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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, ZMADb, 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 MADb. 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.

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

Tini Garske', WHO Ebola Response Team?

'MRC Centre for Outbreak Analysis and Modelling, London, United
Kingdom, ?World 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% Cl: 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.

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

Axel T. Lehrer', Michael M. Lieberman’, Teri-Ann S. Wong', Heinz
Feldmann?, Andrea Marzi?

"University of Hawaii, Honolulu, HI, United States, ?National 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 naive mice demonstrated that
humoral immunity alone can be fully protective. Furthermore, the transfer
of immune splenocytes into naive 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.

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.

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

Elysse N. Grossi-Soyster’, Elizabeth A. Cooke?, William A. de
Glanville?, Lian F. Thomas?, Njeri C. Wamae?, Sam Kariuki?, Eric M.
Féevre®, A. Desiree LaBeaud'

'Stanford University School of Medicine, Stanford, CA, United States,
2Center for Infection, Immunity and Evolution, University of Edinburgh,
Edinburgh, United Kingdom, *Center 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.

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

Chelsea L. McMullen', Nicole A. Hoff?, Reena H. Doshi?,
Patrick Mukadi?, Benoit Kebela-lllunga“, Robert Shongo?, Emile
Okitolonda®, Jean-Jacques Muyembe3, Anne W. Rimoin?

'Duke University, Mooresville, NC, United States, 2University of California
Los Angeles Fielding School of Public Health, Los Angeles, CA, United
States, *National Institute of Biomedical Research, Kinshasa, Democratic
Republic of the Congo, “DRC Ministry of Health, Kinshasa, Democratic
Republic of the Congo, *Kinshasa 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 V2V,
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.

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

Preeti Padda’, Aakash Srivastava', Samir V. Sodha?, N.
Balakrishnan?, Vidhya N4, Anil Kumar', S. Venkatesh', Neeta
Vijayan*

"National Centre for Disease Control, New Delhi, India, ?Centre for Disease
Control and Prevention, New Delhi, India, *National Centre for Disease
Control, Bangalore, India, “Government 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%Cl=2.1-10.6), grazing
animals in forest (OR=3.1, 95%Cl=2.2-6.9), exposure to monkey death
(OR=4.1, 95%Cl=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.

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

Rithea Leang’, Cesia Quintero’, Sara E. Canavati?, Bunkea
Tol", Bunthai Leang', Didier Menard?, Jack S. Richards?, Pascal
Ringwald®, Rekol Huy!

"The National Center for Parasitology, Entomology and Malaria Control,
Ministry of Health, Phnom Penh, Cambodia, “Department of Clinical
Tropical Medicine, Faculty of Tropical Medicine, Mahidol University,
Bangkok, Thailand, *Malaria Molecular Epidemiology Unit, Institut Pasteur
in Cambodia, Phnom Penh, Cambodia, *Centre for Biomedical Research,
Burnet Institute of Medical Research, Melbourne, Victoria, Australia,
*Antimalarial 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.

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

Sara E. Canavati', Rithea Leang?, Harrriet L. Lawford?, Pisal
Heng?, Bunkea Tol?, Mey Bouth Denis?, Nimol Khim¢, Saorin Kim?,
Jack S. Richards®, Lasse S. Vestergaard®, Didier Menard*, Rekol
Huy?, Arjen M. Dondorp’, Pascal Ringwald?

'Mahidol-Oxford Tropical Medicine Research Unit, Faculty of Tropical
Medicine, Mahidol University; Department of Clinical Tropical Medicine,
Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand, ?The
National Centre for Parasitology, Entomology and Malaria Control, Phnom
Penh, Cambodia, *World Health Organization, Phnom Penh, Cambodia,
“Institut Pasteur du Cambodge, Phnom Penh, Cambodia, *Burnet Institute
of Medical Research, Department of Microbiology, Monash University,
Melbourne, Victoria, Australia, *World Health Organization, Manila,
Philippines, ’Mahidol-Oxford Tropical Medicine Research Unit, Faculty of
Tropical Medicine, Mahidol University, Bangkok, Thailand, éWorld 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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TRANSMISSION-BLOCKING EFFICACY OF SINGLE DOSE
PRIMAQUINE ADDED TO ACT IN CAMBODIANS WITH
UNCOMPLICATED PLASMODIUM FALCIPARUM MALARIA

Jessica Lin', Ratawan Ubalee?, Worachet Kuntawunginn?,

Thay Kheang Heng?, Sok Somethy*, Soklyda Chann?, Dav Vy?3,
Nareth Kong?, Sujata Balasubramanian', Montri Arsanok®, Ponsa
Chanudom?, Piyaporn Saingam?, Nitima Chanarat?, Michele
Spring?, Char Meng Chuor?, Panita Gosi?, Chanthap Lon?, David
Saunders?

"University of North Carolina, Chapel Hill, NC, United States, 2Armed
Forces Research Institute of Medlical Sciences, Bangkok, Thailand, >Armed
Forces Research Institute of Medlical Sciences, Phnom Penh, Cambodia,
“Royal Cambodian Armed Forces, Phnom Penh, Cambodia, *Armed Forces
Research Institute of Medical Sciences, Bangkok, Cambodia, ®National
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 GEPD screening.

IMMUNITY TO MALARIA AND EMERGING ARTEMISININ
RESISTANCE

Freya J. Fowkes', Ricardo Ataide’, Elizabeth Ashley?, Mehul
Dorda?, Rosanna Powell', Gaogian Feng', Jo-anne Chan', Michael
Malloy?, Takafumi Tsuboi#, Eizo Takashima®, Katherine O’Flaherty,
James Beeson', Francois Nostens, Julie A. Simpson?, Nicholas

J. White?, On behalf of the Tracking Resistance to Artemisinin
Collaboration (TRAC)?

'Burnet Institute, Melbourne, Australia, °Mahidol-Oxford Tropical
Medicine Research Unit, Faculty of Tropical Medicine, Mahidol University,
Bangkok, Thailand, *Centre for Epidemiology and Biostatistics, University
of Melbourne, Melbourne, Australia, “Division of Malaria Research, Proteo-
Science Center, Ehime University, Ehime, Japan, *Shoklo 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.

