ASTMH G

AMERICAN SOCIETY OF TROPICAL MEDICINE & HYGIENE
ADVANCING GLOBAL HEALTH SINCE 1903

VOLUME 97 NOVEMBER 2017 NUMBER 5 SUPPLEMENT

SIXTY-SIXTH

ANNUAL MEETING
November 5-9, 2017

The Baltimore Convention Center | Baltimore, Maryland USA

Abstract Book

astmh.org
ajtmh.org

Supplement to
The American Journal of Tropical Medicine and Hygiene



CHIKUNGUNYA INFECTION DURING GESTATION: IMPACT ON
PREGNANCY AND NEONATAL OUTCOMES

Priyanka Suresh', Amy Krystosik', Nikita Cudjoe?, Toni Murray?,
Rashida Isaac?, George Mitchell®, Trevor Noél4, Barbara Landon®,
Randall Waechters, A. Desiree LaBeaud'

'Stanford University, Department of Pediatrics, Stanford, CA, United
States, “Windward Islands Research and Education Foundation (WINDREF),
St. George’s, Grenada, *Ministry of Health, St. George’s, Grenada,
“Windward Islands Research and Education Foundation (WINDREF) @ St.
George’s University, St. George’s, Grenada, °St. George'’s University, School
of Medicine, Department of Bioethics, St. George'’s, Grenada

In July 2014, an outbreak of Chikungunya virus (CHIKV) occurred in
Grenada, West Indies with an estimation of 65% of the population
infected. During this outbreak, approximately 710 women gave birth

with limited information available regarding the consequences of CHIKV
infection on their pregnancies. Studies in La Reunion Island have identified
neonatal complications resulting from mother-to-child CHIKV transmission
at birth; however, no observable effect on pregnancy outcomes has been
shown. Our objective was to study CHIKV impacts on pregnancy outcomes
during the outbreak in Grenada. Mothers who gave birth during the
2014 CHIKV outbreak and up to 1 year after the outbreak were recruited.
Questionnaire data was collected on the timing and symptoms of their
CHIKV infection and pregnancy, delivery and newborn outcomes. To

date 156 participants have been recruited and classified into 2 groups by
reported history and confirmed exposure to CHIKV by IgG ELISA: those
infected with CHIKV during pregnancy and those not infected during
pregnancy. Demographic and symptom data, pregnancy and neonatal
outcomes were compared. Of the 156 participants, 110 (71%) reported
CHIKV during pregnancy and were CHIKV IgG positive. Infection occurred
during the first trimester for 24 (22 %) of women, second trimester for 40
(36%) of women and third trimester for 45 (41%) and during delivery for
1 (1%) woman. The most frequent maternal symptoms reported were,
arthralgia (86 %), fever (65%), muscle pains (39%), headache (38%),

rash (38%), itchiness (37 %) and generalized body aches (27%). There
was no significant difference in duration or types of symptoms reported
between those infected during pregnancy compared to those who
experienced CHIKV infection prior to pregnancy. Pregnancy outcomes
were similar between the two groups; however, neonatal complications
were significantly higher in the CHIKV during pregnancy group (26% vs.
7%; p= 0.006). This ongoing study adds to the limited data on the effects
of CHIKV infection during pregnancy on birth outcomes and will be useful
to inform physicians caring for pregnant women with CHIKV infection and
their newborns.

SAFETY AND IMMUNOGENICITY OF A LIVE RECOMBINANT
MEASLES VECTOR BASED CHIKUNGUNYA VACCINE IN
HEALTHY ADULTS: A RANDOMIZED, PLACEBO CONTROLLED
PHASE 2 STUDY

Sabrina Schrauf, Katrin Ramsauer, Matthias Mullner, Andrea
Pfeiffer, Alexander Kort, Erich Tauber

Themis Bioscience GmbH, Vienna, Austria

Themis is developing a safe, effective and affordable preventive vaccine
platform against priority pathogen diseases that have the potential to
cause epidemics such as Chikungunya or Zika virus infection by using a
“plug-and play” vaccine technology. This technology is based on a measles
vaccine vector (MV) that can be easily genetically modified to express
immunoprotective proteins for designated emerging infectious pathogens.
This delivery platform technology has already demonstrated proof of
principle in humans through a Phase 1 clinical trial in 42 healthy volunteers
with a recombinant measles vaccine against Chikungunya virus (MV-
CHIK). We showed that the vaccine was well tolerated. One immunization
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induced functional, neutralizing antibodies in up to 90% of immunized
subjects, a second immunization induced 100% seroconversion.
Importantly, immunogenicity was independent of pre-existing anti-vector
(measles) immunity. The vaccine efficacy was demonstrated in non human
primates that were challenged with wildtype Chikungunya virus. All
animals were protected against CHIKV viremia and disease symptoms. A
Phase 2 clinical trial in 320 healthy subjects is currently ongoing in Austria
and Germany with the goal to de We show here a Phase 2 clinical trial to
demonstrate the vaccine vector safety and immunogenicity in up to 300
subjects. Preliminary data will be presented here for the first time.

AN INDEX CLUSTER STUDY OF CHIKUNGUNYA IN
NICARAGUA WITH SPATIAL AND RISK FACTOR ANALYSES

Fausto Bustos', Guillermina Kuan?, Nery Sanchez?, Sergio Ojeda?,
Brenda Lépez?, Raquel Burger-Calderon’, Lionel Gresh?, Aubree
Gordon*, Angel Balmaseda®, Angel Balmaseda®, Eva Harris'

'Division of Infectious Diseases and Vaccinology, School of Public Health,
University of California Berkeley, Berkeley, CA, United States, “Health
Center Socrates Flores Vivas, Ministry of Health, Managua, Nicaragua,
3Sustainable Sciences Institute, Managua, Nicaragua, “Department of
Epidemiology, School of Public Health, University of Michigan, Ann Arbor,
M, United States, *Laboratorio Nacional de Virologia, Centro Nacional de
Diagnostico y Referencia, Ministerio de Salud, Managua, Nicaragua

Chikungunya virus (CHIKV) is a mosquito-borne pathogen that has
recently emerged in the Americas. Three main lineages of CHIKV exist,
and the Asian lineage is responsible for the American epidemic. In light
of this recent introduction, an urgent need exists to understand the
transmission and characteristics of CHIKV in this new ecology. Therefore,
we carried out an index cluster study of 60 RT-PCR-confirmed symptomatic
chikungunya index cases presenting to the study health center and 236
household family members (contacts). Baseline (day 1) and follow-up RT-
PCR and serological testing via IgM ELISA and Inhibition ELISA (day 3 and
day 14 or 35), combined with questionnaires of clinical manifestations

at all time-points, enabled identification of incident symptomatic and
asymptomatic infections among the at-risk household contacts. We
identified 90 contacts with current infections at baseline and 21 contacts
who were RT-PCR-negative at baseline but who seroconverted over the
study period. We estimated a symptomatic-to-asymptomatic (S:A) ratio of
1:1.91 (95% bootstrapped-based Cl: 1.06, 4.40). A variable importance
analysis, combined with GEE logistic regression to account for clustered
observations, identified a high frequency of trash collection (OR = 0.38,
95% Cl: 0.21, 0.67), having an outside water faucet (OR = 0.41, 95% Cl:
0.22, 0.76), ownership of a car or motorcycle (OR = 1.99, 95% Cl: 1.11,
3.58), and age (OR = 1.02, 95% Cl: 1.00, 1.03) as significant predictors
of CHIKV infection over the study period and across households. Spatial
analysis identified two households that were hotspots for seroconversions.
Our analyses suggest that the Asian clade of CHIKV present in the
Americas causes fewer symptomatic cases than the more widespread
East/Central/South African CHIKV lineage, which has a reported S:A ratio
of 1:0.03 to 1:0.39. Overall, these results help inform regionally specific
public health planning for future CHIKV outbreaks as well as modeling of
CHIKV transmission dynamics.

IN THE SEARCH OF THE HIDDEN PATH: THE SOURCE AND
SPREAD OF CHIKUNGUNYA AND ZIKA VIRUSES

Adriano de Bernardi Schneider, Lambodhar Damodaran,
Zachary Witter, Daniel Janies

University of North Carolina at Charlotte, Charlotte, NC, United States

Recent outbreaks of taxonomically diverse arboviruses around the world
have raised concern in the global health community about how to abate
the spread of these viruses. A strategy to avoid future outbreaks is not
only respond to current endemic events, but also isolate the regions
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around the world that serve as hubs for the spread of the viruses. Using
phylogenetic analysis of whole genomic sequences as the starting point,
we analyze changes of place of isolation in transmission graphs to
demonstrate not only the source of outbreaks but also key geographic
regions that facilitate the spread. This work uses betweenness centrality

of transmission networks to identify geographic hubs for the spread of
viral lineages. The identification of hubs for the spread of viruses can

show recurrent events that can help to design abatement strategies. Of
interest in this comparison is the similarity of the transit across the world
of these taxonomically diverse viruses that have similar vector biology.
Thus, in addition to understanding hubs for the spread of these viruses,
we underscore the importance of vector control. In our results, we observe
a major hub for Chikungunya in SE Asia and Oceania as sources for the
current outbreaks. In contrast, the outbreak of Zika, which had its origin in
Asia, has a hub in South America. Increased viral surveillance, as well rapid
sequencing of pathogens from infected patients worldwide is the current
path that will allow more granular studies required to investigate emerging
diseases as they evolve and spread.

ADAPTED LONGITUDINAL MOSQUITO SALIVA COLLECTION
METHOD FOR DETERMINING ARBOVIRUS VECTOR
COMPETENCE INCREASES BIOSAFETY AND CAPACITY

Nathaniel M. Byers, Jeremy P. Ledermann, Ann M. Powers
Centers for Disease Control and Prevention, Fort Collins, CO, United States

The recent emergences of Zika, chikungunya and yellow-fever viruses
emphasize the need for rapid, reliable, and safe methods for assaying
arbovirus transmission from various species of mosquitoes. For
transmission to occur, arboviruses must replicate in the mosquito salivary
glands and transmit in the saliva upon feeding on a vertebrate host.
Hence, assaying titers of virus in mosquito saliva is an essential aspect of
evaluating the transmission potential of the vector-virus system. Current
collection methods are laborious and typically require sacrificing the
mosquito, limiting researchers to a single saliva collection time point per
insect. To optimize the collection of mosquito saliva, we adapted the field-
oriented honey-trap method to the laboratory setting. The adaptation of
this technique allows us to collect multiple individual saliva samples over
time by providing filter paper soaked with a sucrose solution, into which
the mosquitoes deposit their saliva. To detect chikungunya virus from
experimentally infected mosquitoes, quantitative reverse-transcription
PCR, normalized to a standard curve, was performed on RNA purified
from the filter paper. We found that 12-well plates sealed with a specially
designed lid (made by 3-D printing) and organdy were suitable habitats for
both Anopheles gambiae and Aedes aegypti, as they provided a compact
living space and improved biosafety. We optimized several aspects of

the feeding, including filter paper size and type, food amount, and dye
concentration for visually identifying fed mosquitoes. Our filter paper
saliva collection technique is a promising method for assaying arbovirus
transmission rates over time from experimentally infected mosquitoes as

it facilitates rapid longitudinal collection of infected saliva from individual
mosquitoes. Also, by eliminating the need for glass capillaries and reducing
manipulation of mosquitoes, this technique improves biosafety, saves time
and allows for increased numbers of mosquitoes per experiment.

EMERGENCE OF RECOMBINANT MAYARO VIRUS STRAINS
FROM THE AMAZON BASIN, THE DAWN OF A NEW
EPIDEMIC?

Carla N. Mavian', Brittany D. Rife', James Jarad Dollar', Eleonora
Cella?, Massimo Ciccozzi?, Mattia C. Prosperi', J Glenn Morris Jr',
llaria Capua’, Marco Salemi'

"University of Florida, Gainesville, FL, United States, Istituto Superiore di
Sanita, Rome, Italy

Mayaro virus (MAYV), the causative agent of Mayaro fever, is an arbovirus
transmitted by the Haemagogus species of mosquito endemic to the
Amazonian forest in South America. Despite its role in a highly debilitating
disease and recent evidence of spread areas outside of the Amazonian
regions of Central and South America, limited information about the
evolution and the epidemiology of MAYV represent an important

barrier to prevention of further spread. We analized host adaptability,
evolutionary and epidemiological history of MAYV strains collected within
the Amazon basin, Sao Paulo State, and Haiti. Bayesian phylogeography
based on molecular clock calibrated genealogies was used to investigate
the spatiotemporal spread of MAYV lineages in South American and the
Caribbean areas, as well as to infer the origin of detected recombination
events. Our analysis revealed specific adaptations to a broad host and
vector range, including humans and the Aedes mosquito species, and
assessed recombination events. The first recombinant strain appeared
between 2002 and 2013 in Para State (Brazil), and moved to Sao Paulo
State, giving rise to a second recombinant that was eventually isolated

in Haiti in 2015. We hypothesize that human mobility and adaptability

to a broad range of host and vector species played a central role in

the emergence of recombinant strains, which are usually rare among
arboviruses. Moreover, the potential urbanization of this virus might be the
beginning of a much larger, more global epidemic and deserves, therefore,
close monitoring in the immediate future.

RE-EMERGING OF MAYARO VIRUS IN AREAS WITH
CIRCULATION OF DENGUE VIRUS IN THE PERUVIAN
AMAZON

Marco Coaguila, Maria Garcia, Maribel Figueroa, Nancy Merino,
Adolfo Marcelo, Miguel Cobos, Cesar Cabezas

National Institute of Health, Lima, Peru

Mayaro virus is an Alphavirus (family Togaviridae). The circulation of
Mayaro virus is frequently a cause of enzootic disease. Climate change is
altering its ecological niche and can affect populations of immunologically
“virgin” humans. Infection with Mayaro virus presents symptoms similar
to dengue, so it is important to consider the differential diagnosis with
other arboviruses. The circulation of Mayaro virus in samples with a
presumptive diagnosis of Dengue within the surveillance of Dengue in

4 regions of the Amazon region of Peru was investigated. A descriptive
study was carried out between January and March 2017, including the
analysis of 1,983 serum samples from patients presenting with acute
febrile syndrome compatible with dengue, which were referred to the
Viral Metaxenic Laboratory of the National Health Institute from dengue
surveillance in Peru. Samples were inoculated into C6/36 HT (ATCC 1660,
Aedes albopictus) and Vero (ATCC, CCL-81, Cercopithecus aethiops) cells.
Cultures in which the cytopathic effect was evidenced, were evaluated
for Dengue, Zika, EEV, Chikungunya, Mayaro and Oropuche virus,

by Immunofluorescence Assay (IFA) using monoclonal and polyclonal
antibodies (CDC, Puerto Rico). The results show the isolation of 186 viral
strains: 155 cases of DENV2 (83.3%), 13 cases DENV3 (6.9%), 5 cases
DENV4 (2.7%), 2 cases ZIKAV (1.1%) and 11 cases with MAYV (5.9%).The
results obtained were corroborated by RT-PCR, confirming the circulation
of Mayaro virus, in addition to Dengue virus in the Peruvian Amazon.

It was evidenced the co-circulation of MAYV and DENV in the Peruvian
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Amazon. These results highlight the importance to carry out surveillance of
the febrile syndrome and the development of tests for a simultaneous and
timely diagnostic of other arboviruses with febrile syndrome according to
the different ecological niches.

NON-INFERIORITY COMPARISON OF TAFENOQUINE SIX-
MONTH RELAPSE-FREE EFFICACY VERSUS PRIMAQUINE IN
PLASMODIUM VIVAX INFECTION: AN INDIVIDUAL PATIENT
DATA META-ANALYSIS

Lindsay K. Kendall', Khadeeja Mohamed?, John J. Breton?, Gavin
C. Koh?, Justin A. Green?

