
Kaman, Lama E.  889
Kamata, Teddy  4
Kamate, Beh  602
Kamate, Bourama  1636
Kamau, Edwin  207, 208, 210, 211, 

347, 850
Kambagha, Athoman  266
Kamdem, Colince  1810, 1892
Kamgno, Joseph  1818
Kamhawi, Shaden  1690
Kaminta, Slyvester  404
Kamphorst, Sylvie M. O.  1819
Kampmann, Beate  1018, 1676, 

363, 411
Kampondeni, Samuel  177

Kamstra, Rhiannon L.  1703
Kamugisha, Erasmus  1801
Kamugisha, Mathias  1686, 1687, 

1688, 904
Kamuliwo, Mulakwa  1627, 1629, 

388, 1218, 278
Kamwezi, Richard  847
Kamya, Moses R.  1210, 1261, 

1614, 1875, 227, 279, 809, 811, 
812, 283, 313, 329, 332, 947

Kandeel, Amr  1762
Kandula, Deepika  1536, 1554
Kang, Gagandeep  1013, 1864, 

396
Kang, Laiyi  1735
Kang, Seokyoung  1197
Kang, Seung-Won  1147, 1449
Kangam, Lafortune  908
Kang Sung, Lee  1342
Kanjala, Maxwell  485
Kannady, Khadija  598
Kanoi, Bernard N.  370, 979, 374
Kanoute, Moussa B.  1601
Kansembe, Henry  681
Kanteh, Ebrima  363
Kapar, Naomi  268
Kapella, Bryan  1572, 1875, 947
Kapito-Tembo, Atupele  599, 654, 

914
Kaplan, Peter  1051
Kappe, Stefan  1274, 1608, 248, 

1613, 1589, 1826
Kaptoge, Stephen K.  1216
Kapulu, Melissa C.  987
Karabou, Potchoziou  506
Karanja, Diana M.  1243, 1785, 

1833
Karch, Christopher  376
Karema, Corine  1340, 1379, 315, 

1578, 1868
Karhemere, Stomy  1454, 1455, 

791, 878
Karia, Francis P.  1326
Karim, Zachary S.  1591, 1592, 

1593, 1769, 589
Kariuki, Sam  5
Kariuki, Simon  597, 911, 960, 683
Kariyawasam, Udeshika L.  1757
Karmacharya, Biraj  1198
Karunajeewa, Harin  568
Karunaweera, Nadira D.  1102, 

1757
Kas, Arnold  980
Kasamba, Eric  414
Kasdin, Rachel  1488
Kasinathan, Ravi S.  1900
Kaslow, David C.  1276
Kaspar, Naomi  1905, 386
Kasper, David C.  1336
Kasper, Matthew  183, 705, 1764
Kasper, Matthew R.  Kassa, Hailu  

1140
Kassa, Moges  14, 566

Kassahun, Belay  1572
Kassim, Kamaka R.  364
Kastner, Randee  1060
Kasule, Mathias  1572
Kasungami, Dyness  1330
Katabarwa, Moses N.  451, 452
Katamba, Achilles  1767
Katamba, Henry  1572
Katebe-Sakala, Cecilia  388
Kateera, Fredrick  380, 348
Kathcart, April K.  1276, 1278
Kathende, Sosthenes  31
Katile, Abdoulaye  1636
Kato, Nobutaka  1206, 1527
Kato, Tomoyo  203
Katokele, Stark  863
Katooka, Oswell  1788, 581
Katowa, Ben  111, 1590, 342
Katrak, Shereen  1261, 313
Katsube, Riko  200
Kattenberg, Johanna H.  1262, 

1565
Kattula, Deepthi  396
Katureebe, Agaba  1261
Katureebe, Charles  1572, 1875
Katusele, Michelle  735
Katz, Aaron T.  689
Katzelnick, Leah  554
Kaufman, Phillip E.  1404
Kaunda, Blessings  841
Kaur, Harparkash  1653, 819
Kaushansky, Alexis  1608
Kavere, Emmy  1833
Kavishe, Reginald  1500
Kawazu, Shin-ichiro  531, 532
Kawende, Bienvenu  882
Kawu, Issa  837
Kayembe, Dyna  882
Kayembe, Jean-Marie N.  290
Kayentao, Kassoum  898, 902
Kayungwa, Benjamin  1625
Kazura, James  1262, 1604, 21, 

568, 735, 1565, 1719
Kazwala, Rudovick R.  1105
KC, Astha  1791
KC, Natasha  1014, 377
Ke, Changwen  1107
Kean, Casey  388
Keany, Melissa  471
Keasey, Sarah  4
Keating, Joe  278
Keating, M. K.  37
Keatts, Lucy  1452
Kebede, Amha  1045, 14, 566
Kebede, Henok  269
Kebede, Zelalem  229
Kebela-Illunga, Benoit  1117, 6, 