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

Ankit Dwivedi', Christelle Reynes?, Nimol Khim?, Frédéric Ariey?,
Didier Ménard®, Emmanuel Cornillot!

'Institut de Biologie Computationelle, Montpellier, France, ?Institut 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.

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. Onyamboko', Caterina I. Fanello?, Gareth Turner?,
Nikki Jackson?, Joel Tarning?, Francois Nosten?, Nick J. White?,
Antoinette K. Tshefu#, Nick P. Day?

'Kinshasa School of Public Health/Centre for Tropical Medicine and Global
Health, NDM, University of Oxford, Mahidol, Democratic Republic of
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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 Gl 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.

COMPARING ARTEMETHER-LUMEFANTRINE AND
CHLOROQUINE--WITH AND WITHOUT PRIMAQUINE--FOR
THE TREATMENT OF UNCOMPLICATED VIVAX MALARIA IN
ETHIOPIA: A RANDOMIZED CLINICAL TRIAL
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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% Cl: 71.8-87.7) following CQ, 70% (95% Cl:
59.5-78.4) after AL, 98.8% (95% Cl: 91.9-99.8) after CQ+PQ, and 93.3%
(95% Cl: 85.3-96.8) after AL+PQ. The risk of recurrence at 12 months was
60% (96% Cl: 43.6-74.4) in the CQ arm, 66.6% (95% Cl: 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% ClI: 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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THE CONTRIBUTION OF HUMORAL IMMUNITY TO CLINICAL
OUTCOMES IN AN AREA OF MULTIDRUG-RESISTANT
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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
AMAT1 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.

DISSECTING THE FUNCTIONAL DIFFERENCES AMONG
SPECIFIC HUMAN IGG SUBCLASSES AGAINST PLASMODIUM
FALCIPARUM MEROZOITES
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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, 1gG2, 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.

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

Richard T. Sullivan', Charles C. Kim', Mary F. Fontana', Margaret
E. Feeney', Prasanna Jagannathan', Michelle J. Boyle, Chris J.
Drakeley?, Isaac Ssewanyana?, Harriet Mayanja?®, Grant Dorsey?,
Bryan Greenhouse'

"University of California, San Francisco, San Francsico, CA, United States,
2London School of Hygiene & Tropical Medicine, London, United Kingdom,
’Makerere 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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CHARACTERIZATION OF IMMUNE RESPONSES TO
PLASMODIUM FALCIPARUM GAMETOCYTES
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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 gRT-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.

COMPLEMENT AND ANTIBODY-MEDIATED ENHANCEMENT
OF RED BLOOD CELL INVASION BY PLASMODIUM
FALCIPARUM
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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-1,,) 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 mMADb5.2. 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.

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

MONOCYTE SUBSET PHENOTYPES AND FUNCTIONS IN
KENYAN CHILDREN WITH UNCOMPLICATED MALARIA

Katherine Dobbs’, Paula Embury', John Vulule?, Peter Odada
Sumba?, James Kazura', Arlene Dent’
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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.

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

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

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

SOIL-TRANSMITTED HELMINTH CONTAMINATION OF SOIL IN
RURAL KENYAN HOUSEHOLDS

Lauren E. Steinbaum’, Kara Nelson?, Ayse Ercumen?, Laura
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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.

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. Nery’, Suzy Campbell’, Stacey Llewllyn?, Ross
Andrews?, Darren Gray', Rebecca Traub?, James S. McCarthy?,
Archie Clements’

'Australian National University, Canberra, Australia, ?QIMR Berghofer
Medical Research Institute, Brisbane, Australia, *Charles Darwin University,
Darwin, Australia, *University 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 gPCR. 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%
10 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.

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

Christine M. George', Lauren Oldja’, Shwapon Biswas?, Jamie
Perin', Gwenyth O. Lee', Shahnawaz Ahmed?, Rashidul Haque?,
R. Bradley Sack’, Tahmina Parvin?, Ishrat J. Azmi?, Sazzadul Islam
Bhuyian?, Kaisar A. Talukder?, Abu G. Faruque?

"Johns Hopkins University, Baltimore, MD, United States, ?International
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 (Cl): 0.13,1.88) and stunting(height for age z-score <-2) (Odds
Ratio(OR): 2.53, 95% Cl: 1.08,5.43), after adjusting for potential
confounders. In addition, children of caregivers with visibly dirty hands
had significantly elevated fecal calprotectin(ug/g )( 384.1, 95% Cl: 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.

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

Kurt Z. Long’, Shamsir Ahmed?, Abul S. Faruque?, Tahmeed
Ahmed?, Inong Gunanti', Mohammad E. Hoque?, Sumon K. Das?,
Shahnawaz Ahmed?, Dilruba Nasrin3, James P. Nataro?, Karen
Kotloff?, Myron M. Levine?

'Swiss Tropical and Public Health Institute, Basel, Switzerland,
?International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka,
Bangladesh, *University of Maryland Medical School, Baltimore, MD,
United States, “University 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.