'GlaxoSmithKline, Stevenage, United Kingdom, ?GlaxoSmithKline,
Uxbridge, United Kingdom, >GlaxoSmithKline, Philadelphia, PA, United
States

Tafenoquine (TQ; SB-252263; WR238605) is an 8-aminoquinoline drug
for the radical cure of Plasmodium vivax malaria being co-developed as a
single dose treatment by GlaxoSmithKline (GSK) and Medicines for Malaria
Venture (MMV). The phase 3 programme for tafenoquine consists of

an efficacy study (DETECTIVE part 2, NCT01376167) and a safety study
(GATHER, NCT02216123). DETECTIVE part 2 is designed to demonstrate
superior efficacy of single-dose TQ 300mg over placebo. An arm taking
primaquine (PQ 15mg for 14 days) is included for benchmarking, but
the study is not powered to make a direct comparison of TQ versus

PQ. GATHER is a safety study comparing the TQ versus PQ, the primary
endpoint being clinically-relevant haemoglobin (Hb) decline (defined as a
Hb decline >30g/L or >30% from baseline, or an absolute fall to <60g/L)
and the need for blood transfusion. Recruitment was completed for both
trials at the end of 2016. Patients were aged >16 years, with glucose-6-
phosphate dehydrogenase activity levels >70% of the median in normal
males for that site (or 240% for females in GATHER only). All patients
received chloroquine at baseline and were followed up for six months to
monitor for P vivax relapse and for safety. Patients were recruited from
Brazil, Cambodia, Colombia, Ethiopia, the Philippines, Peru, Thailand, and
Vietnam. The studies were approved by the respective ethics committees
governing each site. Together, these studies will contain data from ~420
patients treated with TQ and ~210 treated with PQ (exact numbers

not known prior to unblinding). We will present a meta-analysis of six-
month relapse-free efficacy using individual patient-level data to test the
hypothesis that TQ is non-inferior to PQ. The TQ versus PQ hazard ratio
and 95% confidence interval (from multivariable Cox regression) will be
assessed for non-inferiority based on a pre-determined non-inferiority
margin of 1.21 (translated from a 75% preserved effect of PQ versus
placebo). Superiority of TQ over PQ will be claimed, if it exists. We will
also present summaries for each study of adverse events by frequency and
severity, including Hb decline and blood transfusions.

CONFIRMATION OF THE BLOOD STAGE SCHIZONTICIDAL
ACTIVITY OF TAFENOQUINE IN A RANDOMIZED, DOUBLE-
BLINDED, PLACEBO-CONTROLLED PLASMODIUM
FALCIPARUM INDUCED BLOOD STAGE MALARIA CHALLENGE
STUDY

James S. McCarthy’, Bryan L. Smith?, Lisa T. Read?, Geoffrey
Dow?

'QIMR Berghofer Medical Research Institute, Herston, Australia,

260 Degrees Pharmaceuticals LLC, Washington, DC, United States,
SUSAMMDA, Fort Detrick, MD, United States

Tafenoquine (TQ), a primaquine analog, with a half-life of ~14 days, has
appealing properties as a drug for malaria chemoprophylaxis. Previous
studies have suggested that TQ is effective against both liver and asexual
blood stages of Plasmodium falciparum. However, it was difficult to
determine the contribution of the blood stage activity to its overall
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prophylactic effect. To investigate its blood stage schizonticidal activity
distinct from liver stage activity, a randomized, double-blinded, placebo-
controlled blood stage challenge study with P falciparum was undertaken
in 16 healthy, malaria-naive adults. The study was conducted in 2 cohorts
of 8 (6 active/2 placebo), with subjects in each cohort receiving 200 mg
of TQ or placebo on days 1, 2, 3 and 10, followed by an IV inoculation
with 2,800 P, falciparum blood stage parasites on day 13. The primary
endpoint was the number of participants requiring rescue treatment with
artementher/lumefantrine due to PCR-determined parasitemia >5,000/mL
before end of study (Day 32). Secondary endpoints include adverse effects,
and TQ concentration if drug failure occurred. All 12 subjects in the TQ
arm remained PCR-negative, while all 4 subjects allocated to placebo
reached target parasitemia in the expected timeframe. Two subjects had a
mild asymptomatic drop in Hb: A female subject allocated to the TQ arm
had a 28g/L (20.3% from baseline of 138g/L) drop despite normal G6PD
levels. G6pd Genotyping is underway; a male subject, also allocated to
TQ had a transient 20g/L (13.7% from baseline of 146g/L)drop in Hb. In
conclusion, the findings of this study support the hypothesis that TQ has
sufficient blood stage schizontocidal activity to prevent clinical malaria if
there is a small subpopulation of liver stage P falciparum parasites that
escape its causal prophylactic effect of TQ.

BUZZOFF - A PHASE 1A, FIRST-IN-HUMAN STUDY OF (+)-
$J000557733 (SJ733), AN ORAL, NOVEL INHIBITOR OF
PLASMODIUM FALCIPARUM PLASMA MEMBRANE PROTEIN
PFATP4

Aditya H. Gaur', John C. Panetta’, Ronald Dallas’, Li Tang’, Tracy
B. Stewart', Kristen C. Branum', Burgess B. Freeman, IlI', Nehali

D. Patel’, Elizabeth John?, Stephan Chalon?, Shelley Ost*, Ryan

N. Heine', Julie L. Richardson', Robbin Christensen’, Patricia M.
Flynn', Yvonne Van Gessel, Branko Mitasevs, Jorg J. Mohrle3,
Fabian Gusovskys, Lidiya Bebrevska?, James McCarthy®, R. Kip Guy’

1St. Jude Children’s Research Hospital, Memphis, TN, United States,
?EJOHN Consulting, Richland, WA, United States, *Medicines for Malaria
Venture, Geneva, Switzerland, “University of Tennessee, Memphis, TN,
United States, °Eisai Inc., Andover, MA, United States, °QIMR Berghofer
Medlical Research Institute, Herston, Australia, University of Kentucky
College of Pharmacy, Lexington, KY, United States

SJ773 is a novel, orally available inhibitor of P falciparum ATP4 (PfATP4;

a critical sodium-proton antiporter in the parasite), and the second in

class to enter clinical development. Preclinical data indicating potent
activity against both standard and drug resistant P falciparum and no
predicted significant toxicity prompted the conduct of a Phase 1a, First-In-
Human Safety and Pharmacokinetic (PK) in adult healthy volunteer study
(ClinicalTrials.gov: NCT02661373). The study employed a single ascending
dose (SAD) escalation design with an adaptive component, allowing for
modifications to the dose increments and number of subjects per cohort
based on PK results. In the SAD, six dose increments were administered

in a fasting state (75, 150, 300, 600, 900, 1200 mg) using a leap-frog
study design. All 23 subjects (22 male, one female) administered 42 single
doses of SJ733 tolerated the study drug well, with no serious adverse
events, dose limiting toxicities, Grade 3 or 4 adverse events (AE), or
clinically significant ECG/safety laboratory tests findings. A majority of the
reported AEs were Grade 1 or less and considered unlikely or un-related to
SJ733. Plasma exposure of SJ733 and its major N-oxide metabolite SJ506
following single oral doses of SJ733 were dose-proportional across the

75 - 600 mg dose range, but plateaued at 900 mg. The median CL/F for
doses > 900 mg was higher than the median value at 75 - 600 mg (56 vs
32 L/h for SJ733 and 27 vs 17 /h for SJ506). The median Tmax for SJ733
was 1.2 h (range 0.7 - 3.0 h). The median t1/2 was dose-independent
around 19 h for both SJ733 and SJ506 . 14 of 15 subjects receiving > 600
mg SJ733 exceeded the target efficacious exposure of 13,000 hr-ng/mL
defined from a relevant preclinical murine malaria model. A standard FDA
high-fat meal at 600 mg did not affect exposure of SJ733, but appeared to
slow the absorption. A phase 1a multiple ascending dose study is currently
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ongoing. In summary, SJ733 demonstrated favorable PK and safety profiles
to date in healthy adults. These results prompted the interposed start of

a Phase 1b human challenge study where SJ733 is tested against induced
blood-stage malaria.

PROPHYLACTIC ACTIVITY OF DSM265 AGAINST PRE-
ERYTHROCYTIC PLASMODIUM FALCIPARUM CONTROLLED
HUMAN MALARIA INFECTION BY MOSQUITO BITES AND
DIRECT VENOUS INJECTION

Sean C. Murphy’, Elizabeth Duke?, Kelly J. Shipman?, Ryan

L. Jensen?, Youyi Fong?, Sue Ferguson?, Holly E. Janes?, Kevin
Gillespie?, Annette M. Seilie', Amelia E. Hanron', Laurie Rinn?,
Matthew Fishbaugher?, Tracie VonGoedert*, Emma Fritzen?, Stefan
H. Kappe?, Ming Chang’, Jason C. Sousas’, Sean R. Marcsisins,
Thomas Rueckle®, Stephan Chaloné, Stephan Duparc, Nicola Kerrs,
Jorg J. Mohrle¢, Nicole Andenmattens, James G. Kublin?

"University of Washington Medical Center, Seattle, WA, United States,
2Seattle Malaria Clinical Trials Center, Seattle, WA, United States, 3Vaccine
and Infectious Disease Division, Fred Hutch Cancer Research Center,
Seattle, WA, United States, “Center for Infectious Disease Research,
Seattle, WA, United States, *Walter Reed Army Institute of Research,
Silver Spring, MD, United States, ®Medicines for Malaria Venture, Geneva,
Switzerland

New anti-malarial drugs are needed for prophylaxis and radical cure.
DSM265 is a triazolopyrimidine-based inhibitor of dihydroorotate
dehydrogenase (DHODH), a key enzyme in pyrimidine biosynthesis.
DSM265 demonstrated promising preclinical activities against liver and
blood stages. The drug also showed causal prophylactic activity when
given one day prior to controlled human malarial infection (CHMI)

by direct venous inoculation (DVI) with Plasmodium falciparum (Pf)
sporozoites (PfSPZ) but was less efficacious when administered one week
before CHMI. This trial was performed to assess the safety, tolerability,
pharmacokinetic profile and prophylactic activity of a single 400mg

dose of DSM265 3 or 7 days prior to CHMI initiated by either DVI of
PfSPZ or by five Pf-infected mosquito bites. The goal was to refine the
dosing interval for prophylaxis. Subjects were treated with atovaquone-
proguanil upon reaching a gRT-PCR treatment threshold of >250 estimated
parasites/mL. Three cohorts (6 treated + 2 placebo control subjects) were
completed with DSM265 dosing 3 (Cohort 1) or 7 (Cohort 2a) days prior
to PfSPZ DVI CHMI or 7 days prior to mosquito bite CHMI (Cohort 2b).
The most common AE related to DSM265/placebo dosing was Grade
1-2 headache. There were no Grade 3 AEs related to DSM265. DSM265
pharmacokinetics were similar for all cohorts (AUC[0-240hr] 1241 pg/mL
* 240 hrs). Placebo controls rapidly became treatment eligible a median
of 8.3 days post-CHMI. For DSM265-treated subjects, 2/6 in each cohort
were sterilely protected while 4/6 showed considerable delay in time

to treatment compared to placebo controls [median time to treatment
Cohort 1: 21.9 d; Cohort 2a: 15.3 d; Cohort 2b: 16.9 d; p = 0.004, log-
rank test comparing time to treatment DSM265 vs. placebo for each
cohort]. One dose of DSM265 (400 mg) given 3 or 7 days prior to CHMI
was safe, well tolerated, sterilely protected 33% of subjects and delayed
time to treatment in the rest. Future studies should evaluate weekly
DSM265 dosing. This is the first drug study to directly compare DVI vs.
mosquito bite CHMI, and times to positivity and treatment as well as
parasite densities were comparable for both routes.

A PHASE 1 EVALUATION OF THE PHARMACOKINETIC-
PHARMACODYNAMIC INTERACTION OF THE ANTIMALARIAL
AGENTS KAF156 AND PIPERAQUINE

F. Joel Leong', Jay Prakash Jain?, Elie Feng?, Budhaditya Goswami?,
Daniel S. Stein*, Cornelis Winnips®

"Novartis Institute for Tropical Diseases, Singapore, Singapore, ?Novartis
Healthcare Private Limited, Hyderabad, India, *Novartis Institutes for
BioMedlcal Research, Shanghai, China, “Novartis Pharmaceuticals
Corporation, East Hanover, NJ, United States, *Novartis Pharma AG, Basel,
Swaziland

KAF156, an imidazolopiperazine, represents a new antimalarial

class with activity against asexual and sexual blood stages and the
preerythrocytic liver stages. Based on in vitro data, a two way interaction
was hypothesized for KAF156 use in combination with piperaquine

(PPQ), a long acting antimalarial, as both drugs are CYP3A4 substrates
and inhibitors. PPQ is known to prolong the QT interval and therefore
potential combination effects on the QT interval were also assessed. This
was an open-label, parallel-group, single-dose study in healthy volunteers
randomized to three parallel dosing arms (1:1:1) of 800 mg KAF156 +
1280 mg PPQ, 800 mg KAF156 alone and 1280 mg PPQ alone. Triplicate
ECGs were done over the first 48 hours after dosing. Routine safety and
pharmacokinetic assessments were carried out up to 61 days. Of the 72
healthy male subjects recruited, 68 completed the study. Co-administration
of PPQ and KAF156 had no overall effect on AUC of both the drugs.
However, Cmax values of both KAF156 (~23%) and piperaquine (~70%)
increased. Statistically it could not be concluded or ruled out an at least
30% increase in the Cmax. Both drugs given alone or in combination were
well tolerated with no deaths and serious adverse events (SAEs). AEs were
observed at the frequency of 87.5%, 79.2% and 58.3% respectively for
the KAF156+PPQ, PPQ arm and KAF156 arm. The most common AEs were
nausea and headache. There were no Grade 3 or 4 events. There were

no ECG related AEs, no QTcF interval >480 msec and no QTcF interval
increase from Baseline >60 ms. Mean maximum increase was observed

at 24 hours post-dose for both KAF156+PPQ and KAF156 monotherapy
arm; the mean increase from pre-dose was 7.9 msec and 6.6 msec,
respectively. For PPQ monotherapy arm, the maximum increase from pre-
dose was found to be 1.8 msec (mean) at 4 hour post-dose. There was
no significant difference between the combination arm and other arms in
maximum change QTcF (p>0.05). Overall, no safety/cardiac risk or drug-
drug interaction was identified which would preclude use of KAF156 and
PPQ combination in future studies.

A RANDOMIZED TRIAL OF THE SAFETY AND EFFICACY OF
LOW DOSE PRIMAQUINE IN THE TREATMENT OF ADULT
PATIENTS WITH PLASMODIUM FALCIPARUM MALARIA IN
SENEGAL

Roger C. Tine', Khadime Sylla', Babacar T. Faye’, Fatou B. Fall?,
Doudou Sow', Magatte Ndiaye', Jean L. Ndiaye', Babacar Faye',
Oumar Gaye', Paul Milligan?