799
Keck, Forrest  747
Keeler, Corina  543
Keeler, Corinna  1557
Keeling, Matt J.  1744
Keenan, John  204

Keereecharoen, Lily  1266
Keesen, Tatjana S. L.  1849
Kefyalew, Takele  229
Keiser, Jennifer  1273
Keita, Abdoul S.  1260
Keita, Mohamed  1624
Keita, Moussa  1901
Keita, Sekouba  1576, 1601, 990
Keller-McLaughlin, Sarah  926
Kelley, James F.  757, 790
Kelly, Gerard C.  873
Kelly, Jane  487
Kelly, Jane X.  1531
Kelly, Paul M.  1165
Kelly-Hope, Louise  1067, 1817, 

1927, 727, 1816, 457, 642
Kelvin, Elizabeth A.  1032
Kemere, Jordan  1594
Kemigisha, Elizabeth  65
Kemirembe, Karen  1490
Kempaiah, Prakasha  1591, 1592, 

1593, 1769, 589, 1334
Kempf, Dale  1071, 1078, 645
Kenji, Obadia Mfuh  1597
Kennedy, Mark  861, 1174
Kennedy-Stoskopf, Suzanne  666
Kenneth, John  1773
Kenney, Joan L.  1856
Kenny, Shannon  1873
Kepha, Stella  461, 54
Kerac, Marko  1301, 823
Kerdahi, Khalil  1675
Kerleguer, Alexandra  1904
Kerlin, Tim  728
Kerr, Nicola  857
Kerridge, Simon  1201
Kerry, Vanessa  682
Kessler, Anne  205
Kessler, Maureen  122
Kessy, Stella  109
Kesteman, Thomas  116, 885
Keven, John B.  735
Keyloun, Katelyn R.  861
Keystone, Jay S.  646
Khairallah, Carole  1556, 883
Khalil, Insaf  1489
Khaliq, Mansoora  1256
Khamis, Mwinyi  657
Khan, Ashraful I.  1861, 1862
Khan, Farhat  1645
Khan, Ikhlas  1528, 1535
Khan, Maria  281
Khan, Md Rakibul H.  1790
Khan, Shabana  1528, 1535
Khan, Shahid  559, 1296, 1647
Khan, Shaila S.  1154
Khan, Wasif A.  316, 886, 1829
Khanal, Amsul  1895, 538
Khanam, Farhana  1199, 1200, 

1202, 392
Khanthavong, Maniphone  1829
Kharabora, Oksana  916
Khatamzas, Elham  1178



A-608

The number(s) following author name refers to the abstract number.

astmh.org

Abstract Author Index

Khatib, Bakar O.  1235
Khatib, Bakari O.  112
Khatun-e-Jannat, Kaniz  1839
Kheang, Soy Ty  1001, 1539, 1540, 

251
Kheang Heng, Thay  15
Kheng, Sim  1904
Khieu, Virak  1904
Khim, Nimol  12, 9
Khor, Chiea Chuen  1270
Khouri, Ricardo  1092
Khyang, Jacob  886
Kibona, Tito J.  1105
Kibria, Mohammad Golam  1411, 

316
Kibuuka, Afizi  812
Kien, Duong T. Hue.  594
Kieta, Moussa  1398
Kiggundu, Moses  1505
Kigondu, Sanyu N.  385
Kigozi, Ruth  1875, 947
Kigozi, Simon P.  279
Kiguli, Sarah  1505
Kihara, Jimmy H.  464, 54, 25
Kihombo, Aggrey  360
Kiketa, Landry  882
Kikonyogo, Ruth N.  620
Kilangalanga, Janvier  1685
Kilembe, Bernard  1687, 503, 505
Kilian, Albert  384
Killeen, Gerald F.  1893
Killeen, Gerry F.  598
Kim, Andrea A.  417
Kim, Charles C.  17
Kim, Do Soon  1109
Kim, Eui Young  89
Kim, Kami  205, 33
Kim, Min-Sik  1297
Kim, Saorin  1904, 9
Kim, So Young  1077, 1713
Kim, Tae Yun  1159
Kim, Yongsang  1109
Kim, Young-Ha  1147, 1449
Kimita, Gathii  412
Kimura, Daisuke  330
Kimura, Kazumi  330
Kindé-Gazard, Dorothée  527
King, Charles H.  1124, 1242, 156, 

1123, 124, 151
King, Christine A.  1423
King, Christopher L.  1242, 1565, 

1599, 1600, 1604, 1719, 925, 
930, 940, 1605

King, Jarrod B.  1534
King, Jonas G.  1360, 946, 993
King, Kevin  149
Kiniboro, Benson  1262, 334
Kinney, Patrick  1305
Kinunghi, Safari  1782
Kinya, Beth M.  412
Kioko, Elizabeth N.  90
Kip, Anke  1748
Kip, Antonia E.  1090