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

Natalie M. Bowman', Daniel Clark?, Jeong Choi®, Mauricio
Dorn*, Enzo Fortuny®, Omar Gandarilla®, Roxana Bravo Nevarro?,
Clare Sepping®, Jorge Flores*, Roni Colanzi’, Leny Sanchez?, Lisbeth
Ferrufinos, Anne Palumbo®, Gerson Galdos Cardenas?, Maritza
Ramirez Jalding, Eliana Saenza Vasquez®, Janeth Acosta®, Manuela
Verasteguié, Caryn Bern'™, Robert H. Gilman®

"University of North Carolina, Chapel Hill, Chapel Hill, NC, United

States, 2Vanderbilt University, Nashville, TN, United States, *University

of California, Davis, Davis, CA, United States, “Hospital San Juan de

Dios, Santa Cruz, Plurinational State of Bolivia, >AB PRISMA, Santa Cruz,
Plurinational State of Bolivia, ®London School of Tropical Medicine &
Hygiene, London, United Kingdom, “Universidad Catolica Boliviana,

Santa Cruz, Plurinational State of Bolivia, éUniversidad Peruana Cayetano
Heredla, Lima, Peru, °Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD, United States, °University 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.

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

Nyanyiwe M. Mbeye’, Zinenani Truwah', Misho Chibwe',
Thandile Nkosi', Ndamiwe Mweso’, Feiko O. ter Kuile?, Kamija S.
Phirit

"Malawi College of Medicine, Blantyre, Malawi, Liverpool 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.

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

Horacio Ruisenor-Escudero’, Vincent Pitche?, Simplice
Anato?, Dometo Sodji4, Jules Tchalla4, Ashley Grosso®, Sosthenes
Kathendes, Stefan Baral®

'Michigan State University, East Lansing, M, United States, ?Conseil
National de Lutte contre le SIDA et les IST, Lome, Togo, *Arc-en-ciel, Lome,
Togo, “Famme, Lome, Togo, *Johns Hopkins Bloomberg School of Public
Health, Baltimore, MDD, 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% C|=2.3-23.6) and among
those reporting community/social stigma and discrimination (RDS
aOR=2.1,95%Cl=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.

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 STls/ 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.

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

Theresa Madaline’, Sarah Hochman', Karl Seydel?, Terrie Taylor?,
Alice Liomba3, Alex Saidi3, Grace Matebule?, Lario Chigaru?,
Bernadette O'Hare?, Dan Milners, Kami Kim’

"Albert Einstein College of Medicine, Bronx, NY, United States, ?Michigan
State University, East Lansing, M, United States, *University of Malawi
College of Medicine, Blantyre, Malawi, “Queen Elizabeth Central Hospital,
Blantyre, Malawi, *Harvard 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 (=36, 16%), and meningitis (=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 Ill or IV, and obtaining CD4 count in children
who are stage | or Il.

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

Itziar Familiar-Lopez', Horacio Ruisenor-Escudero’, Michael J.
Boivin, Neoline Nakasujja?, Robert Opoka?, Judith K. Bass?

'Michigan State University, East Lansing, M, United States, ?Makerere
University, Kampala, Uganda, *Johns 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,
1(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,
1(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.

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.

THE ABILITY OF CHIKUNGUNYA TO REEMERGE IN A
PREVIOUSLY EXPOSED POPULATION

Henrik Salje’, Simon Cauchemez?, Isabel Rodriguez-Barraquer’,
Maria Theresa Alera®, Butsaya Thaisomboonsuk®, Anon
Srikiatkhachorn®, Catherine B. Lago?, Daisy Villaé, Chonticha
Klungthong?, Stefan Fernandez*, John M. Velasco?, Vito G.
Roque Jr’, Ananda Nisalak®, Louis Macareo?, Jens W. Levy*, Derek
Cummings', In-Kyu Yoon*

"Johns Hopkins School of Public Health, Baltimore, MD, United States,
?Institut Pasteur, Paris, France, *Philippines-Armed Forces Research Institute
of Medical Sciences, Cebu, Philippines, “Armed Forces Research Institute
of Medical Sciences, Bangkok, Thailand, *University of Massachusetts,
Worcester, MA, United States, °Cebu City Health Department, Cebu,
Philippines, ’National 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.

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

Tyler M. Sharp’, Wun-Ju Shieh?, Rebecca Levine?, Dianna M.
Blau?, Jose V. Torres?, Aidsa Rivera', Janice Perez-Padilla’, Dana
Thomas?, Julu Bhatnagar?, Dianna Ng?, M. Kelly Keating?,
Elizabeth Hunsperger', Jorge Munoz-Jordan', Dario Sanabria?,
Brenda Rivera Garcia*, Harold S. Margolis’, Sherif R. Zaki?

'Centers for Disease Control and Prevention, San Juan, PR, United States,
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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.

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

Rachel H. Fong', Soma S. Banik’, Kimberl-Anne Mattia', Trevor
Barnes', David Tucker', Nathan Liss?, Kai Lu?, Suganya Selvarajah?,
Surabhi Srinivasan', Manu Mabila', Adam Miller', Marcus O.
Muench?, Alain Michault*, Joseph B. Rucker?, Cheryl Paes’,
Graham Simmons?, Kristen M. Kahle', Benjamin J. Doranz'

'Integral Molecular, Inc., Philadelphia, PA, United States, ?Blood Systems
Research Institute, San Francisco, CA, United States, *Blood Systems
Research Institute; Department of Laboratory Medicine, University of
California, San Francisco, CA, United States, “Centre 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 MADb, 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 MADb 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/ET trimer.

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 3/77 mice and wild-type C57BI/6 mice.
Mice were intradermally or subcutaneously inoculated with 10° 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.
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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 C57BI/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.

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.

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

Rebecca Broeckel’, Jennifer Vomaske', Craig Kreklywich', Patricia
Smith?, Michael Diamond?, Thomas Morrison3, Mark Heise*, Victor
DeFilippis', Daniel Streblow!

'Oregon 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, “The 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.