'Service de Parasitologie, Faculté de Médecine de Dakar, Dakar, Senegal,
’National Malaria Control Programme, Ministry of Health Senegal, Dakar,
Senegal, *Faculty of Epidemiology and Public Health, London School of
Hygiene & Tropical Medicine, London, United Kingdom

The addition of a single dose of primaquine (0.25 mg base/kg) to
artemisinin combination treatments (ACTs) is a potentially useful
component of malaria pre-elimination or elimination programmes. But
before it can be widely used in Africa more information about its safety in
populations where G6PD deficiency (GEPDd) is common is required. This
study assessed the safety of adding low-dose primaquine to the normal
ACT regimen in adult patients treated for malaria in Senegal. Adults with
Plasmodium falciparum malaria were randomized to receive one of three

astmh.org



ACT with or without primaquine (PQ) (0.25mg/kg). G6PD status was
determined using a rapid test. Patients were followed for 28 days to record
haemoglobin concentration, adverse events, and gametocyte carriage.
The primary end point was the change in Hb at day 7. Other end points
included: occurrence of severe anaemia (Hb<8), gametocyte carriage;
incidence of clinical adverse events. A mixed model was used to estimate
the effect of PQ on haemoglobin concentration at each time point, and to
assess the interaction with G6PD status. 274 patients were randomized,
139 received an ACT alone, and 135 received an ACT+PQ. The mean
reduction in Hb at day 7 was similar in each group with a difference in the
ACT+PQ versus the ACT alone group of -0.04g/dL (95%Cl -0.23,0.31)
but the effect of primaquine differed according to G6PD status. In G6PDd
patients the drop in Hb was 0.63g/dL (95%CI 0.03;1.24) greater in those
who received PQ than in those who received an ACT alone. In G6PD-
normal patients, the reduction in Hb was 0.22g/dL (95%CI -0.08;0.52)
less in those who received PQ (interaction p=0.01). Dark urine was

more frequent in patients who received PQ. PQ was associated with

a 73% (95%Cl:24 - 90) reduction in gametocyte carriage (p=0.013).

In conclusion, Primaquine substantially reduced gametocyte carriage.
However, the fall in Hb concentration at day 7 was greater in G6PD-
deficient patients who received primaquine than in those who did not.

THE PLASMODIAL ACYL CO-A SYNTHETASE 10 AND 11
ARE INVOLVED IN DRUG RESISTANCE TO TWO DISTINCT
ANTIMALARIAL COMPOUNDS

Selina Bopp', Pamela A. Magistrado, Victoria C. Corey?, Maria
G. Gomez-Lorenzo?, Virginia Franco?, Allison Demas’, Amanda K.
Lukens?, Francisco-Javier Gamo?, Elizabeth A. Winzeler?, Dyann F.
Wirth'

"Harvard T.H. Chan School of Public Health, Boston, MA, United States,
2University of California San Diego, San Diego, CA, United States, *Malaria
DPU.GlaxoSmithKline, Tres Cantos, Spain, “The Broad Institute, Cambridge,
MA, United States

The emergence and spread of drug resistance to current antimalarial
therapies remains a pressing concern, escalating the need for compounds
that demonstrate novel modes of action and prevent the development

of drug resistance. The Malaria Drug Target Identification Project has
adopted a chemogenomic approach to identify targets of the most
promising compounds from chemically diverse libraries. Study compounds
were selected based on availability, purity, and potency in a multi-drug
resistant isolate, and lack of known mechanism of action. To generate
resistant parasite lines 3D7 parasites were cultured in the presence

of these novel compounds until they showed at least a 2-fold shift in
EC50 at which time they were cloned and analyzed by whole genome
sequencing. Two structurally unrelated compounds analyzed (MMV665924
and MMV019719) selected for parasites with mutations in the acyl

Co-A synthetase 11 (ACS 11, PF3D7_1238800) gene. Selection with
MMV665924 also resulted in a single nucleotide polymorphism (SNP) in
the ACS10 (PF3D7_0525100) locus. ACS11 and ACS10 are both members
of the ACS gene family that activate fatty acids (FA) scavenged from

the host. To confirm the role of these mutations in resistance to the two
compounds we used the CRISPR/CAS9 system to introduce the SNPs into
a 3D7 line. Introduction of the SNPs increased the level of resistance to
the same level as the drug selected lines confirming the role of these SNPs
in drug resistance. These are the first functional mutations in this gene
family. However, the ACS family is heterogeneous both with regards to
gene number and diversity within natural populations. ACS10 and 11
alone have 65 different nonsynonymous SNPs reported. We discovered
natural mutations at the same site at high prevalence in the Malawi
parasite population Indeed, an isolate containing the M300I mutation in
ACS10 was fourfold more resistant to MMV665924 than a matched wild-
type Malawi isolate. These findings indicate that mutations in /oci related
to FA activation can confer drug resistance, and that these mutations are
identified among natural P falciparum isolates from Malawi implicating
their importance.
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GENOMES OF TROMBIDIOID MITES UNCOVER ADAPTATIONS
TO PARASITISM IN THE SCRUB TYPHUS VECTOR,
LEPTOTROMBIDIUM DELIENSE

Xiaofeng Dong!, Kittipong Chaisiriz, Martin J. Donnelly?, John
W. McGarry*, Tatsuhiko Kadowaki', Alistair C. Darby*, Ben L.
Makepeace*

'Xi'an Jiaotong-Liverpool University, Suzhou, China, ?Mahidol University,
Bangkok, Thailand, 3Liverpool School of Tropical Medicine, Liverpool,
United Kingdom, “University of Liverpool, Liverpool, United Kingdom

The mite superfamily Trombidioidea, in which only the larvae are parasitic,
contains two major families, the Trombidiidae and the Trombiculidae.
Trombidiids (velvet mites) include species in which the larvae parasitize
arthropods of agricultural, veterinary and/or medical importance, and
some adult forms are predators of pest arthropods. Larval trombiculids,
commonly known as “chiggers,” parasitize a wide range of vertebrates,
including humans, and are vectors of scrub typhus, a tropical disease

of increasing importance worldwide. Here we present the genomes of
the giant red velvet mite, Dinothrombium tinctorium, and the primary
South-East Asian scrub typhus vector, Leptotrombidium deliense. In
support of the classical taxonomic scheme, these species form a distinct
branch of the order Trombidiformes, with an estimated divergence time
from the spider mites (Tetranychidae) of 250 million years. Relative to

the phytophagous Tetranychus urticae, trombidioid mites exhibit a small
expansion in ionotropic receptors involved in olfaction and temperature
sensing. Approximately 25 orthologous clusters of putative salivary
proteins in the trombidioid mites are shared with ticks but not the more
closely related T. urticae, and include proteins with potential roles in
folate metabolism, countering inflammation, and vasoconstriction. In L.
deliense, several predicted allergens are present that were not found in
other mite genomes, including Sarcoptes scabiei. Moreover, analysis of
bacterial sequences revealed that Borreliella and Francisella are among the
more abundant components of the L. deliense microbiome. These findings
highlight adaptations to parasitism of the trombidioid mites and will
facilitate further high-throughput and functional analyses for exploitation
and control of this group.

COMMUNITY DIRECTED VECTOR CONTROL FOR
ONCHOCERCIASIS

Benjamin Jacob', Denis Loum?, Thomson Lakwo?, Peter Alinda?,
Peace Habomugisha“, Thomas R. Unnasch’

"University of South Florida, Tampa, FL, United States, ?Nwoya District
Local Government Health Department, Gulu, Uganda, *Vector Control
Division, Ministry of Health, Kampala, Uganda, “The Carter Center,
Kampala, Uganda

Onchocerciasis elimination programs rely primarily upon mass distribution
of ivermectin (MDA). However, supplementing MDA with vector

control will accelerate, and in some cases may be necessary, to achieve
elimination. Insecticide treatment of vector (Simulium spp) breeding sites

is the accepted method of vector control for onchocerciasis. However, this
is both expensive and potentially harmful to the environment. We have
evaluated a novel vector control method based upon removal of vegetative
substrates for black fly larvae by community members (Slash and Clear). S.
damnosum s.|. breeding sites in Northern Uganda were identified using a
previously developed remote sensing model. A total of eight communities
located within 1km of a breeding site were identified and organized into
pairs. Biting rates were monitored in all communities for 8 days. Volunteers
from one community in each pair were then taught to remove the trailing
vegetation at the breeding sites, while no interventions were carried out

in the paired control community. Biting rates were then monitored for a
period of 21 days post intervention. A significant reduction in the biting
rates (averaging 90%) was observed at days 16-21 post intervention the
intervention communities, while biting rates in the control averaged 100%
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of those seen in the first seven days at days 16-21. Long-term followup in
two villages indicated that the effect was long lasting, with fly numbers in
two intervention communities reaching just 31% of pre-intervention levels
at 130 days post-intervention. These data suggest that slash and clear
may represent a viable alternative to insecticide treatment of breeding
sites for reduction of S. damnosum s.l. biting in onchocerciasis endemic
communities in Africa. Combining slash and clear with ivermectin MDA
may accelerate elimination of onchocerciasis in many communities where
this technique is feasible.

ATTRACTION AND OVIPOSITION PREFERENCES OF
PHLEBOTOMUS PAPATASI, VECTOR OF OLD-WORLD
CUTANEOUS LEISHMANIASIS, TO LARVAL REARING MEDIA
AND SAPROPHYTIC BACTERIA

Gideon Wasserberg', Bhajat F. Marayati', Tatsiana Symanovich',
Loganthan Ponnusamy?, Charles Apperson?, Eduardo Hatano?,
Madhavi Kakumanu?, Coby Schal?

"University of North Carolina at Greensboro, Greensboro, NC, United
States, North Carolina State University, Raleigh, NC, United States

We report the preliminary results of a systematic assessment of media
from various developmental stages of the sand fly using oviposition and
olfactometer behavioral assays. We conducted multiple-choice oviposition
assays in 500 mL Nalgene jars. Six treatments were placed on separate
filter paper discs at the bottom of the jar: 2nd/3rd larval instar medium,
4th larval instar/pupae medium, frass from expired colonies, larval food
(aged rabbit chow and rabbit feces mix), rabbit feces, and a solvent (water)
control. Fifty gravid females were introduced into each jar. Cumulative
number of eggs laid on each filter paper per jar was counted at different
time intervals from digital images. Attraction of gravid sand flies to

these six treatments was assayed with a 3-chamber linear olfactometer.
Twenty gravid females were transferred to the middle chamber of the
olfactometer and their distribution in treatment and control chambers was
recorded after 3 h. Comparing mean cumulative egg deposition among
the six treatments, we found that significantly more eggs were oviposited
on 2nd/3rd larval rearing medium followed by 4th instar/pupae rearing
medium. The olfactometer results were consistent with the oviposition
assays. Twelve bacterial species were cultured from this most-attractive
substrate and evaluated for their attractiveness to gravid females. Our
finding indicates that sand fly-digested host food and feces is attractive

to gravid females and suggests that the larvae and larval gut microbiome
may be involved in conditioning the oviposition substrate and possibly the
production of oviposition attractants and stimulants. Chemical structures
of GC-EAD bioactive compounds isolated from attractive bacterial strains
were elucidated by gas-chromatography-mass spectrometry (GC-MS).
Analysis of volatile compounds using a capillary column of different
polarity revealed that the antennal active compound was a mixture of two
compounds.

A LESS DIVERSE TICK MICROBIOME IS ASSOCIATED WITH
RICKETTSIA INFECTED TICKS

Rebecca Trout Fryxell, Jennifer DeBruyn
University of Tennessee, Knoxville, TN, United States

Spotted Fever Group Rickettsiosis agents have been identified in more than
ten ixodid tick species. Specifically, in southwestern Tennessee Rickettsia
amblyommatis was recovered from Amblyomma americanum, R. parkeri
from A. maculatum, and R. montanensis from Dermacentor variabilis.
Knowing vector microbiomes modulate infection, our objectives were

to define and compare the tick microbiome by describing the microbial
communities within three different tick species and comparing those
communities with the presence and absence of Rickettsia species.Field-
collected ticks were screened for Rickettsia using ompA PCR to determine
initial infection, then the V3-V4 region of the 16S rRNA segment of

bacterial genomes was amplified using the lllumina MiSeq platform. The
Mothur pipeline was used to investigate the structure of the microbiome
of each species and determine differences based on tick species, diversity,
richness, and presence of Rickettsia. We identified unique microbial
communities within each tick species, and discovered bacteria common

in all three species. We also observed a significant difference in the
diversity and richness of Rickettsia infected ticks, and that the microbiome
of Rickettsia-positive ticks were enriched with specific bacteria and less
diverse. We also noted that the traditional ompA-PCR had lower sensitivity
and higher specificity than 16S MiSeq libraries for amplifying Rickettsia.
These foundational data summarize the microbial communities of three
tick species associated with Rickettsia infection, and demonstrate the
potential use of lllumnia sequencing for diagnostics. Identifying the
microbiota within Ixodid ticks of different species and pathogen presence-
absence can provide an additional option for vector-borne zoonotic
disease management to improve human and animal health.

SARCONESIN: A NEW ANTIBACTERIAL PEPTIDE

FROM BLOWFLY SARCONESIOPSIS MAGELLANICA
(DIPTERA:CALLIPHORIDAE) LARVAL EXCRETIONS AND
SECRETIONS

Andrea Diaz-Roa', Manuel A. Patarroyo?, Pedro I. da Silva
Junior?, Felio J. Bello*

"Universidad Antonio Narifio, Bogota-Colombia and Laboratdrio Especial
de Toxinologia Aplicada, Instituto Butantan, Bogota and Sdo Paulo, Brazil,
Colombia, ?Molecular Biology and Immunology Department, Fundacion
Instituto de Inmunologia de Colombia (FIDIC), Bogota, Colombia and
Basic Sciences Department, School of Medicine and Health Sciences,
Universidad del Rosario, Bogota, Colombia, 3Laboratério Especial de
Toxinologia Aplicada, Instituto Butantan, Sao Paulo, Brazil, “Universidad
Antonio Narifio, Bogota, Colombia

Larval therapy (LT) is an alternative treatment for healing chronic wounds;
its action is based on debridement, the removal of bacteria and stimulating
granulation tissue. The most important mechanism when using LT for
combating infection depends on larval excretions and secretions (ES).
Larvae are protected against infection by a spectrum of antimicrobial
peptides (AMPs); the goal of this study was to evaluate the presence of
AMPs in the ES of a medically-important necrophagous fly previously

used in LT: Sarconesiopsis magellanica (Diptera: Calliphoridae). The study
of this specie becomes significant in wound healing, since they degrade
necrotic tissue and kill different bacteria during LT. This study shows

for the first time a small AMP being isolated from S. magellanica ES
products obtained from third-instar larvae. For the first analysis, ES were
fractionated by RP-HPLC using C18 columns; the antimicrobial activity of
the fractions was evaluated by incubation with different pathogens. The
primary sequences of the fractions were determined by mass spectrometry
and de novo sequencing; five fractions with antimicrobial activity were
obtained, the Sarconesin fraction was characterized and the minimum
inhibitory concentrations (MIC) were tested in serial dilution starting at
1.2 uM. Potent inhibitory activity was shown against Gram-negative
(Escherichia coli D31, Pseudomona aeruginosa 27853) and Gram-positive
(Staphylococcus aureus ATCC 29213, Micrococcus luteus A270) bacteria.
Sarconesin shows similarity with Rho-family GTPases which are important
in organelle development, cytoskeletal dynamics, cell movement and
wound repair. The data reported here indicated that Sarconesin, a small
13 residues AMP, could be a promissory alternative candidate for use in
therapeutics against Gram-negative and Gram-positive bacterial infection.
Our study describes one peptide responsible for antibacterial activity when
LT is being used. The results shown here support carrying out further
experiments aimed at validating S. magellanica AMPs as novel resources
for combating antibacterial resistance.
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MATHEMATICAL MODELLING OF FOCAL VECTOR CONTROL
AS A COMPLEMENTARY STRATEGY FOR ONCHOCERCIASIS
ELIMINATION

Isobel Routledge’, Martin Walker?, Robert A. Cheke?, Pierre
Baleguel Nkot*, Graham Matthews®, Maria-Gloria Basafiez®

'Imperial College London and MRC Centre for Outbreak Analysis and
Modelling, London, United Kingdom, ?Royal Veterinary College and
London Centre for Neglected Tropical Disease Research (LCNTDR), Hatfield,
United Kingdom, *University of Greenwich at Medway, Chatham Maritime,
Kent, United Kingdom, “Yaoundé Initiative Foundation, Yaoundé,
Cameroon, *Imperial College London and Yaoundé Initiative Foundation,
London, United Kingdom, ¢Imperial College London and London Centre
for Neglected Tropical Disease Research (LCNTDR), London, United
Kingdom

The control of onchocerciasis is considered a public health success story.
The Onchocerciasis Control Programme in West Africa (OCP, 1974-2002),
initially an anti-vectorial intervention in 11 countries, averted 600,000
cases of preventable blindness and made 25 million hectares of land
habitable and productive. The African Programme for Onchocerciasis
Control (APOC, 1995-2015), mainly an anti-parasitic intervention in the
remaining endemic African countries, averted 17.4 million disability-
adjusted life years (DALYs). None of these programmes, however, led to
regional elimination of Onchocerca volvulus by the time of their closure.