Kirby, Matthew J.  1371
Kirenga, Bruce  1767
Kirera, Ronald  391
Kirinoki, Masashi  531, 532
Kirkpatrick, Beth D.  1220, 1408, 

1411, 1700, 1863
Kirkwood, Carl D.  1013
Kirkwood, Geoffrey  1544
Kironde, Fred  343
Kirumbi, Edward  1685, 1686, 

1687, 1688
Kirunda, James  1658
Kisia, Caroline  1337
Kisinza, William  1870, 306, 360, 

718
Kissinger, Jessica C.  1152, 1471, 

922
Kissi-Twum, Abena A.  402
Kitau, Jovin  1371
Kite, Whitney A.  1485
Kitron, Uriel  124, 156, 507, 726
Kitsahawong, Bubpha  652
Kittikraisak, Wanitchaya  178
Kittitrakul, Chatporn  652
Kittur, Nupur  1243, 1833
Kitumbukile, Mohammed  1893
Kitutu, Freddy E.  1047
Kiwanuka, Gertrude  1575, 292
Kiwanuka, Noah  1727, 490
Kiware, Samson S.  598
Kizza, Florence N.  1727, 490
Kjetland, Eyrun F.  1834
Klarkowski, Derryck  833
Klarmann-Schulz, Ute  1709, 639, 

644
Klein, Kerenaftali  1207
Klein, Marina  1703
Klein, Meredith  1190, 695, 1621
Kleine, Christian  854
Kleinschmidt, Immo  1870, 236, 

563, 601
Kleinshmidt, Immo  1869
Kleps, Jason  1660
Kligerman, Maxwell  675
Klimstra, William B.  137, 138, 

1444, 42, 746
Klion, Amy D.  1881, 727
Klonis, Nick  1873
Kloprogge, Frank L.  945
Klugman, Keith P.  1770
Klungthong, Chonticha  1221, 170, 

171, 178, 184, 36, 591, 739, 
783

Knight, Rob  543
Knipes, Alaine K.  1059, 1229
Knobel, Darryn L.  1108
Knobler, Stacey  784
Knoll, Maria  1017
Knols, Bart  109
Knowles, Jessenia  1661
Knowles, Sarah  1232
Kobayashi, Tamaki  111, 1567, 

1590, 301, 342, 877, 879, 903

Kobylinski, Kevin C.  1283, 880
Koch, Claus  1489
Koch, David  473
Koch, Tyree  551
Kochel, Tadeusz J.  596
Kocher, Claudine  709
Kodio, Aly  1000
Koelle, Katia  159
Koenker, Hannah  1566, 1616, 384
Koenraadt, Constantianus J.  380, 

1379
KoKoepfli, Cristian  1262, 1555, 

568
Koffi, Alphonsine A.  1370
Koffi, Mathurin  1317
Kofoed, Poul-Erik L.  1500
Koh, Gavin C. K. W.  1209
Kohi, Yadon M.  1558, 900
Koh Paw, Moo  1266
Koimbu, Gussy  735
Koita, Fanta  1208
Koita, Ousmane A.  1496, 858, 859
Koivogui, Lamine  889
Kojom Foko, Loick P.  908
Koju, Rajendra  1198
Koko, Vanda  335, 932, 933
Koku, Roberta  431
Kolakalur, Sripriya D.  1130
Kolarich, Daniel  16
Kolesnichenko, Olena  667
Kolling, Glynis  1290, 1674
Kolyada, Lena  1372
Kolyada, Yelena  1392
Kombut, Benishar  1262
Komisar, Jack  1278
Komisar, Jack L.  1276
Konadu, Peter  639
Konate, Amadou  1279
Konate, Drissa  1260
Konaté, Lassana  1192, 1373, 272
Konate, Siaka  727
Kone, Abdoulaye K.  1563
Kone, Diakalia  1624
Kone, Douda  602
Kone, Mamady  1279, 1576, 990
Kong, Nareth  10, 1502
Konradt, Christoph  1845
Koo, Sue-Jie  514
Kopecko, Dennis J.  1014, 1204
Koppinger, Kaitlin L.  478
Koram, Kwadwo  1480, 482, 907
Koram, Kwadwo A.  216, 899
Korir, Harrison K.  1833
Kornelis, Dieuwke  1837
Koroi, Aminiasi  541
Koroivueta, Josefa  541
Koroma, Joseph B.  1930
Kosal, Khem  1904
Kosasih, Ayleen A.  294, 864
Koscalova, Alena  1906
Kosek, Margaret  1864, 393, 394, 

576
Kosoko, Ayokulehin M.  1603

Kostov, Ivan  1209
Kotloff, Karen L.  1203, 28
Kouakou, Ilunga M. M.  1074
Koudou, Benjamin G.  115
Kouly Tine, Roger Clément  1610
Kouodjip Nono, Larissa  908
Kourany-Lefoll, Elli  83
Kouriba, Bourema  1563, 835, 978
Kousa, Youssef  1051
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