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

Christopher M. Weiss', Hangi Tang?, William B. Klimstra', Kate
D. Ryman'

"University of Pittsburgh, Pittsburgh, PA, United States, Tsinghua
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 | 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, I1SG20 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.

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.

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 TCRB 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.

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

Piyanate Sunyakumthorn’, Sujitra Tayamun’, Laksanee
Inamnuay’, Rawiwan Im-erbsin', Robin L. Burke', Arthur E.
Brown', Gareth D. Turner?, Eric D. Lombardini’

'Armed 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
B-Amyloid precursor protein (BAPP) 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-o, 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.

PROTEOMIC ANALYSIS OF PLASMODIUM FALCIPARUM
3-DAY LIVER STAGE PARASITES

Patricia A. Gonzales Hurtado’, Sumana Chakravarty?, Minglin
Li?, Yun Wu3, Abraham Eappen?, Tao L2, B. Kim Lee Sim?, Stephen
Hoffman?, Michal Fried'

"National Institute of Allergy and Infectious Diseases, Rockville, MD, United
States, ?Sanaria Inc., Rockville, MD, United States, *Protein 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.

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

Min Zhang', Satish Mishra, Victor Nussenzweig?

'New York University Medical Center, New York, NY, United States, °New
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 elF2a.. De-phosphorylation
of elF2a-P is required for the transformation of sporozoites into liver
stages. In mammalian cells the de-phosphorylation of elF2a-P is mediated
by protein phosphatase 1 (PP1). Instead, we report here that in malaria
sporozoites the elF2a-P phosphatase is UIS2. Both uisT 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
elF2a, but does not recognize unphosphorylated elF2a, raising the
possibility that high throughput searches may identify chemicals that
disrupt the interaction and prevent malaria infection.

CHARACTERIZATION OF THE EXPANDED ACYL CO-A
SYNTHETASE GENE FAMILY

Selina Bopp', Allison Demas', Pamela Magistrado’, Sarah
Volkman', Ulf Ribacke?, Dyann F. Wirth'

'Harvard School of Public Health, Boston, MA, United States, ?Uppsala
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 PFACSS5,
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.

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

Richard Thomson-Luque’, Francis Ntumngia', Amy Taylor?,
Karoly Szekeres?, Kenneth Udenze', Suzanne Li', Wanlapa
Roobsoong?, Samantha Barnes’, John H Adams'

"University of South Florida Global Health, Tampa, FL, United States,
2DRAPER, Tampa, FL, United States, >University of South Florida, Tampa,
FL, United States, “Mahidol 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/CD7 1low/CD7 1med/
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/CD7 Thigh 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.

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

Louise Lu’, Chengfang Liu?, Alexis Medina®, D. Scott Smith?,
Linxiu Zhang?, Scott Rozelle?

"Yale 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, “Stanford 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.

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

Birgit Nikolay', Eric Brienen?, Washington Benitez Ortiz3, Michael
Boele- Van Hensbroek?, Felisberto Mendes®, Taniawati Supalie,
Judd L. Walson’, Liya Assefa', Simon J. Brooker', Lisette van
Lieshout?

"London School of Hygiene & Tropical Medicine, London, United Kingdom,
2Leiden University Medical Centre, Leiden, Netherlands, *Central University
of Ecuador, Quito, Ecuador, “Academic Medical Center Amsterdam,
Amsterdam, Netherlands, *Catholic University of Mozambique, Beira,
Mozambique, °University of Indonesia, Jakarta, Indonesia, “University of
Washington, Seattle, WA, United States

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.

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 Cortés’, Yosselin Vicuia', Martha Loor', Pablo
Espinosa’, Martha Chico’, Carlos Sandoval’, Sophia Loor!, Peter
Hotez, Philip J. Cooper’, Rojelio Mejia?

'Centro de Investigacion en Enfermedades Infecciosas, Pontificia
Universidad Catdlica del Ecuador, Quito, Ecuador, ?’National 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 (gqPCR). 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 gPCR 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/ul to 2.3 fg/ul, p < 0.05) and Giardia (0.84
fg/ul to 6.7 fg/ul, 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.

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.

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. Easton', Rita G. Oliveira?, Elise M. O’'Connell’, Stella
Kepha3, Cassian Mwatele?, Simon J. Brookers, Jimmy H. Kihara?,
Charles Mwandawiro?, Sammy M. Njenga“, Maurice R. Odiere®,
Joanne P. Webster’, Roy M. Anderson?, Thomas B. Nutman'

"National Institutes of Health, Bethesda, MD, United States, ?Infectious
Disease Epidemiology, Imperial College London, London, United
Kingdom, *College of Health Sciences, Kampala, Uganda, “Eastern and
Southern Africa Centre of International Parasite Control, Kenya Medical
Research Institute, Nairobi, Kenya, *Faculty of Infectious and Tropical
Diseases, London School of Hygiene & Tropical Medicine, London, United
Kingdom, ®Neglected Tropical Diseases Branch, Centre for Global Health
Research, Kenya Medical Research Institute, Kisumu, Kenya, "Pathology
and Pathogen Biology, Royal Veterinary College, University of London,
Hertfordshire, United Kingdom

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 gPCR. 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
gPCR 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 gPCR. 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 gPCR (or
similar high throughput molecular diagnostics) may offer new diagnostic
tools for STH control programs.

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.

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

Diana Martin', Gretchen Cooley', Tarissa Mitchell', William
Stauffer', Paul Cantey’, Kittisak Amornpaisarnloet?, Valentina
Parr?, Valentina Parr?, Deborah Lee’, Michelle Weinberg'

"Centers 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.