In 2012 the World Health Organization set goals for the elimination

of onchocerciasis transmission by 2020 in selected African countries.
Mathematical modelling has indicated that elimination will not be
achieved with annual ivermectin distribution in all endemic foci; alternative
treatment strategies (ATS) will be required. One such ATS is localized vector
control in foci with intense transmission. Models need to consider the
population dynamics and ecology of the main vector, Simulium damnosum
sensu lato (s.l.), to evaluate the potential epidemiological impact of

vector control in combination with current and complementary treatment
strategies. We refined our simuliid population dynamics model to explore
the impact of larviciding on S. damnosum s.1. biting rates. We calibrated
the model with datasets from: a) OCP-era savanna sites in Ghana where
larviciding was interrupted and then resumed; b) sites in Nigeria that
underwent early-stage larviciding, and c) forested APOC sites in Equatorial
Guinea and Cameroon. We explored the impact of varying the frequency,
duration and efficacy of larvicidal treatments on the effectiveness of
vector control, quantified as the number of blackfly bites prevented. We
discuss our results in the context of implementing ATS for the control and
elimination of onchocerciasis in Africa, and integrate our vector model into
the EPIONCHO transmission model to explore how localized, low-cost,
vector control might complement ivermectin-based interventions.

SYSTEMIC INSECTICIDE TREATMENT OF THE CANINE
RESERVOIR OF TRYPANOSOMA CRUZI INDUCES HIGH
LEVELS OF LETHALITY IN TRIATOMA INFESTANS, A
PRINCIPAL VECTOR OF CHAGAS DISEASE IN BOLIVIA

Louisa A. Messenger’, A. Loza?, A. Talaga®, G. Herbas?, J.
Canaviriz, T. Cahuasiri2, L. Luck?, A. Guibarra?, A. Monero?, R.
Goncalves?, JA Peireraz, SA Gomez4, A. Picado?, C. Bern®, O.
Courtenay?

"London School of Hygiene & Tropical Medicine, London, United Kingdom,
2Universidad Autonoma Gabriel Rene Moreno, Santa Cruz, Plurinational
State of Bolivia, University of Warwick, Coventry, United Kingdom,
“Barcelona Institute for Global Health, Barcelona, Spain, *University of
California San Francisco, San Francisco, CA, United States

Despite large-scale reductions in Chagas disease prevalence across Central
and South America, Trypanosoma cruzi infection remains a considerable
public health problem in the Bolivian Gran Chaco region where vector-
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borne transmission persists. In these communities, peridomestic animals
are major blood-meal sources for triatomines, and dogs play an important
role in maintaining bug populations, potentially compromising the
long-term sustainability of current control efforts. This study evaluated
the systemic activity of three commercial oral insecticides (Bravecto®,
fluralaner; NexGard®, afoxolaner; and Comfortis®, spinosad) in canine
feed-through assays against Triatoma infestans. Twelve healthy, outbred
dogs were recruited from the national rabies control program in Santa
Cruz, Bolivia, and randomized to three groups, containing one control
and three treated dogs. Following treatment, starved 2nd and 3rd stage
T. infestans instars were exposed to dogs for 30 minutes at 2, 7, 21, 34
and 51 days post-treatment. Eighty-five per cent (768/907) of T. infestans
successfully blood-fed during bioassays, with significantly more bugs
becoming fully-engorged when exposed to Bravecto® dogs (p<0.001).
Bravecto® or NexGard® treatment induced 100% triatomine mortality

in fully- or semi-engorged bugs within 5 days of feeding at every time
point. The lethality effect for Comfortis® was much lower (50-70%) and
declined almost entirely after 51 days. Instead Comfortis® resulted in
substantial morbidity; a third of bugs fully recovered after 120 hours but
were unable to feed even 30 days later. A single oral dose of Bravecto®
or NexGard® was safe and well tolerated, producing complete triatomine
mortality on treated dogs over 7.3 weeks. While both drugs were highly
efficacious, more bugs exposed to Bravecto® were immediately knocked-
down and took complete blood-meals. Coupled with its longer residual
activity, Bravecto® represents an ideal insecticide to develop into an
operationally-feasible, community-level method of reducing triatomine
infestation and controlling T. cruzi transmission in the Bolivian Gran Chaco
region.

RENEWED MASS DRUG ADMINISTRATION’S IMPACT ON
LYMPHATIC FILARIASIS IN A POPULATION WITH LONG
LASTING INSECTICIDAL BEDNETS IN PAPUA NEW GUINEA

Daniel J. Tisch', Brooke Mancuso’, Yao-Chieh Cheng’, Samson
Satofan?, James Suamani?, Willie Pomat?, Christopher L. King’,
James W. Kazura', Peter A. Zimmerman'

Case Western Reserve University, Cleveland, OH, United States, *Papua
New Guinea Institute of Medical Research, Maprik, Papua New Guinea,
3Papua New Guinea Institute of Medical Research, Goroka, Papua New
Guinea

A community of 5000 people in Dreikikir, Papua New Guinea (PNG)
received 5 annual Mass Drug Administrations (MDA) 20 years ago,
dramatically decreasing lymphatic filariasis (LF) prevalence but failing

to end transmission. Subsequent vector control against the anopheline
vector with long lasting Insecticidal bednets (LLIN) in 2009 reduced
mosquito density and LF vectorial transmission potential to the point
where transmission cessation was considered possible. To assess the
impact of renewed MDA in 2015, night-time finger prick blood samples
were collected from a sentinel group of 530 children <10 years-of-age (y)
and 732 individuals 11-80y in 14 villages characterized as “moderate” or
"high” transmission (32-63% and 63-85% MF+ prior to any interventions,
respectively) before MDA (January-May 2015) and one year after MDA.
Samples were examined for Mf by microscopy and filarial antigen by

rapid tests (ICT in 2015 and the more sensitive FTS in 2016; because

the tests are not directly comparable only FTS are reported). Additional
monitoring assays (BM14, WB123 and Og4(C3) are ongoing. In the
“moderate transmission” sites prior to renewing MDA, children <10y had
0% MF+ and individuals >10y 2.8% MF+. In 2016 ALL individuals were
MF negative, however infections persisted: children <10y 1.7% were FTS+
and individuals >10y 21.0% were FTS+. In “high transmission” sites MF
prevalence decreased from 2.8% to 0.6% in <10y after MDA and from
22.0% MF+ to 15.1% MF+ in >10y. FTS positivity remained high in both
age groups, 12.2% FTS+ in <10y and 59.9% in >10y. Though MF+ fell
below limits of detection in moderate transmission sites, sustained antigen
positivity in the population, especially in sentinel age children, highlights
ongoing transmission. The adjacent higher transmission villages (2 to
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15 km away in the same treatment unit) remained above programmatic
thresholds to continue MDA. Factors contributing to ongoing transmission
are failure of current MDA combinations to completely eliminate Mf and
the inability to achieve adequate coverage of individuals with high Mf
counts. Continuing studies aim to address these limitations for current
MDA programs.

MAPPING OF LYMPHATIC FILARIASIS IN LOIASIS AREAS: A
NEW STRATEGY SHOWS NO EVIDENCE FOR WUCHERERIA
BANCROFTI ENDEMICITY IN CAMEROON

Samuel Waniji', Mathias E. Esum’, Abdel N. Jelil', Amuam A.
Mbeng', Chounna N. Patrick’, Raphael Abong’, Jerome Frur,
Fanny F. Fombad', Gordon T. Nchanji', Ngandjui Narcisse', Peter
Enyong', Helen Storey?, Kurt C. Curtis?, Kerstin Fischer?, Peter U.
Fischer:

"University of Buea, Buea, Cameroon, ?PATH, Seattle, WA, United States,
3Washington University School of Medicine, St. Louis, MO, United States

Mapping of lymphatic filariasis (LF) caused by Wuchereria bancrofti largely
relied on the detection of circulating antigen using the ICT card test.
Several studies have recently shown that this test is cross-reactive with sera
of subjects heavily infected with Loa loa and that mapping results in loiasis
endemic areas may be inaccurate. In order to develop an LF mapping
strategy for areas with high loiasis prevalence, we collected day blood
samples from 5,000 subjects residing in 50 villages in 5 areas throughout
Cameroon (south, central, south-east North-west and far-north). Antigen
testing using FTS (a novel platform that uses the same reagents as ICT),
revealed an average positivity rate of 1.1% and L. loa microfilaria (Mf)
rates between 0.1 and 43.4%. Among the subjects with 0 to 8,000 Mf/ml
only 0.5% were FTS positive, while 25% of 118 subjects with >8,000 Mf/
ml were also FTS positive. None of the FTS positive samples was positive
for W. bancrofti antibodies as measured by two different PoC Wb123
tests that use an antigen not found in L. Joa. Night blood examination

of the FTS positive subjects showed also a high prevalence of L. loa Mf
with average densities of up to 9,180 Mf/ml, but no W. bancrofti Mf
(confirmed by gPCR). Our results show that high L. loa Mf in day blood are
a reliable predictor for FTS positivity and rapid Wb123 tests can be used
to confirm the absence of W. bancrofti. Lymphedema cases that were
encountered during our surveys were most likely not due to W. bancrofti,
but due to podoconiosis or other factors. Our study provides a simple day
blood-based algorithm for LF mapping in loiasis areas and indicates that
Cameroon is mostly non-endemic for LF and does not require mass drug
administration for the elimination of LF.

IVERMECTIN PROTECTS AGAINST EPILEPSY IN
ONCHOCERCIASIS ENDEMIC REGIONS IN THE DEMOCRATIC
REPUBLIC OF THE CONGO

Robert Colebunders’, Floribert Tepage?, Chellafe Ensoy-Musoro?,
Michel Mandro?, Bethany Levick®, Patrick Suykerbuyk’, Caroline
Bonareri Osoro¢, Alliance Tagoto’, Anne Laudisoit’
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and Referral Hospital, Laikipia, Kenya, “Ministry of Health, Kisangani,
Democratic Republic of the Congo

An increased prevalence of epilepsy has been reported in many
onchocerciasis endemic areas. To determine the prevalence of epilepsy in
onchocerciasis endemic areas in the Democratic Republic of the Congo
(DRC) and investigate whether a higher annual intake of Ivermectin was
associated with a lower prevalence of epilepsy. Between July 2014 and
February 2016, house-to-house epilepsy prevalence surveys were carried
out in areas with a high level of onchocerciasis endemicity: 3 localities in

the Bas-Uele, 24 in the Tshopo and 21 in the Ituri province. lvermectin
uptake was recorded for every household member. A case of epilepsy was
defined as a patient who reported at least 2 unprovoked seizures without
fever or any acute illness. This database allowed a village, age and gender
matched case-control pair subset to be created that enabled putative risk
factors for epilepsy to be tested using univariate logistic regression models.
Risk factors relating to onchocerciasis were tested using a multivariate
random effects model. Of 12, 408 people examined in the different
health areas 407 (3.3%) were found to have a history of epilepsy. A high
prevalence of epilepsy was observed in health areas in the 3 provinces:
6.8-8.5% in Bas-Uele, 0.8-7.4% in Tshopo and 3.6-6.2% in Ituri. Median
age of epilepsy onset was 9 years, and the modal age 12 years. Using

the whole survey database, male gender, and onchocerciasis skin lesions
were associated with a significantly higher risk of being a person with
epilepsy. A case control analysis of 96 cases and 96 controls demonstrated
that before the appearance of epilepsy, compared to the same life period
in controls, persons with epilepsy were around two times less likely (OR:
0.52; 95%Cl: (0.28, 0.98) to have taken Ivermectin than controls. After
the appearance of epilepsy, there was no difference of lvermectin intake
between cases and controls. In conclusion, our study showed that the
epilepsy prevalence in onchocerciasis endemic regions in the DRC was
2-10 times higher than in most non-onchocerciasis endemic regions in
Africa and that in these onchocerciasis endemic regions Ivermectin intake
protects against epilepsy.

A NOVEL RAPID TEST FOR DETECTING ANTIBODY
RESPONSES TO LOA LOA INFECTIONS

Marco A. Biamonte', Bijan Pedram’, Papa M. Drame?, Valérie
Pasquetto?, Maria J. Gonzalez-Moa', Yongchang Ji', Richard K.
Baldwin?, Thomas B. Nutman?
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Loa loa affects over 10 million people in sub-Saharan Africa and is of
particular significance in the context mass drug administrations (MDAs)
aimed at eliminating onchocerciasis. Ivermectin is the only approved drug
for such purposes but can induce severe adverse events in a subset of
individuals with high levels of L. loa microfilariae. Extending MDAs to areas
with coincident L. foa infection is problematic, and inexpensive point-of-
care tests for L. Joa are acutely needed to support programmatic decisions.
Herein, we present the first lateral flow assay (LFA) to detect subjects
serological response to L. loa. The assay detects antibodies directed against
LI-SXP-1, a specific and validated marker of L. loa infection. The test was
evaluated on serum samples from patients infected with L. loa (n=109)
and other helminths (n=187), as well as on uninfected controls (n=78).
When read with the naked eye, the test was 94% sensitive for L. loa
infection and was 100% specific when sera from healthy endemic and
non-endemic controls or from those with S. stercoralis infections were
used as the comparators. When sera of patients with O. volvulus or W.
bancrofti were used as the comparators, the specificity of the LFA was
82% and 87 % respectively. A companion smartphone reader allowed
measurement of the test line intensities and establishment of cutoff
values. With a cutoff of 800 reader units, the assay sensitivity decreased to
56%, but the specificity increased to 97% for O. volvulus and 100% for
W. bancrofti-infected individuals. The LFA may find applications in refining
the current maps of L. Joa prevalence, which are needed to eliminate
onchocerciasis from the African continent.
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DEVELOPING THE FIRST NATIONAL DATABASE AND MAP OF
LYMPHATIC FILARIASIS CLINICAL CASES IN BANGLADESH

Mohammed J. Karim', Hayley E. Mableson?, Rouseli Haq’,
Mutasim B. Azad', ASM Sultan Mahmood', Abul Khair', Mujibur
Rahman’, Salim Chowdhury?, AKM Fazlur Rahman3, Sharmin
Jahan?, Israt Hafiz', Charles D. Mackenzie?, Mark Taylor?, Louise A.
Kelly-Hope?