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

James M. Regeimbal’, Anna Jacobs?, Matthew Henry', Brendan
Corey?, Rae Heitkamp?, Amy Zale?, Rebecca Pavlicek?, Daniel
Zurawski?, Tony Pierson?, Nimfa Teneza-Mora', Biswajit Biswas’,
Eric Hall’

'Naval Medical Research Center, Silver Spring, MD, United States, ?Walter
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: 1) significantly reduced the A. baumannii
bioburden in the wound-bed, Il) prevented the invasion of A. baumannii
into tissue surrounding the wound and thus promoted tissue preservation/
vitality in adjacent areas, Ill) 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

5o, 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.

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

Joan M. Neyra, Ciro Maguifia, 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.

REGULATION OF B12 BIOSYNTHESIS BY PATHOGENIC
LEPTOSPIRA

Michael A. Matthias’, Carla Fernandez de Cuadros’, Francois-
Baptiste Halter!, Jessica Ricaldi?, Joseph Vinetz'

"University 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/ll)
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/l 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 gRT-PCR that expression of cob I/lll 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.

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

Michael F. Good', Manisha Pandey’, Rasmus Mortensen?, Ainslie
Calcutt’, Jessica Powell’, Emma Langshaw!', Michael Batzloff', Jes
Dietrich?

'Institute for Glycomics, Gold Coast, Australia, ?Statens 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 | human trial.

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 T, 1 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 T 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 LD, 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-y 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.

ACUTE GASTROINTESTINAL INFECTION AND OTHER
HEALTH PROBLEMS ABOARD THE USNS COMFORT
DURING CONTINUING PROMISE 2011: A HUMANITARIAN
ASSISTANCE/DISASTER RESPONSE MISSION

Mark S. Riddle’, Andy Chern?, Andrea J. McCoy", Jessica M.
Hameed?, Ramona McCaffrey?, Tracy A. Brannock?, Krista Brooks?,
Gregory J. Martins, Shannon D. Putnam?, Chad K. Porter’, William
T. Scouten®

'Naval Medical Research Center, Silver Spring, MD, United States,
2Uniformed Services University of the Health Sciences, Bethesda, MD,
United States, *Naval Health Research Center, San Diego, CA, United
States, “Air Force Global Strike Command, Barksdale Air Force Base, LA,
United States, *Department of State, Washington, DC, United States,
SNaval Medical Center Portsmouth, Portsmouth, VA, United States

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 AGl, 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 AGlI 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, CEARA, BRAZIL

Aldo A. Lima', Alvaro M. Leite’, Alessandra F. Moura', Noélia
L. Lima', Reinaldo B. Oria', Alberto M. Soares’, José Q. Filho',
Claudia B. Abreu’, lla F. Lima’, Alexandre Havt'!, Marjorie M.
Guedes', Sean R. Moore?, Jordi Mayneris-Perxachs?, Jonathan R.
Swann?, Richard L. Guerrant?

'Federal University of Ceara, Fortaleza, Brazil, ?University of Cincinnati,
Cincinnati, OH, United States, *University of Reading, Reading, United
Kingdom, “University of Virginia, Charlottesville, VA, United States

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, Ceara, Brazil. The
study design was a case-control prospective study. The protocol was
approved by the local Internal Review Board (IRB) (Universidade Federal
do Ceard), a national IRB (CONEPE) and IRB at University of Virginia. 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.

THE QUECHUA PEOPLE OF SOUTHERN PERU: A DESCRIPTIVE
ANALYSIS OF CLINIC ATTENDEES

Matthew Belenchia’, David Adams?, Daniel Traylor?, Cesar
Fernandez', Ellen Robinson*

TASU, Savannah, GA, United States, 2ASU/Medical College of Georgia,
Savannah, GA, United States, *Clemson University/ASU, Clemson, SC,
United States, “Incarnate Word University, San Antonio, TX, United States

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
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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.

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 Kemigisha', Rosemary Namayanja?, Gad Agaba’,
Silvano Twinomujuni?, Daniel Atwine’, Francis Oriokot, Noni E
MacDonalds

'Epicentre Mbarara Research Centre, Kampala, Uganda, °Mbarara
University of Science and Technology, Kampala, Uganda, *Healthy Child
Uganda, Kampala, Uganda, *Mbarara Regional Referral Hospital, Kampala,
Uganda, *Dalhousie University/ Microresearch, Halifax, NS, Canada

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.

EFFECT OF COOKING METHODS ON THE CONCENTRATION
OF OXYTETRACYCLINE RESIDUES IN CHICKEN

Ekene Vivienne Ezenduka, John A. Nwanta, Steve .
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.

EFFECTIVENESS OF LONG LASTING INSECTICIDE NETS ON
UNCOMPLICATED CLINICAL MALARIA: A CASE-CONTROL
STUDY FOR OPERATIONAL EVALUATION

Barikissou B. Damien', Armel Djenontin?, Evelyne Chaffa?,
Sandra Yamadjako', Papa Makhtar Drame#, Emmanuel Elanga?,
Marc Egrot*, Marie-Claire Henry', Vincent Corbel*, Franck
Remoué?, Christophe Rogier®

'Entomological Research Center at Cotonou, Cotonou, Benin, ?Centre de
Recherche Entomologique de Cotonou, Laboratoire Evolution, Biodiversité
des Arthropodes et Assainissement, Faculté des Sciences et Techniques-
Université d’Abomey-Calavi, Cotonou, Benin, *Health Ministry of Benin,
Cotonou, Benin, “Maladies Infectieuses et Vecteurs, Ecologie, Génétique,
Evolution et Contréle/CREC, Cotonou, Benin, °Institut Pasteur de
Madagascar, Institut de Recherche Biomédicale des Armées, Antananarivo,
Madagascar

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-Kpomasse-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.

ASSOCIATION OF CAUSAL BELIEFS ABOUT SHOE WEARING
TO PREVENT PODOCONIOSIS: A BASELINE STUDY

Desta A. Alembo', Abebayehu Tora?, David Farrell?, Getnet
Tadele', Gail Davey?*, Colleen McBride®

'Addis Ababa University College of Social Science, Addis Ababa, Ethiopia,
?Department of Sociology, Wolaita Sodo University, Sodo, Ethiopia, *People
Designs Inc., Durham, NC, United States, “Brighton and Sussex Medical
School, Falmer, Brighton, United Kingdom, *Behavioral Sciences and
Health Education, Emory University, Atlanta, GA, United States

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.

GLOBAL HEALTH WITHIN BORDERS: OUTLOOK OF HEALTH
SCREENING AMONG IRAQI AND SUDANESE REFUGEE
COMMUNITY AND THE IMPACT OF LANGUAGE BARRIER THE
PATIENT SELF-ADVOCACY

Juliana D. da Silva', Pratibha Seshadriz, Matthew Behme?

'Baylor College of Medicine, Houston, TX, United States, ?Einstein Medical
Center, Philadelphia, PA, United States

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 Iragi (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

USING RAPID ETHICAL APPRAISAL (REA) TO DESIGN A
CONTEXTUALIZED CONSENT PROCESS FOR BIOMEDICAL
STUDIES THE ETHIOPIA

Tewodros T. Gebresilase’, Zebene Andargie’, Girmay Tsegay?,
Abraham Aseffa’, Gail Davey?, Melanie Newport3, Fasil Tekola-
Ayele*, Adamu Addissie®

'Armauer Hansen Research Institute, Addis Ababa, Ethiopia, ?Debre
Markos University, Debre Markos, Ethiopia, *Brighton and Sussex Medical
School, Brighton, United Kingdom, “Center for Research on Genomics
and Global Health, National Human Genome Research Institute, National
Institutes of Health, Bethesda, MD, United States, *Addis Ababa University,
Addis Ababa, Ethiopia

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.

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.

STIGMA TOWARDS A NEGLECTED TROPICAL DISEASE: FELT
AND ENACTED STIGMA SCORES AMONG PODOCONIOSIS
PATIENTS IN NORTHERN ETHIOPIA

Abreham T. Alemayehu’, Kebede Deribe?, Sara Tomczyk?,
Elizabeth Mousley*, Gail Davey*

'International Orthodox Christian Charity, Debre Markos, Ethiopia, 2Addis
Ababa University, Addis Ababa, Ethiopia, *International Orthodox Christian
Charity, Addis Ababa, Ethiopia, “Brighton and Sussex Medical School,
Brighton, United Kingdom

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.

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.

PREVENTING MATERNAL MORTALITY THE THE DEMOCRATIC
REPUBLIC OF THE CONGO: EFFECT OF THE ORGANIZATIONAL
MODEL OF HEALTH CARE

Abel M. Ntambue', Francoise K. Malonga', Michele Dramaix-
Wilmet?, Philippe Donnen?

"University 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.

HOUSEHOLD CHARACTERISTICS ASSOCIATED WITH
MALARIA-INTESTINAL HELMINTHS CO-INFECTIONS AMONG
RURAL DWELLERS THE SOUTHWEST, NIGERIA

Chinenye Afonne, lkeoluwapo 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.

EVALUATION OF A UNIVERSITY-NGO PARTNERSHIP TO
ADVANCE EQUITY THROUGH NURSING EDUCATION

Emily Hall', Sharon Rose’, Roodaline Valcourt?, Kate Dieringer?,
Ellen Scarr, Brooke Finkmoore!, Evan Brown?', Beatrice Romelo?

"University of California, San Francisco, San Francisco, CA, United States,
2Zanmi Lasanté, Port-au-Prince, Haiti, >Partners 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.

ASSESSING THE COST-EFFECTIVENESS OF DIFFERENT
VACCINATION STRATEGIES FOR CHILDREN IN THE
DEMOCRATIC REPUBLIC OF CONGO

Reena H. Doshi’, Calixte Shidi2, Nicole A. Hoff", Patrick Mukadi?,
Audry Mulumba?, Sue Gerber4, Emile W. Okitolonda®, Jean-
Jacques Muyembe?, Anne Rimoin’

"University of California Los Angeles Fielding School of Public Health, Los
Angeles, CA, United States, ?Expanded Programme on Immunization,
Kinshasa, Democratic Republic of the Congo, *National Institute for
Biomedical Research, Kinshasa, Democratic Republic of the Congo, “Bill &
Melinda Gates Foundation, Seattle, WA, United States, *Kinshasa 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.

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 lll,
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
(< - 25D 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 Comisiéon Nactional
para el Desarrollo de los Pueblos Indigenas 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.

DEVELOPMENT OF A COMMUNITY HEALTH WORKER
PROGRAM FOR RURAL HAITI

Lisa Altieri', Aline Zorian', Susan Partovi’, Ross Donaldson?

'David Geffen School of Medicine at University of California Los Angeles,
Los Angeles, CA, United States, ?Harbor-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.

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.

DECREASING INEQUITY OF INSECTICIDE-TREATED NET (ITN)
OWNERSHIP IN SUB-SAHARAN AFRICA COUNTRIES FROM
2003-2014

Cameron Taylor', Lia Florey', Yazoume Ye?

'DHS Program/ICF International, Rockville, MID, 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% Cl: 0.09;0.18) and endline surveys (C-Index -0.01,
95% Cl: -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.

MATHEMATICAL MODELLING APPROACHES TO ESTIMATING
THE OPTIMUM STRATEGY FOR THE ERADICATION OF YAWS

Michael E. Marks', Sebastian Funk’, Oriol Mitja?, Christopher
Fitzpatrick?, Kingsley Asiedu?, Anthony W. Solomon?, David C.
Mabey"

"London School of Hygiene & Tropical Medicine, London, United Kingdom,
2ISGlobal, Barcelona, Spain, Department 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

and 1960’ 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.