'Filariasis Elimination and STH Control Program, Ministry of Health and
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The Bangladesh Filarial Elimination Programme (FEP) is on track to meet
the Global Programme to Eliminate Lymphatic Filariasis (GPELF) targets of
2020 by interrupting transmission with mass drug administration (MDA)
and alleviating suffering by managing morbidity and preventing disability
(MMDP) for 70 million people at risk. This study aimed to highlight FEP's
success in determining the number of people affected by lymphoedema
and hydrocoele, and to develop risk maps for targeted interventions
across the 34 endemic districts (19 high; 15 low prevalence). In the 19
high endemic districts, 8,145 community clinic (CC) staff were trained to
search for LF cases household census in catchment areas between 2013-
2016 and registering all cases. In the 15 low endemic districts a team of
10 trained field assistants conducted active case finding utilising health
facility records, health worker and community informants to identify and
medically verify cases, with cases reported via a SMS mHealth database.
Data recorded included general demographic (location, patient name,
address, age, gender), and clinical information (lymphoedema, hydrocoele,
severity, acute dermato-lymphangioadenitis (ADLAs). In the 19 high
endemic districts, a total of 43,678 clinical cases were identified; 30,616
lymphoedema [70.1%; female 55.3%], 12,824 hydrocoele [29.4%],

and 238 breast/female genital swelling [0.5%]. Rangpur district reported
the highest number (8,545 lymphoedema; 2,654 hydrocoele). Overall

the prevalence rate was 126/100,000 [highest in Lalmonirhat district
583/100,000]. In the 15 low endemic districts, 733 cases were identified;
661 lymphoedema [90.2%; female 39.6%], 57 hydrocoele [7.8%], and
15 both conditions [2.0%]. Risk maps, spatial and statistical analysis found
district clinical prevalence was geographically and statistically correlated to
baseline microfilaria (Mf) prevalence at r=0.904 [p<0.01]. FEP's remarkable
efforts to identify LF cases across all districts represents one of the most
comprehensive national databases on clinical LF in the world and provides
a template for other countries to learn from and/develop.

PROJECTED NUMBER OF PEOPLE WITH ONCHOCERCIASIS-
LOIASIS CO-INFECTION IN AFRICA, 1995-2025

Natalie V.S. Vinkeles Melchers', Afework H. Tekle?, Luc E.
Coffeng’, Sébastien D. Pion3?, Honorat G. Zouré?, Belén Pedrique?,
Michel Boussinesg?, Samuel Wanijis, Hans J. Remme¢, Wilma A.
Stolk?

'Department of Public Health, Erasmus MC, University Medical Center
Rotterdam, Rotterdam, Netherlands, ?°Department of Neglected Tropical
Diseases, World Health Organization, Geneva, Switzerland, *UMI233-
TransVIHMI, Institut de Recherche pour le Développement (IRD), INSERM
U1175, University of Montpellier, Montpellier, France, “Drugs for
Neglected Diseases initiative, Geneva, Switzerland, *Parasites and Vectors
Research Unit, Department of Microbiology and Parasitology, University of
Buea, Buea, Cameroon, ¢120 rue des Campanules, Ornex, France

In Central Africa, community-directed treatment with ivermectin (CDTI)
against onchocerciasis is hampered by co-endemicity of Loa loa, as people
with >30,000 Loa microfilariae/mL of blood can develop potentially fatal
severe adverse events (SAEs). To be conservative, test and treat approaches
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will likely use a threshold of >20,000 Loa microfilariae/mL for exclusion
from ivermectin treatment. We estimate the number of individuals with
Onchocerca volvulus and Loa co-infections who are at risk (20,000 Loa
microfilariae/mL) for post-ivermectin SAEs, for 1995, 2015 and 2025. We
combined pre-control rapid assessment data (REMO and RAPLOA) on
onchocerciasis and loiasis prevalence. The loiasis data were categorised
by proportions of people with >20,000 Loa microfilariae/mL. We used

the mathematical model ONCHOSIM to calculate the expected trends in
O.volvulus prevalence for 1995 to 2025, accounting for local treatment
history. The impact of ivermectin treatment on loiasis was considered
based on published data, with a one-time reduction in Loa prevalence and
intensity after one round of CDTI. Among areas where Loa is potentially
endemic, the number of cases with O. volvulus declined from 19.5 million
people in 1995, to 14.2 million in 2015 and 3.3 million in 2025. Of those,
114,771 people were co-infected with Loa microfilaraemia >20,000/mL
in 1995; 44,370 predicted in 2015 and 20,477 in 2025. In 2025, 89%

of cases (N=18,320) will live in onchocerciasis hypoendemic areas which
would not benefit from control/elimination programmes. Democratic
Republic of Congo and Cameroon will contribute to 78% of all cases

in 2025. Mass distribution of ivermectin as part of the onchocerciasis
elimination efforts is problematic in many countries. We predict that in
2025 over 20,000 people will require treatment for onchocerciasis while
being at high risk of SAEs, justifying increased effort in research and
development for safer drugs and control strategies targeted especially
towards onchocerciasis hypoendemic areas which are co-endemic for
loiasis.

PREVALENCE OF EXPOSITION TO RIVER BLINDNESS IN
THE GAROUA-BOULAI HEALTH DISTRICT (EAST REGION,
CAMEROON): POTENTIAL CROSS-BORDER ISSUE IN THE
CONTEXT OF ELIMINATION

Cédric Gaél Lenou Nanga', Hugues Clotaire Nana Djeunga’,
Jules Brice Tchatchueng Mbougua?, Guy Roger Njitchouang',
André Domche’, Jean Bopda', Stéve Mbickmen Tchana', Kisito
Ogoussan?, Maria Rebollo?, Joseph Kamgno!

'Centre for Research on Filariasis and other Tropical Diseases (CRFilMT),
Yaoundé, Cameroon, ?Centre Pasteur du Cameroun, Yaoundé, Cameroon,
3Task Force for Global Health, Atlanta, GA, United States

The control of onchocerciasis has been a success in many foci where the
disease is endemic. However, large-scale preventive chemotherapy with
ivermectin in Loa endemic areas to target hypo-endemic onchocerciasis

is not recommended due to the risk of severe adverse events (SAE), thus
slowing the momentum towards elimination. Since a safe threshold

below which ivermectin can be administered through mass campaigns

in communities was identify, additional epidemiologic investigations
appeared essential to re-assess the distribution of infection in hypo-
endemic areas that were not included in the original mass treatments, and
particularly in the cross-border context. This study was carried out in the
Garoua Boulai health district, belonging to the group of ivermectin naive
areas, and bordered to the east by the Central African Republic (CAR)
where civil war led to an important refugee flow. A cross sectional survey
following a community-based random cluster design was carried out to
seek for exposure to O. volvulus using the newly developed SD Bioline
onchocerciasis IgG4 rapid diagnostic test. The prevalence of exposition

to river blindness ranged between 0.0% (95% CI: 0.0 - 8.0) and 20.0%
(95% Cl: 13.0 - 29.4), males being most exposed than females (p =
0.048). An important geographical heterogeneity in the distribution of
exposition to river blindness was observed among the clusters surveyed (p
< 0.0001). Amongst individuals with proven exposition to onchocerciasis,
30.2% were not native of the survey area, of whom 64.3% (95% Cl: 49.2
- 77.0) were from CAR. The complete elimination of onchocerciasis implies
the expansion of mass preventive chemotherapy in hypo-onchocerciasis
areas which are up to now not targeted by mass treatments. This study
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reveals a relatively high contribution of people from CAR, raising interest
on effective collaboration between Cameroon and the CAR while
envisioning the elimination of onchocerciasis in cross-border situations

EVALUATION OF MORPHOLOCI/AL CRITERIA DUE TO
HEPATIC ALVEOLAR ECHINOCOCCOSIS BASED ON THE
ECHINOCOCCUS MULTILOCULARIS ULM CLASSIFICATION

Tilmann Graeter, Wolfgang Kratzer, Aylin Senguel, Andreas
Hillenbrand, Beate Gruener, Julian Schmidberger

University Hospital Ulm, Ulm, Germany

Computed tomography, mostly combined with PET, provides one of the
most important diagnostic tools in suspected alveolar echinococcosis (AE).
The recently established “Echinococcus multilocularis Ulm classification
for computed tomography” (EMUC-CT) depicts the various morphologies
of liver lesions due to AE. The classification scheme assigns morphological
criteria of hepatic AE to five groups of primary morphologies (type I-V),
including subcriteria and to six calcification patterns. Aim of this pilot
study was to analyse several CT-morphological criteria of AE lesions in 72
patients based on the EMUC-CT classification and to make a comparison
of those criteria in the clinical course under antihelminthic medication. The
primary morphology showed to be very constant, whereas the subcriteria
exhibited varying behavior. Between the patterns of calcification only
slight changings could be registered. However the degree of calcification
increases considerably over time. A slight regression of size in lesions
under therapy could be noted. The extend and the count of lesions differ
significantly between the various types. Obvious differences among the
types were revealed regarding extrahepatic as well as biliar involvement.

In conclusion the study could illustrate clear connections between

the different morphological criteria within EMUC-CT and depicted
morphological changings of AE liver lesions in the clinical course. Especially
the observations concerning the extend and count of lesions in the
different types and their varying behavior regarding extrahepatic as well as
biliar involvement appears to be of clinical relevance. Larger studies should
be done to reveal whether in future conclusions could be drawn thereout
concerning prognosis of the disease and therapy planning.

LUNG AND LIVER CYSTIC ECHINOCOCCOSIS - CUMULATIVE
INCIDENCE OF NEW HYDATID CYSTIC LESION AFTER
SURGICAL TREATMENT

Saul J. Santivanez', George P. Perales’, Maria Valcarcel?, Maira
Arce', Luis Tello’, Diego Valencia', Lawrence H. Moulton?, Hector
H. Garcia*

'Instituto Peruano de Parasitologia Clinica y Experimental, Lima, Peru,
?Department of Surgery, Hospital Nacional Dos de Mayo, Lima, Peru,
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YFacultad de Ciencias y Filosofia, Universidad Peruana Cayetano Heredia,
Lima, Peru

Cystic echinococcosis (CE) is endemic in livestock-raising regions where
surgery has been the main treatment approach used. Clinical series
reported a prevalence of new cystic lesion after treatment between 5 and
15%; however they did not account those who developed a new lesion
and never return. A prospective evaluation of subjects was performed to
evaluate the cumulative incidence of new cystic lesion and the factors
associated. A survival analysis was performed using subjects from a
historical cohort of patients with CE between 01/2000 and12/2011 in
two referral hospitals. Subjects were evaluated by imaging methods. The
primary study endpoint was the imaging evidence of a new cystic lesion
in the same organ or cavity where the previous cyst was treated (index
surgery). The “time to event” was the period elapsed between the index
surgery and the time of diagnosis. Survival function was estimated using
the algorithm developed by Turnbull for interval censored data and Cox

proportional hazard models were performed. One hundred eighty five
subjects from the historical cohort were enrolled, 171 and 14 subjects
registered one and two index surgeries, respectively. Therefore, we had
199 surgeries. Seventeen (8.54%.) subjects developed a new cystic lesion
after between 3 to 15 years (median 9 years; IQR 7-11) of index surgery;
cumulative incidence was higher among liver involvement (14/115, 12.4%
vs 3/86, 3.5%, p=0.026) Cox analysis, showed that the risk to develop

a new cystic lesion was roughly 4 times higher among those who were
operated at a hospital located in endemic area than those operated at
ahospital located in a non-endemic area (HR: 3.45; 95% Cl: 1.25-9.5).
According to the results, there is a high proportion of subjects surgically
treated who develop a new cystic lesion and were not account in clinical
series

GENETIC VARIABILITY OF TAENIA SOLIUM CYSTICERCI
RECOVERED FROM EXPERIMENTALLY INFECTED PIGS
AND NATURALLY INFECTED PIGS USING MICROSATELLITE
MARKERS

Monica J. Pajuelo’, Maria Equiluz', Elisa Roncal', Stefany
Quinones-Garcia', Steven J. Clipman?, Juan Calcina®, Cesar
Gavidia?, Patricia Sheen’, Hector H. Garcia', Robert H. Gilman?,
Armando Gonzalez3, Mirko Zimic, for the Cysticercosis Working
Group!

"Universidad Peruana Cayetano Heredia, Lima, Peru, ?Johns Hopkins
University, Baltimore, MD, United States, *Universidad Nacional Mayor de
San Marcos, Lima, Peru

The adult Taenia solium, the pork tapeworm, usually lives as a single
individual in the small intestine of humans, its only known definitive host.
Mechanisms of genetic variation in T. solium are poorly understood, but
could be useful for tracing transmission. This study aimed to explore the
utility of three microsatellite markers as potential transmission tracking
tool. We first explored the genetic variability of T. solium from cysticerci
recovered from experimentally infected pigs. We then explored the
genetic epidemiology and transmission in naturally infected pigs and

adult tapeworms recovered from human carriers from an endemic rural
community in Peru. In the initial study on experimental infection, two
groups of three piglets were each infected with proglottids from one of
two genetically different tapeworms for each of the microsatellites. After
7 weeks, pigs were slaughtered, and necropsy was performed. Thirty-six
(92.3%) out of 39 cysts originated from one tapeworm, and 27 (100%)
out of 27 cysts from the other had exactly the same genotype as the
parental tapeworm. This suggests that the microsatellite markers may be a
useful tool for studying the transmission of T. solium. In the second study,
we analyzed the genetic variation of T. solium in cysts recovered from eight
naturally infected pigs, and from adult tapeworms recovered from four
human carriers in the community; they showed low genetic variability. Six
pigs harbored cysts with a genotype corresponding to one of the identified
tapeworms from the human carriers. In the dendrogram, cysticerci
appeared to cluster within the corresponding pigs as well as with the
geographical origin, but this association was not statistically significant.
Four pigs had cysts with only one genotype, and four pigs had cysts with
two different genotypes, suggesting that multiple infections of genetically
distinct parental tapeworms are possible. We conclude that genotyping of
microsatellite size polymorphisms is a potentially important tool to trace
the spread of infection and pinpoint sources of infection as pigs spread
cysts with a shared parental genotype.
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INFLAMMATION IS A KEY RISK FACTOR FOR REFRACTORY
SEIZURES IN PATIENTS WITH NEUROCYSTICERCOSIS

Jesica A. Herrick', Anjali Garg’, Jin Suh Kim', Biswaijit Maharathi’,
Gerardo Gomez Abundis’, Isidro Gonzales?, Herbert Saavedra?,
Javier Bustos?, Hector H. Garcia?, Jeffery A. Loeb’
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Unit, Department of Transmissible Diseases, Instituto Nacional de Ciencias
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Neurocysticercosis (NCC) is the number one cause of adult epilepsy
worldwide; 70-80% of people with NCC experience seizures that can
persist (SP) despite treatment. Early intervention before recurrent seizures
establish abnormal electrical circuits could impact disease progression, but
to do so predictors of SP in NCC patients need to be identified. To identify
such predictors, we conducted a retrospective review of 39 randomly
selected subjects from one arm of a large clinical trial of patients with
NCC and seizures. All patients in the study were treated with steroids,
anti-parasitic, and anticonvulsant medications. Eleven subjects went on
to develop SP (defined as seizures > 2 months after treatment for NCC
despite anticonvulsant therapy) and 28 did not (seizure negative, SN,
group). We examined a number of clinical factors in these patients in order
to identify variables associated with SP. The primary risk factor identified
was a strong and sustained inflammatory response to the parasite. This
was demonstrated by an increased volume of edema on follow-up MRI
scans (quantified by measuring pixels in Photoshop) in the SP group (8.2
c¢m3) compared to the SN group (0.6 cm3, p=0.02). Additionally, those

in the SP group had twice as many degenerating lesions at the time of
presentation compared to the SN group (median 2 in SP group, 1 in the
SN group, p=0.002). There was a significantly increased number of bands
seen on the initial NCC western blot in subjects who developed SP (GM
5.8 bands) compared to those who did not (GM 3.8 bands, p<0.05). As
has been seen in prior studies, calcified lesions were also a risk factor for
seizures; the SP group had a significantly increased number of calcified
lesions on baseline imaging (median 4.9) compared to the SN group
(median 0.9, p=0.005). Interestingly, edema around calcified lesions was
also more likely in the SP group (13/120 calcified lesions had perilesional
edema on baseline imaging, 10.8%) compared to the SN group (4/120,
3%, OR= 3.5, p=0.04). These findings provide a compelling rationale

for further exploring signs and symptoms of ongoing inflammation as
predictors of epilepsy development in NCC patients.