THE “EMD SERONO GLOBAL HEALTH” APPROACH

Thomas Spangenberg’, Béatrice Greco’, Jutta Reinhard-Rupp?,
Jim Mulry?, John Ambroziak?, Philip Hewitt?, Nada Abla Geiser,
Sandra Fulbier?, Elli Kourany-Lefoll’

'EMD Serono, Coinsins, Switzerland, 2EMD Millipore, Temecula, CA, United
States, EMD 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.

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.

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 Carland’, Jarrod Goentzel’, Elizabeth Streat?, Gilberto
Montibeller?

"Massachusetts Institute of Technology, Cambridge, MA, United States,
’Malaria Consortium, Kampala, Uganda, *London 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.

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. Hontz', Amy C. Morrison?, Valerie Paz-Soldan3, Erin
McDonough?, Shawn P. Mulvaneys, David Stengers, Eric S. Halseys®,
Christopher A. Myers*

U.S. Naval Medical Research Unit - 6, Lima, Peru, ?U.S. Naval Medical
Research Unit - 6, Iquitos, Peru, Tulane University, New Orleans, LA,
United States, “Naval Health Research Center, San Diego, CA, United
States, *Naval Research Laboratory, Washington, DC, United States,
5Centers 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 Iliness 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 O 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.

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.

FACTS AND RUMORS: SOCIAL MEDIA REACTION TO
INFORMATION AND MISINFORMATION ON EBOLA

Isaac Chun-Hai Fung’, King-Wa Fu?, Chung-Hong Chan?,
Benedict Shing Bun Chan?, Chi-Ngai Cheung?, Thomas Abraham?,
Zion Tsz Ho Tse®

'Georgia Southern University, Statesboro, GA, United States, °The
University of Hong Kong, Hong Kong, Hong Kong, *Hang Seng
Management College, Shatin, Hong Kong, “Emory University, Atlanta, GA,
United States, °The 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.

A QUALITATIVE EVALUATION OF STAKEHOLDER
PERSPECTIVES ON THE MILLENNIUM VILLAGE PROJECT
SUCCESSES AND CHALLENGES IN SAURI, KENYA

Yesim Tozan', Eui Young Kim', Alexander N. Morse', Yumary
Ruiz?

'New 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.

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.

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.I. 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 | 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.

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.

SYSTEMATICS OF THE AMBLYOMMA MACULATUM GROUP
OF SPECIES (ACARI: IXODIDAE)

Paula Lado’, Danielle Hibbs', Santiago Nava?, Lorenza Beati'

'Georgia Southern University, Statesboro, GA, United States, ?Instituto
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, COIll (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. Cain’, Jorge Monroy Nicola?, Hugo Jurado Salazar?

"University 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./m?. 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.

SURVEILLANCE REPORTS AND RECOLONIZATION OF
TRIATOMA INFESTANS FOLLOWING AN URBAN VECTOR
CONTROL CAMPAIGN IN AREQUIPA, PERU

Fernando S. Malaga Chavez', Ricardo Castillo-Neyra?, Corentin
M. Barbu?, Juan G. Cornejo del Carpio’, Andy Cataccora
Rospigliossi4, Michael Z. Levy®

'Direccion Regional del Ministerio de Salud, Arequipa, Arequipa,
Peru, 2Universidad Peruana Cayetano Heredlia, Arequipa, Peru, 3INRA,
Paris, France, “Red de Salud Arequipa, Arequipa, Peru, *University 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 @ major risk factor (odds ratio [OR] 21.5, 95% Cl 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% Cl 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.

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

Suppaluck Polsomboon’, David F. Hoel', Jittawadee R. Murphy?,
Chien Chung Chao?, Wei Mei Ching?, Richard G. Robbins?, Nicole
L. Achee?, John P. Grieco*

'Department of Preventive Medicine and Biostatistics, Uniformed Services
University of the Health Sciences, Bethesda, MD, United States, ?Viral and
Rickettsial Diseases Department, Infectious Disease Directorate, Naval
Medical Research Center, Silver Spring, MD, United States, >Armed Forces
Pest Management Board, Silver Spring, MD, United States, “Department
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.

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.

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.

HEAT TREATMENT TO CONTROL TRIATOMINE VECTORS OF
CHAGAS DISEASE

Ricardo Castillo-Neyra', Renzo Salazar?, Carlos Condori?, Cesar
Naquira?, Michael Z. Levy'

"University of Pennsylvania, Philadelphia, PA, United States, ?Universidad
Peruana Cayetano Heredla, 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
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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.

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

Roberto Fernandez', Liz Espada’, Victor Zorrilla’, Albino Urquia,
Reginaldo Brazil?, Craig Stoops', Frederick M. Stell?, Andrés G.
Lescano’, Gissella M. Vasquez', Hugo O. Valdivia’

'U.S. Naval Medical Research Unit - 6, Callao, Peru, ?Oswaldo Cruz
Institute, FIOCRUZ, Rio de Janeiro, Brazil, >’Armed 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.

INVESTIGATING THE ROLE OF TSETSE PGRP-LA IN THE FLY’'S
RESISTANCE TO TRYPANOSOMES

Aurelien Vigneron', Emre Aksoy', Xin Zhao', Xiaoli Bing’,
Jingwen Wang?, Serap Aksoy!

"Yale 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.

EVIDENCE FOR POPULATION REPLACEMENT AND
ECOLOGICAL ADAPTATION IN ANOPHELES DARLINGI FROM
THE PERI-IQUITOS REGION OF PERU

Jan E. Conn’, William Lainhart?, Sara A. Bickersmith', Kyle
Nadler?, Marta Moreno?, Marlon Saavedra?, Virginia M. Chu?,
Paulo E. Ribolla®, Joseph M. Vinetz?

"Wadsworth Center, New York State Department of Health, Slingerlands,
NY, United States, ?Department Biomedical Sciences, State University of
New York at Albany, Albany, NY, United States, *Division of Infectious
Diseases, Department of Medicine, University of California San Diego,
San Diego, CA, United States, “Asociacion Benefica PRISMA, Iquitos, Peru,
*Universidade 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 lquitos 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.

COMPARATIVE MICROBIOME OF TRIATAMA INFESTANS,
VECTOR OF CHAGAS DISEASE

Natalie M. Bowman', Jonathan J. Juliano’, Katty Borrini Mayori?,
Renzo S. Salazar Sanchez?, Carlos Condori Pino?, Eric Barnett’,
Steven R. Meshnick’, Robert H. Gilman3, Michael Z. Levy*

"University of North Carolina Chapel Hill, Chapel Hill, NC, United States,
2Universidad Peruana Cayetano Heredia, Arequipa, Peru, >Johns Hopkins
Bloomberg School of Public Health, Baltimore, MD, United States,
“University 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 lon 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

o 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.

PHYLOGEOGRAPHY OF TRIATOMA DIMIDIATA, A MAJOR
VECTOR OF CHAGAS DISEASE, IN BELIZE

Angela Caranci’, John Grieco?, Nicole Achee?

"Uniformed Services University, Kensington, MD, United States, “University
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.|. 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.I. 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.

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.

LESSONS LEARNED, CHALLENGES AND PROSPECTS AFTER
SIX YEARS OF EXPERIENCE IN THE IMPLEMENTATION OF
INDOOR RESIDUAL SPRAYING IN BENIN, WEST AFRICA

Martin Akogbeto, Rock Aikpon, 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
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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.

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.

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-17) 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.

A LOW COST DEVICE FOR CONTROLLING OUTDOOR HOST
SEEKING MOSQUITOES

Stella Kessy', Bruno Nyundo?, Jane Mccaw?, Andreas Rose?, Bart
Knols#, Ladislaus Mnyone’, Issa Lyimo'

'Environmental 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,
’Biogents, Regensburg, Germany, “In2care, 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 (CO,), delivery of synthetic attractants
like CO, 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 CO, 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 CO, 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 CO, 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 CO,
sucked by the fan improved the attractiveness of OHD 2-3 times than with
no CO,. 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.

PROFILING INSECTICIDE RESISTANCE AND OUTDOOR
MALARIA TRANSMISSION IN ETHIOPIA: IMIPLICATIONS 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.

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. Haji’, Narjis G. Thawer?, Bakari O. Khatib', Juma H.
Mcha', Abdallah R. Salum’, Abdullah S. Ali', Chris Jones?, Stephen
M. Magesa?, Mahdi M. Ramsan?, Issa Garimo?, Jeremiah. M.
Ngondi?

'Ministry of Health Zanzibar, Zanzibar, United Republic of Tanzania, RTI
International, Dar-Es-Salaam, United Republic of Tanzania, Liverpool
School of Tropical Medicine, Liverpool, United Kingdom, “RTI 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.| (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.

DOES HETEROGENEITY IN INSECTICIDE RESISTANCE
CONTRIBUTE TO MALARIA HOTSPOTS IN THE GAMBIA?

Kevin O. Opondo’, David Weetman?, Musa Jawara', Mathurin
Diatta’, Amfaal Fofana', Florence Crombe?, Julia Mwesigwa',
Umberto D'Alessandro?’, Martin Donnelly?

"Medlical Research Council (UK) Unit, The Gambia, Banjul, Gambia,
°Liverpool 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.|. 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 x An. gambiae. In 3 village
pairs, species population and composition varied significantly between
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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% Cl

48.6 - 6374.3, p<0.001) and deltamethrin, OR=9.14, (95% Cl 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% Cl 1.4
- 9.2, p =0.006) and deltamethrin, (OR= 3.4, 95% Cl 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.

BREEDING CONDITIONS INFLUENCE SUSCEPTIBILITY TO
INSECTICIDES IN MOSQUITOES

Henry F. Owusu, Pie Muller

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

AGRICULTURAL PRACTICES SUSCEPTIBLE TO TRIGGER THE
DEVELOPMENT OF INSECTICIDE RESISTANCE IN MALARIA
VECTORS

Fodjo Kouadio Behi, Chouaibou S. Mouhamadou, Benjamin G.
Koudou

Centre Suisse de Recherches Scientifiques en Cote d’Ivoire, Abidjan, Cote
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.

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 (Cl) of sensitivity and specificity narrowed while the sample size
increased, and the 95% Cl 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. 240 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.

FINE-SCALE PATTERNS OF PYRETHROID RESISTANCE IN
AEDES AEGYPI FROM YUCATAN, MEXICO

Marissa Grossman', Audrey Lenhart?, Regan Deming?, Anuar
Medina-Barreiro?, Edgar Koyoc-Cardefa?, Jose Valentin Uc?, Sergio
Dzib-Flérez4, Azael Cohuo-Rodriguez®, Marco Torres-Castro?,
Eduardo Geded-Moreno*, Pablo Manrique-Saide?, Gonzalo
Vazquez-Prokopec!

'Emory University, Atlanta, GA, United States, Centers for Disease Control
and Prevention, Atlanta, GA, United States, >Global Ministries of the
United Methodist Church, New York, NY, United States, “Universidad
Auténoma de Yucatan, 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 V1016l 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 1016l 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 1016l 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.

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 mos