BANDING PATTERNS OF THE ENZYME-LINKED

IMMUNOELECTROTRANSFER BLOT (EITB) AND
BRAIN IMAGING FINDINGS IN PATIENTS WITH

NEUROCYSTICERCOSIS

Gianfranco Arroyo’, Silvia Rodriguez’, Andres G. Lescano', Karen
A. Alroy?, Javier A. Bustos', Saul Santivafiez?, Isidro Gonzales?,
Herbert Saavedra?, Javier Pretells, Armando E. Gonzalez¢, Robert
H. Gilman?, Victor C. Tsang?, Hector H. Garcia’
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Neurocysticercosis (NCC) is the infection of the central nervous system
(CNS) by the larval form of the pork tapeworm Taenia solium (cysticercus).
The enzyme-linked immunoelectrotransfer blot (EITB) is the reference
serological test for NCC, detecting antibody bands reacting to seven
defined parasite antigens belonging to three antigen families (GP50,
T24-42 and 8kDa). A positive EITB result does not always correlate with
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the presence of viable infections in the CNS, and individuals with a single
viable brain cyst may be EITB negative. However, EITB banding patterns
appear to be related with T. solium antigen families, and in turn with the
characteristics of NCC in the CNS. This study evaluated the relationship
between the EITB banding patterns and the characteristics of the infection
in the CNS (location, stage and number of viable cysticerci). EITB banding
patterns and brain images of 548 NCC cases were analyzed. Patients with
similar banding patterns were grouped into homogenous classes using
latent class analysis (LCA). The association between classes and brain
image findings was assessed. A four-class model was specified by LCA as
the best. Extra parenchymal NCC was strongly associated with banding
patterns of class 4 (strongly positive to the 8kDa antigen family). Intra
parenchymal infections with viable cysticerci was also strongly associated
with banding patterns of classes 4 and 3 (positive to the 8kDa antigen
family), and less with class 2 (positive to the T24-42 antigen family). Non-
viable infections and single cysticerci in the brain were associated with
banding patterns of class 1 (EITB negative or positive to the GP50 antigen
family only). EITB banding patterns correlate with brain imaging and
complement imaging information for the diagnosis of NCC and for staging
NCC patients.

STANDARDIZATION OF A DIRECT ELISA USING
MONOCLONAL ANTIBODIES FOR THE DETECTION OF
PARASITE ANTIGEN IN URINE SAMPLES OF PATIENTS WITH
NEUROCYSTICERCOSIS
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Cysticercosis Working Group in Peru’
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Neurocysticercosis (NCC), a parasitic disease caused by the larval stage of
Taenia solium, is the main cause of acquired epilepsy and thus a public
health problem in developing countries such as Peru. Immunodiagnosis
of NCC consists on the detection of either antibodies or antigens, usually
in serum samples. Serological tests based on the detection of antibodies
cannot differentiate between active and past infections and thus may

not be used for the follow-up of treated subjects. We standardized a
direct ELISA technique using monoclonal antibodies (mAbs) to detect
antigens in urine samples as an alternative method that utilizes a sample
which is easier to be obtained by noninvasive methods. Four mAbs: three
IgM Isotypes and one IgG isotype obtained against crude antigen of T.
solium were purified and biotinylated; then, all potential combinations
between these 4 mAbs were evaluated. Finally, using the best combination
(two IgM isotypes: TsW8 [4ug/ml] for capture and TsW5 [4ug/ml] for
detection), a preliminary exploratory evaluation was carried out with
urine samples from 20 healthy volunteers and 20 patients with NCC (six
with subarachnoid NCC and 14 with calcified NCC). All samples from
subjects with subarachnoideal cyst (6/6, 100%) tested positive for T.
solium antigen, compared with only one subject with calcified NCC (1/14,
7%) and none of the controls (specificity 20/20 100%). These promising
results suggest a good sensitivity and specificity of the ELISA test in the
detection of antigens in urine samples from subjects with subarachnoid
NCC. Further work will extend this evaluation to patients with other types
of cysticercosis.



RING STRATEGY AS AN EFFECTIVE ALTERNATIVE TO MASS
DRUG ADMINISTRATION FOR CONTROL OF TAENIA SOLIUM
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Despite recent calls by the World Health Organization for increased efforts
to control transmission of Taenia solium taeniasis/cysticercosis, optimal
strategies have not been determined. In a previous small non-randomized
study in Peru, we piloted a risk-based approach (Ring Strategy) in which
screening and treatment for taeniasis targeted to residents living within
100 meters of heavily infected pigs reduced parasite transmission. Here
we report on a larger cluster randomized trial that compared ring strategy
vs. mass drug administration (MDA) in 23 villages (pop 9,183) randomly
assigned to receive one of 3 interventions. In the Ring-Screening arm (n=8
villages), people living within 100-meters of a heavily-infected pig were
offered screening for taeniasis using stool coproantigen ELISA followed

by treatment of positives with niclosamide. In the Ring-Treatment arm
(n=8), residents living within 100 meters of a heavily infected pig were
offered presumptive treatment with niclosamide. Study teams examined
tongues of all pigs every 4 months to determine intervention areas. In

the MDA arm (n=7), all village residents were offered treatment with
niclosamide every 6 months. A subgroup of villages within each arm also
received oxfendazole for porcine cysticercosis, either within 100-meter
rings or as MDA. We followed a cohort of >6000 pigs born during the
study period to monitor parasite transmission using LLGP EITB. Preliminary
analysis shows seroincidence reduced in all groups from baseline after 2
Y5 years. The greatest and most rapid effect was seen in Ring-Screening,
with 87.8% reduction in seroincidence after 8 months, a level maintained
for the remainder of the study. This reduction was 1.4 times greater vs.
Ring-Treatment (IRR 1.4 95% C1 0.8 — 2.4) and 2.1 times greater vs. MDA
(IRR 2.1 95% CI 1.2 - 3.6). These results show that ring strategies are an
effective alternative to MDA. Ring strategies have potential to operate

as community-based programs given sufficient incentives for residents to
report heavily infected pigs. Final results including prevalence of taeniasis
and porcine cysticercosis determined by necropsy will be presented.

MODIFIED MDA DID NOT SIGNIFICANTLY IMPROVE
COVERAGE IN LGAS TREATING TWICE-PER-YEAR IN
SOUTHERN NIGERIA
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The area along the border between Edo and Ondo states in southern
Nigeria is highly endemic for onchocerciasis and parts are also co-endemic
for lymphatic filariasis. Despite years of relatively high reported MDA
coverage, anecdotal evidence and parasitological monitoring suggested
that coverage may be poor, with persistent transmission of onchocerciasis.
In 2016, twice-per-year treatment with ivermectin (with albendazole for

lymphatic filariasis added to the first round) began in five LGAs in Edo
state bordering Ondo. We undertook a multistage cluster survey within
three months after each round of MDA to assess coverage. In the first
round, we randomly selected 30 clusters per LGA, then 7 households per
cluster using systematic sampling at both stages; all household members
present were interviewed. We found first-round coverage was very poor;
among 4942 people interviewed from 145 clusters, coverage was 31.1%
(95% Cl 24.1% - 38.0%). To improve coverage in the second round,
three LGAs were randomized to receive MDA through a “modified
campaign” approach. This entailed doubling the travel reimbursement
for drug distributors (to 3000 Naira), using a rapid coverage assessment
tool to guide post MDA “mop up” activities, shortening the time for
MDA delivery, and increasing supervision. The other two LGAs continued
with the same MDA activities used in the first round. The coverage survey
methodology after the second round differed from the first in that we
randomly selected 48 clusters per group of LGAs and 9 households

per cluster using systematic sampling; again, all household members
present were interviewed (n = 3362 people in 87 clusters). Second-round
coverage improved, but was not statistically different than in the first
round [40.0% (95% Cl 31.0% - 49.0%)] and there was no significant
difference between the standard MDA and modified campaign groups
(p = 0.7). The additional cost per treatment in the campaign was 1.6
times that of standard MDA. Different strategies must be deployed to
improve treatment coverage in Edo state if transmission elimination is to
be achieved.

IMPLEMENTING THE SUPERVISOR’S COVERAGE TOOL IN THE
PHILIPPINES: PILOTING TWO NOVEL ADDITIONS

Leda Hernandez', Winston A. Palasi’, Camille Pauline Baladjay’,
Katherine Gass?

'Infectious Disease Office, Disease Prevention and Control Bureau,
Department of Health, Manila, Philippines, ?Task Force for Global Health,
Decatur, GA, United States

The Supervisor's Coverage Tool (SCT) is a rapid survey tool designed to
help neglected tropical disease programs monitor and supervise the

mass drug administration (MDA). In 2016, the Philippines conducted a
harmonized MDA between the Ministry of Education and Department

of Health for lymphatic filariasis (LF) and soil-transmitted helminthiasis
(STH). Six villages, representing six different municipalities in two LF-
STH-co-endemic provinces, were selected for the SCT. To supervise both
the school- and community-based MDAs, a novel integrated SCT was
conducted, whereby the survey teams randomly picked one school-aged
child (5-18 years old), and one community member per household. For
another innovation, the SCT was conducted during the current MDA (as
opposed to after). Of the 12 SCTs conducted - six among school-aged
children and six among community members - four of six among children
resulted in a “good” coverage classification, meaning that MDA coverage
was likely above the target threshold. One child and five community

SCTs classified the villages as having “indeterminate” coverage, meaning
that one cannot conclude if the coverage is above the target threshold;
and one child and one community SCT classified village coverage as
“inadequate”. The results of the SCT highlighted several important issues
with the MDA distributions including the need for stronger insistence on
directly observed treatment, teaching the contraindications of the drugs,
addressing fears of side effects, and improving coverage among private-
school children. These issues were discussed with the local health workers
during the SCT and action plans to address the issues was created for
each participating municipality. Overall, the results from the SCT in the
Philippines suggest that an integrated SCT is not only feasible but can save
the program time and resources. By conducting the SCT during the latter
half of the MDA, the program was able to identify coverage challenges
and assess whether the target threshold was met in real-time and to take
corrective actions to improve coverage during the remainder of the MDA
and avoid the need for separate mop-up campaigns.
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INTEGRATED PREVALENCE SURVEY OF SKIN NTDS AND
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Many neglected tropical diseases - including Buruli ulcer (BU), leprosy, and
yaws - present with skin symptom(s) (skin NTDs). They are co-endemic

in Cote d'lvoire which reports the highest number of BU cases globally.
Children are especially vulnerable to these, as well as to a large number
of common skin diseases (CSDs), but their epidemiology is incompletely
understood. In the Gagnoa district of Cote d'lvoire, we performed a
school-based skin survey for early detection and treatment of skin NTDs
and CSDs; and to describe the distribution and the risk factors of these
diseases. The program consisted of two phases: 1) screening by a team

of village nurses of all primary schoolchildren aged 5 to 15 in a total of
38 schools, and selection of those presenting with any skin lesion(s); 2)
sensitization campaign followed by in-school examination of screened
children by two medical teams including dermatologists, leprosy and

BU experts, and laboratory technicians. A total of 9,930 children (9.2%
of all schools in the district) were pre-screened by the village nurses,
yielding 1,781 children with skin conditions. These, and an additional

883 children who self-reported skin disease(s) following sensitization
campaign were consulted by the medical teams. Among these, we
identified 8 cases of skin NTDs: 3 BU and 1 post-BU with contracture; 1
confirmed and 1 suspected leprosy; and 2 suspected yaws were found.
For CSDs, the majority of diagnoses were fungal infections including
tinea capitis (n=1220, 46%) and pityriasis versicolor (n=1052, 39%), but
others included such diseases as scabies (n=68, 2.6%) and eczema (n=35,
1.3%). Survey on demographics and personal hygiene, e.g., washing
hands, use of soap, nail cutting, was conducted. Treatment for skin NTDs
and prescription for CSDs were provided. The program had a high rate of
community acceptability. This was the first attempt at an integrated, multi-
skin NTD and CSD screening and diagnosis in the country. This strategy has
the potential of improving early detection of NTDs, especially in areas of
co-endemicity. CSDs are highly prevalent and should be integrated in skin
NTD control measures.
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Ivermectin-based mass drug administration has revolutionized
onchocerciasis control over the last 30 years, and the target shifted from
control to elimination. Although transmission of infection has been
interrupted in some foci, the fear of serious adverse events (SAEs) in Loa
loa co-endemic areas in Central Africa has been an obstacle to elimination.
Millions of people were excluded from mass drug administration, because
the risk of SAE in people with high Loa loa mf counts (20000 mf/ml)
was considered too high. The Test and (not) Treat (TNT) strategy has

been developed as a way forward. TNT relies on the LoaScope to rapidly
identify Loa loa-infected people “at risk” for SAEs and exclude them
from ivermectin treatment. To provide proof of principle, TNT strategy
was implemented in Okola Health District, Cameroon in 2015, where
15469 people were treated with ivermectin without SAEs occurring. The
therapeutic coverage rate in Okola was 67.7%, a level felt to reflect a
reluctance of the population to participate due to the fact that 23 SAEs
occurred in this district during the first (and only) Community-Directed
Treatment with Ivermectin in 1999. As a prelude to the second TNT
campaign in March 2017, a press briefing was held by the Cameroonian
Minister of Public Health and Minister of Communication emphasizing
the success of the TNT strategy in 2015 and the absence of SAEs.
Traditional rulers of the villages with the best participation rates in 2015
were awarded during the launching of the 2017 campaign. With this
additional sensitization, between 13 March and 9 April, 11472 individuals
participated in the TNT screening. The mean number of patients treated
daily in 2017 was significantly higher than in 2015 (459 vs. 352, P=
0.002), and total population coverage in the district is expected to
exceed that seen in 2015. Our data suggest that both the absence of
SAEs in the 2015 TNT campaign and the communication efforts made
prior to the launching of the 2017 campaign were important factors in
increasing adherence to the TNT strategy. This is very encouraging for the
implementation of the TNT strategy across the Loa endemic regions in
Central Africa.

LYMPHATIC FILARIASIS TRANSMISSION ASSESSMENT
SURVEYS (TAS) AS AN OPPORTUNITY TO EVALUATE
THE IMPACT OF MASS DRUG ADMINISTRATION (MDA)
ON TRANSMISSION OF ONCHOCERCIASIS AND SOIL
TRANSMITTED HELMINTHIASIS

Hugues Nana Djeunga’, Rufine Touka-Nounkeu', Jules Brice
Tchatchueng Mbougua', Guy Roger Njitchouang', André
Domche?, Julie Akame?, Georges Nko'o-Ayissi®, Benjamin Didier
Biholong?, Yaobi Zhang*, Kizito T Ogoussan®, Maria P Rebollo®,
Joseph Kamgno’

"Centre for Research on Filariasis and Other Tropical Diseases, Yaoundé,
Cameroon, ?Helen Keller International, Yaoundé, Cameroon, *Ministry

of Public Health, Yaoundé, Cameroon, “Helen Keller International,
Regional Office, Dakar, Senegal, *NTDs Support Center, Task Force for
Global Health, Decatur, GA, United States, °Expanded Special Project

for Elimination of NTDs, World Health Organization-AFRO, Brazzaville,
Republic of the Congo, ’Centre for Research on Filariasis and other Tropical
Diseases, and Faculty of Medicine and Biomediical Sciences, Yaoundé,
Cameroon

The control of neglected tropical diseases (NTDs) reached new possibilities
when MDA became the platform to simultaneously target multiple

NTDs amenable to preventive chemotherapy (PC). The rationale for

this integrated approach is the geographic overlap of highly-prevalent
NTDs and the availability of donated PC drugs. It has been shown that
Albendazole, Mebendazole, Ivermectin or Diethylcarbamazine can be
safely co-administered in almost any combination, rendering feasible the
control of Soil Transmitted Helminthiasis (STH), onchocerciasis (Oncho) and
lymphatic filariasis (LF). A comprehensive algorithm was built by the GPELF



14

for coordinated implementation of PCs. Unlike STH and Oncho, six years
MDA is enough to halt LF transmission, and programmatic steps (with
regular assessments) are clearly defined to achieve LF elimination goals.
This study aimed to utilize the implementation of LF TAS as a framework
for integrating Oncho and STH evaluations. Eligible individuals were
children aged 6-7 years, anticipated to be free from Wuchereria bancrofti
circulating antigen if MDA had been successful. A community-based
cluster survey was used because of the low school enrolment rate (<75%).
Finger prick blood samples were collected for LF (filariasis test strip, FTS)
and Oncho/LF (Biplex IgG4 antibodies against O. volvulus Ov16 and W.
bancrofti Wb123 antigens). Stool samples were collected and examined
using the Kato-Katz technique. A total of 1,646 children originating from
eight health districts provided both blood and stool samples. None was
positive for FTS and Ov16 antigen, and only 1 (0.1%; 95% Cl: 0.0-0.3)
child harbored antibodies against Wb 123 antigen. Ascaris lumbricoides
was the only STH species found in stools, with a prevalence of 0.8% (95%
Cl: 0.5-1.3). These results indicate that it was very likely that the PC had
significantly lowered LF, Oncho and STH prevalence toward elimination
targets. They also show that LF TAS can provide a suitable and cost-
effective platform to assess the situation of other PC-NTDs.

LYMPHATIC FILARIASIS AND PODOCONIOSIS: INTEGRATED
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Lymphatic filariasis (LF) and podoconiosis are endemic in Ethiopia

and cause painful and disabling lymphoedema. A burden assessment
conducted in 2015 found 26,123 cases of lymphoedema and hydrocoele
across 20 districts of Ethiopia. To increase access to quality, integrated,
morbidity management and disability prevention (MMDP) services for
lymphoedema and hydrocoele cases, a pilot study was conducted in three
co-endemic districts of the Southern Nations, Nationalities, and Peoples’
Region (SNNPR) over a twelve-month period from September 2016. This
included: i) training health professionals at each health facility; i) cascade
training of health extension workers (HEWs) and health development
army (HDA); iii) patient mobilisation and recruitment; iv) provision of
supplies and training on lymphoedema care; v) referral of hydrocoele
patients to hospitals for surgery and; vi) patient prospective monitoring
with key progress indicators such as severity of condition, wounds present
and frequency of acute attacks. A mid-term review found a total of 483
health professionals (60.2% female), 163 HEWSs and 2,330 HDA from 22
health facilities had been trained on MMDP and patient referrals; with
2,033 lymphoedema cases (68% female), and 82 men with hydrocoeles
having accessed the MMDP service. Conditions ranged from mild (n=655,
32.2%), moderate (n=1,062, 52.2%), to severe (n=317, 15.6%). Two
thirds of lymphoedema patients (n=1,344, 66.1%) had experienced an
acute attack in the month prior to their enrolment, and 333 (16.4%)

had visible wounds on the affected limb. The main challenge reported
was a weakness in the referral of hydrocoele patients for surgery from
health facilities to hospitals, however, this is being addressed through
consultations with the hospitals. Overall, the mid-term results show
promise for an MMDP service integrated into the existing health structure,
which may be scaled-up across Ethiopia. This will be a significant
contribution to patient care and will help to ensure all lymphoedema

and hydrocoele patients have access to quality care. Full results will be
presented at the meeting.

ADDING ONCHOCERCIASIS MONITORING TO LYMPHATIC
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The Tanzania NTD Control Program (TZNTDCP) has a goal of lymphatic
filariasis (LF) elimination by 2020 and onchocerciasis (OV) by 2025. For

LF, WHO recommends at least five rounds of MDA to reduce infections

to levels below a threshold at which mosquitoes are unable to continue
spreading the parasites from person-to-person. For OV elimination, annual
treatment with ivermectin with coverage rates of at least 80% for a period
of 12-15 years is recommended. In January 2017, the TZNTDCP added the
OV16 rapid diagnostic test (RDT) to planned LF transmission assessment
surveys (TAS) in Bumbuli and Lushoto districts where 15 treatment rounds
were completed with sufficient coverage. The main objective of the
surveys was to assess transmission of lymphatic filariasis and monitor
onchocerca volvulus among school children in the two evaluation units
(EUs). Using the TAS platform, thirty primary schools were selected in each
EU. Filariasis test strips (FTS) and OV 16 RDTs were tested on site, while
dried blood spots (DBS) for OV16 ELISA were collected for laboratory
testing. Children in grades 1 and 2 (6 and 7 year olds) were tested for
circulating filarial antigens and the presence of IgG4 antibodies to the
OV16 antigen, and DBS was collected. To increase the sample size for OV
monitoring, grades 3 and 4 (8 and 9 year olds) were tested by OV16 RDT
and DBS only. Out of 3,537 children tested for CFA, only 2 (0.11%) were
found positive for LF in Lushoto EU. For onchocerciasis, 2,123 children
were tested for OV16 RDT and prevalence was found to be 0% and
0.06% by OV16 Bumbuli (n=1343) and Lushoto (n=780) EUs respectively.
The fact that the positive cases for both LF and OV were found in children
from one district may suggest ongoing transmission of the two infections.
OV16 ELISA testing will provide more insight. Adding OV monitoring in
TAS was not difficult, but did need careful planning and carried an extra
cost (expanded sampling, extra field days, more diagnostics and larger
team size). However, the added cost was less than a standalone OV survey,
while yielding valuable information. Given the dearth of current OV data,
this approach could be used in other LF surveys.

REALIZING THE POTENTIAL OF COMMUNITY HEALTH
WORKERS TO PROVIDE MALARIA CASE MANAGEMENT:
SENEGAL'S SCALE UP OF PROACTIVE COMMUNITY CASE
MANAGEMENT
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In 2008, the Senegal National Malaria Control Program (NMCP) introduced
home-based malaria management, with diagnosis by rapid diagnostic

test (RDT) and treatment with artemisinin-based combination therapy
(ACT), known as prise en charge a domicile (PECADOM), and expanded

to over 2000 villages by 2015. Together with district health officials and
the American Peace Corps, the NMCP piloted an active model (called
PECADOM Plus in Senegal) in one village in 2012 and 15 villages in 2013,
in a rural area of seasonal, moderately high transmission, during the
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approximately 20 weeks of high transmission season. Every week, CHWs
visited every household in their village to identify fever cases, and offered
case management based on RDTs and ACTs. In comparison villages, CHWs
did their regular work, but households received visits at the beginning

and end of the season. The proportion of cases treated by CHWs
increased over 300% in intervention villages, but during the last week

of household visits, there were far fewer cases of malaria in intervention
than in comparison villages. Based on this evidence, the NMCP scaled

the PECADOM Plus program to three districts in 2014 (132 villages), six
districts in 2015 (246 villages), and 16 districts in 2016 (708 villages). In
PECADOM Plus villages during active sweeps, DSDOMs tested 10,141
patients in 2014, 22,838 patients in 2015, and 63,603 patients in 2016,
and diagnosed 8,071, 15,068, and 30,554 patients with malaria in 2014,
2015, and 2016, respectively. Over 96% of those with a positive RDT were
treated with ACT, 1.5% referred for severe disease, with most of the rest
referred for stock out of ACT. Patients who sought care between sweeps
increased, with a 104% increase in the number of RDTs performed during
regular CHW work and a 77% increase in the number of positive RDTs
and patients treated with ACT. Overall the number of patients receiving
an RDT increased by 307% and the number cases of malaria detected and
treated by DSDOMs increased 274%, from the year prior to PECADOM
Plus introduction to its first year of implementation. Based on these results,
approximately 700 additional DSDOM s (in 24 districts) will be added in
2017.
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SENEGAL
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Since 2008, the Senegal National Malaria Control Program (NMCP) has
implemented malaria community case management to ensure rapid
access to diagnosis and treatment. An analysis of reported malaria cases
in Diourbel health district identified high morbidity and mortality within
informal residential Koranic schools (daaras) where students often receive
inadequate nutrition and health care, and poor living conditions are often
favorable to malaria transmission. A new community case management
initiative called PECA Daara was piloted to target the high malaria burden
in daaras. School-based care providers (DSDaaras) are volunteers selected
within the daaras and provided with theoretical and practical training.

An installation ceremony with involvement of religious, administrative
and community authorities was organized and DSDaaras received a kit
containing malaria rapid diagnostic tests (RDTs) and first line medication.
DSDaaras recorded all consultations in a registry. Monitoring included
supervisory visits, coordination meetings and reviews with all partners and
the NMCP. To date, 17 DSDaaras in eight health post catchment zones
were trained and provide care to ~ 4,500 residential students (4% of the
catchment population). In the first year, 1,586 patients sought care, of
which 1,237 (78%) had a fever and were tested by RDT; all had sought
care within 24 hours of symptom onset. There were 684 confirmed
malaria cases (8% of catchment malaria cases for the year) and all were
appropriately treated and recovered. Test positivity rate was > 50% in
eight daaras and four daaras accounted for 72% of cases. After PECA
Daara implementation, reported severe malaria cases within health
facilities serving the daaras decreased by 35% within a year. On average,
18% of sick patients consulted by the DSDaara were referred to a health
center for a negative RDT. The promising 1-year results of PECA Daara
highlight the value of scaling-up this program to guarantee rapid access
to quality malaria diagnosis and treatment to the vulnerable population of
daara students and ensure equitable access to care throughout Senegal.
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Kenya adopted the use of intermittent preventive treatment with
sulfadoxine pyrimethamine in 1998 but the proportion of pregnant
women receiving at least two doses (22% (2010) and 56% (2015) has
remained below the national target of 80%. In 2015, the country adopted
an IPTp3 indicator for monitoring IPTp uptake; that year, the proportion
of women taking at least 3 doses was 38% (2015).. Some of the factors
leading to low IPTp coverage include poor knowledge on the need for
early antenatal care (ANC), distances to health facilities, sociocultural
practices and a lack of financial resources. In 2012, community health
volunteers (CHVs) were enlisted through a pilot program in one county to
deliver messages aimed at increasing the proportion of women starting
ANC < 20 weeks of gestation and thus expand the proportion of women
receiving IPTp early in the second trimester. A community survey in 2013
showed an increase in IPTp2 from 22% in 2010 to 63%. The practice was
considered a success story, and was subsequently replicated in 30 sub-
counties, in 4 out of 14 malaria endemic counties. The rollout involved
training of 9,042 CHVs, in 761 community units. Between 2015 and
2016, the CHVs reached 86,433 women with MiP messages. During this
time, there was an average increase in IPTp1 from 51% to 68%, and IPTp2
increased from 42% to 55% (p< 0.001). This could be attributed to early
ANC attendance, which increased from 32% to 48% in the same period.
The use of CHVs to sensitize pregnant women to start IPTp early in the
second trimester and continue with scheduled ANC visits increases the
probability that women will receive the recommended IPTp-SP doses. The
rollout of the practice to other malaria endemic counties is likely to have
contributed to increase in IPTp uptake in the four target counties.

INCREASE IN DELIVERY OF INTERVENTIONS TO DECREASE
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Pregnant women are known to be at high risk for malaria, and intermittent
preventive treatment during pregnancy and long-lasting insecticidal nets
(LLINs) are key interventions to reduce that risk. Intermittent preventive
treatment during pregnancy (IPTp) consists of a treatment course of
sulfadoxine/pyrimethamine (SP) given at intervals of at least 30 days
during the second and third trimesters. In 2013, the Senegal National
Malaria Control Program (NMCP) adopted the revised WHO guidelines

for IPTp to increase number of doses of SP provided to pregnant women,
introduced treatment of pregnant women with uncomplicated malaria
with artemisinin-based combination therapy, and put increased emphasis
on provision of LLINs during antenatal care. We analyzed routine malaria
information system data reported to the NMCP from all publicly supported
health facilities to evaluate the change in interventions delivered,
calculated using to the estimated number of expected pregnancies as
denominator, and the impact on incidence of uncomplicated malaria,
severe malaria, and deaths among pregnant women. The number of
pregnant women that received an LLIN during an antenatal visit increased
from 105,686 in 2014 t0 219,212 in 2016, 19% and 38% of expected
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pregnancies, respectively. The proportion of expected pregnancies who
received at least two doses of SP increased from 54% in 2014 to 58% in
2016, and those that received at least three doses of SP increased from
20% in 2014 to 40% in 2016. While the number of pregnant women
diagnosed with malaria increased 9%, from 6,465 to 7,044, the test
positivity rate fell from 28% to 20%. Hospitalizations of pregnant women
for malaria fell 36%, from 1,414 to 900, and deaths of pregnant women
due to confirmed malaria fell from 17 in 2014 to one in 2016. There is
need for improvement in provision of LLINs and IPTp to pregnant women.
More pregnant women were diagnosed with uncomplicated malaria,
however, test positivity rate, hospitalizations, and deaths of pregnant
women with confirmed malaria decreased from 2014 to 2016.

ASSESSMENT OF FACILITATORS AND BARRIERS TO
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Use of intermittent preventive treatment (IPTp) is an evidence-based
intervention for preventing malaria during pregnancy. Zimbabwe began
implementing IPTp in 2004; however it has not achieved its target of 85%
of eligible women receiving 2 or more doses. In 2016, the Ministry of
Health and Child Care, with support from the President’s Malaria Initiative,
explored barriers and drivers of IPTp program uptake in Mutasa District,
Zimbabwe. This preliminary assessment aimed to inform the questions and
methods of a larger research study; methods included document review,
secondary data review, facility visits and key informant interviews. The
assessment identified factors within the health system requiring further
study, for example: 1) limited physical availability of updated national IPTp
guideline documents, 2) barriers to access such as antenatal care (ANC)
services only offered on selected days and long wait times, and 3) non-
provision of IPTp at private facilities. There were missed opportunities for
IPTp (about 5% of 3,904 ANC visits reviewed), most due to facility stock-
outs of sulfadoxine-pyrimethamine (SP). Data reporting was inaccurate,
with facilities both under-reporting and over-reporting IPTp 1, 2 and 3

as compared to ANC registers. Additionally, IPTp coverage calculations
need to factor in women ineligible to receive SP due to cotrimoxazole
prophylaxis, which was 5% overall, but varied greatly by facility.
Community health workers, community leaders and men were identified
as influencing IPTp uptake, although how they drive or impede IPTp and
ANC uptake and the best approaches to engage these groups require
further study. Early ANC attendance was significantly associated with
receiving more IPTp doses (p<0.01), thus examining factors influencing
timing of ANC initiation is critical. Preliminary findings on supply and
demand side factors influencing IPTp uptake were used to develop a
conceptual framework for a research study to explore these and other
factors influencing IPTp coverage in greater depth, using mixed research
methods.

TREATMENT OF YOUNG INFANT INFECTION IN NTCHEU
DISTRICT (TYIIN): IMPLEMENTATION RESEARCH ON
SIMPLIFIED TREATMENT OF POSSIBLE SERIOUS BACTERIAL
INFECTIONS AND FAST BREATHING AMONG YOUNG
INFANTS IN NTCHEU DISTRICT, MALAWI
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Serious bacterial infection is a leading cause of newborn mortality

and recommended inpatient treatment options are inaccessible to

most families in low-income settings. In July 2015, the World Health
Organization released guidelines for outpatient treatment of young infants
with possible serious bacterial infection (PSBI) with simplified antibiotic
regimens in cases where the caregiver refuses or is unable to complete
referral to hospital. If implemented at scale, the outpatient regimen has
the potential to prevent many young infant deaths in Malawi. We present
results of implementation research to demonstrate the feasibility and
acceptability of delivering simplified treatment for young infants in Malawi.
The prospective cohort study is being conducted from December 2016 to
September 2017 in 12 first level health facilities in Ntcheu district and will
enroll ~368 sick young infants 0-59 days for whom referral is not possible.
Health workers at study facilities are trained to treat eligible PSBI cases
with injection gentamicin for 2 days and oral amoxicillin for 7 days and
eligible fast breathing only cases with oral amoxicillin for 7 days. Health
Surveillance Assistants (HSAs), trained in community-based maternal

and newborn care, conduct home visits on days 3 and 6 to assess the
child, encourage treatment adherence and remind the caregiver to take
the child for facility follow up. Enrolled infants are followed up at health
facility on day 4 and 8. The primary outcome is proportion of enrolled
cases completing treatment per protocol. Secondary outcomes include
proportion of eligible cases accepting outpatient treatment, completion

of day 4 follow up, and completion of HSA follow up visits. Pilot phase
results show that of 53 eligible cases, caregivers of 45 cases (85%) refused
referral to district hospital and accepted outpatient treatment. Among
enrolled cases (30 PSBI and 15 fast breathing only), 90% PSBI cases
(27/30) completed day one and two gentamicin injections, 78% (35/45)
completed day 4 follow up, and 53% (24/45) received at least one HSA
home visit. Study results will inform replication and scale-up in Malawi and
other countries.

THE RESILIENCE OF INTEGRATED COMMUNITY CASE
MANAGEMENT IN ACUTE EMERGENCY: A CASE STUDY
FROM SOUTH SUDAN

Naoko Kozuki', Katja Ericson?, Bethany Marron?, Yolanda
Barbera Lainez4, Nathan P. Millers

'International Rescue Committee, Washington, DC, United States,
2International Rescue Committee, Hatay, Turkey, International Rescue
Committee, Nairobi, Kenya, “International Rescue Committee, New York,
NY, United States, *UNICEF, New York, NY, United States

The International Rescue Committee (IRC) was the first NGO to introduce
integrated Community Case Management (iCCM) of childhood illness

to South Sudan, then Southern Sudan, in 2005. An active conflict that
began in December 2013 displaced approximately 2 million people over
the course of few months. The IRC conducted in May 2015 a mixed-
methods case study of the impact of the acute emergency in early 2014
on iCCM programming in Payinjiar County, Unity State. The objective was
to document the experience of operating an iCCM program during acute
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crisis and to assess the ability of the program to continue operations.
Semi-structured interviews and focus group discussions were conducted
with key stakeholders such as policymakers, community health workers
(CHW), and caregivers. Routine program data were examined to assess
the effect of the crisis on key indicators. Internally displaced persons nearly
doubled the population in Payinjiar from 44,224 to 83,433. Some CHWs
continued working despite displacement if they were able to take supplies
with them. Despite no formal community mobilization effort by the

iCCM program, the information that CHWs had drugs spread throughout
displaced communities, with caregivers subsequently seeking care. The
total number of treatments provided per month dropped from the July-
December 2013 average of 3226 to the lowest level of 1420 in February
2014, but recovered to 3270 by August 2014. CHW supervisors attempted
to continue supervision by utilizing their networks to track down displaced
CHWs and by assessing the security situation prior to visits. The monthly
supervision rate dropped from the July-December 2013 average of 93%
to the lowest level of 77% in February 2014, but recovered to 91% by
August 2014. Several CHWs and community leaders qualitatively validated
this claim of sustained supervision. International donors and humanitarian
actors should recognize iCCM as a potentially high-impact humanitarian
response. Flexible funding from donors would allow for development of
more evidence on iCCM approaches and improvements that can both
sustain and enhance programming in acute crisis.

PRIMED INNATE IMMUNE RESPONSES IN MONOCYTES
FROM KENYAN CHILDREN WITH UNCOMPLICATED
FALCIPARUM MALARIA

Katherine R. Dobbs’, Paula Embury?, John Vulule?, Peter Sumba
Odada?, Bruce A. Rosa3, Makedonka Mitreva3, James W. Kazura',
Arlene E. Dent’

'Case Western Reserve University, Cleveland, OH, United States, °Kenya
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Monocytes are innate immune cells that play a key role in host protection
and pathogenesis during malaria. We sought to determine whether
uncomplicated falciparum malaria in children modulates Toll-like receptor
(TLR) responsiveness in monocytes. Freshly isolated monocytes were
obtained from 8 children in western Kenya at presentation with acute
uncomplicated malaria and 6 weeks following treatment and from 4
malaria-naive North Americans (NAM). Monocytes were cultured for 18
hours with media alone, a TLR4 agonist (LPS), or a TLR2/TLR1 agonist
(Pam3CSK4). Supernatant cytokine concentrations were measured

using a magnetic bead-based immunoassay. Genomic DNA was

isolated from monocytes from the same 8 acute-recovery pairs for DNA
methylation analysis using the MethylationEPIC array. Monocyte gene
expression profiles were analyzed in another 6 acute-recovery pairs and

5 NAM using a targeted digital RNA sequencing panel. Both acute and
recovery monocytes showed robust and equivalent responses to LPS

and Pam3CSK4, with markedly increased production over media alone

of IL-1B, IL-6, IL-8, IL-10, IL-12p40, and TNF (Friedman test P values

< 0.05). Compared to NAM, acute and recovery monocytes showed
greater magnitude of responses to LPS and Pam3CSK4, especially for
IL-6, IL-12p40, and TNF (Kruskal-Wallis test P values < 0.05). Monocyte
gene expression for the cytokines IL-1¢;, IL-18, IL-6, IL-8, and TNF was
not different between acute and recovery, though these genes were
significantly overexpressed in acute and recovery monocytes compared

to NAM (adjusted P values < 0.0001). Preliminary analysis of DNA
methylation showed significant differential methylation in acute vs.
recovery monocytes in the promoter regions for ILTA, ILTR1, IL18R1, IL10,
TNF TLR1, and TLR6. Complete methylation analysis is ongoing and will
be correlated with functional and transcriptional data. These data suggest
that uncomplicated malaria in children has a priming effect on innate
immune responses that is maintained several weeks after clinical recovery,
which may be mediated in part by epigenetic changes such as altered DNA
methylation patterns.
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INDIVIDUAL AND COMPOSITE AMA-1 CELLULAR RESPONSES
AND THEIR ASSOCIATION WITH CLINICAL MALARIAIN A
PEDIATRIC COHORT IN MOZAMBIQUE AND TANZANIA

Gemma Moncunill', Maxmillian Mpina?, Augusto J. Nhabomba?,
Aintzane Ayesteran', Ruth Aguilar', Héctor Sanz', Joseph J.
Campo!, Chenjerai Jairoce?, Diana Barrios', Nuria Diez-Padrisa’,
Nana A. Williams', John J. Aponte’, Jaroslaw Harezlak?, Sheetij
Dutta®, Claudia Daubenberger?, Carlota Dobafio!, Clarissa Valim’
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“University of Indiana, Indianapolis, IN, United States, *Walter Reed Army
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Naturally acquired cellular immunity (NAI) in malaria is based on the
interplay of pro- and anti-inflammatory responses that control parasite
load while moderating deleterious responses. Although responses involve
many cellular mediators, studies of NAI have focused on a limited panel
of markers. We aimed to identify individual and combination of responses
elicited by exposure to Rfalciparum and those protective from clinical
malaria based on several markers. Peripheral blood mononuclear cells
(PBMC) were isolated 3 months before and at start of follow-up in a
cohort of 459 children aged 6 weeks to 17 months nested within the
RTS,S/ASO1 Phase Il trial conducted in Mozambique and Tanzania. PBMC
were stimulated with AMA-1 and DMSO (mock stimulation) and 28
cytokines, chemokines, and growth factors were measured. Children were
prospectively followed and the association of individual and combinations
of AMA-1 specific responses with 12-month risk of malaria was estimated
using logistic regression fitted with elastic net and group lasso. Baseline
AMA-1 specific responses were elicited and many were correlated with
age including pro-inflammatory TNF and regulatory IL-10; chemokines
(e.g., CXCL9); growth factors (e.g., G-CSF); and IFN-a. Of these, levels of
markers did not change significantly over time, except TNF (P = 0.006).

At the start of follow-up, TNF and a cluster composed of IL-7, IL-17, MIG,
IL-2, and HGF were consistently detected by principal component analysis
and K-means clustering. However, these clusters were not correlated

with risk of malaria. In single and multi-marker analyses adjusting by
vaccination status, IFN-a (Odds ratio [OR]=0.1), G-CSF (OR=0.8), and the
TH1-related cytokines IL-12 (OR=0.7), and IL-15 (OR=0.8) decreased the
risk of malaria. Conversely, the chemokine eotaxin (OR=3.4) increased the
risk of malaria, perhaps due to its association with apoptosis of B cells and/
or its negative impact on production of anti-Plasmodium 1gG. These results
provide novel information about cellular responses, such as the importance
of IFN-a and G-CSF, highlighting the role of innate responses in protection
from malaria.

ATYPICAL ACTIVATION OF DENDRITIC CELLS BY
PLASMODIUM FALCIPARUM

Anton Goetz', Mei San Tang?, Maureen Ty?, Charles Arama?,
Aissata Ongoiba?, Didier Doumtabé?, Boubacar Traore?, P'ng
Loke?, Ana Rodriguez*, Peter Crompton'

"National Institutes of Health, Rockville, MID, United States, ?New York
University School of Medicine, New York, NY, United States, *Mali
International Centers for Excellence in Research, Bamako, Mali, “New York
University School of Medicine, New York, NY, United States

Malaria is characterized by high levels of inflammation and while an early
inflammatory response is important for parasite clearance, excessive and
persistent inflammation can contribute to severe forms of the disease.

At the same time, Plasmodium falciparum infections fail to induce sterile
immunity and clinical immunity is only acquired after years of exposure.
Reports about the role of dendritic cells (DCs) in the immune response to
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P falciparum and how they contribute to the activation of CD4+ T cells
during blood stage have been contradictory. We found that the activation
of DCs by P falciparum induces a highly unusual phenotype by which DCs
up-regulate co-stimulatory molecules and secretion of chemokines, but
not of cytokines typical of inflammatory responses (IL-1B, IL-6, IL-10, TNF).
Contact-dependent cross-talk between the main DC subsets, plasmacytoid
DCs and myeloid DCs, was necessary for increased chemokine and IFNa
secretion in response to the parasite. Despite their atypical activation
phenotype, myeloid DCs incubated with P falciparum-infected erythrocytes
activated autologous antigen-specific naive CD4+ T cells to proliferate and
secrete high levels of the Th1 cytokines IFNy and TNF, but also IL-10 and IL-
5, characteristic for a T regulatory type 1 (Tr1) response. Initial experiments
with DCs obtained from uninfected malaria-experienced donors from Mali
suggest a comparable activation phenotype in malaria-naive and malaria-
experienced individuals. We will further analyze the DC response to the
parasite in Malian individuals in a longitudinal study comparing responses
during the dry season to malaria season. Our findings might contribute to
a better understanding of the mechanisms involved in the initiation of the
adaptive immune response against P falciparum.

TO KILL PARASITE THE NATURAL KILLER WAY: ANTIBODY
MEDIATED CELLULAR IMMUNE RESPONSE AGAINST BLOOD
STAGE MALARIA

Gunjan Arora’, Javier Manzella-Lapeira', David L. Narum?, Patrick
E. Duffy’, Louis H. Miller", Susan K. Pierce', Sanjay A. Desai',
Geoffrey T. Hart?, Eric O. Long’

"National Institute of Allergy and Infectious Diseases, National Institutes of
Health, Rockville, MD, United States, Division of Infectious Disease and
International Medicine, Department of Medicine, University of Minnesota,
Minneapolis, MIN, United States

Antibodies effectuate immunity to malaria, however, there is incomplete
understanding of protective mechanisms. Susceptibility of Plasmodium
falciparum living inside infected red blood cells (RBC) to antibody-
dependent cellular cytotoxicity (ADCC) remains unexplored. ADCC can

be triggered by interaction of antibody Fc region to activating receptor
FcyRIIl (CD16) present on natural killer (NK) cells. During ADCC, NK cells
degranulate and deliver serine proteases, such as granzyme, into target
cells where they activate apoptotic pathways. Here, we have evaluated
the response of primary human NK cells towards parasitized RBC, its
effect on RBC integrity and parasite viability. In the presence of serum
from individuals clinically immune to malaria, NK cells degranulated and
produced pro-inflammatory cytokines in response to parasitized RBC.
Addition of immune plasma led to NK cell-mediated selective lysis of
infected RBC as confirmed by live cell imaging and several lysis assays.
Importantly, NK cell-mediated ADCC also inhibited the growth of P
falciparum in RBC. Intracellular parasite susceptibility to NK-mediated
ADCC prompted us to further explore the cellular and molecular

basis of parasite death. The variant surface protein PfEMP1 is the
immunodominant antigen expressed at the surface of infected RBC, and
parasites switch PFEMP1 expression to evade variant-specific antibody
responses. RBC infected with a transgenic P falciparum lacking PFEMP1
were not sensitive to NK cells in presence of immune plasma. In addition,
ADCC was effective when PfEMP1-specific antibodies were bound to wild-
type parasitized RBC, reaffirming the role of PfEMP1 as antigen during
NK-mediated ADCC. ADCC affected the integrity of parasitized RBC,

as shown by hemoglobin release, RBC membrane damage, granzyme-B
delivery and caspase-3 activation. NK cells treated with granzyme inhibitor
lose their cytotoxic potential towards infected RBC and the parasite
survives. These findings suggest additional immune mechanisms that could
contribute to natural protection to malaria.

IMPACT OF PLACENTAL MALARIA ON CORD BLOOD VA2 T
LYMPHOCYTES IN MALAWI

Haoting Hsu', Sarah E. Boudova?, Godfrey Mvula?, Titus Divala?,
Randy Mungwira?, David Pauza', Christopher Harman?4, Karl
Seydel®, Miriam K. Laufer?, Cristiana Cairo'

'Institute of Human Virology, University of Maryland School of Medicine,
Baltimore, MD, United States, ?Division of Malaria Research, Institute for
Global Health, University of Maryland School of Medicine, Baltimore, MD,
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P falciparum (Pf) placental infection primes the fetal immune system and
in some instances reduces infant immunity against malaria and other
pathogens. The mechanisms leading to these outcomes are not completely
understood. We focused on V&2 cells, which respond to a broad range

of pathogens including mycobacteria and Pf. These unconventional
lymphocytes are triggered by small, non-peptidic antigens (including
metabolites of Pf) independently of MHC presentation. We hypothesized
that placental malaria (PM), which may cause fetal exposure to high

levels of Pf metabolites, induces measurable changes in neonatal V62
lymphocytes. We analyzed cord blood mononuclear cells from Malawian
neonates born to women with PM, peripheral malaria or no malaria
during pregnancy, using North American specimens as an external
reference group. The PM group was stratified into past, chronic and acute
infections. V82 cell phenotype, repertoire and function were compared
for Pf-exposed and unexposed newborns. A preliminary analysis showed
that neonates exposed to chronic PM had increased frequencies of V62
cells in cord blood compared to the acute PM group. Neonates exposed
to active PM (including both chronic and acute infections) had higher
proportions of CD16+ V82 T cells than the past PM group; moreover, they
displayed higher proportions of CD25+ V&2 cells and lower proportions
of PD1+ V&2 cells than unexposed controls, overall indicating altered
activation/differentiation state. We hypothesize that in utero exposure to
Pf, at least in some cases, attenuates V82 cell function in early life, thus
impairing responses to BCG vaccination and innate protection against
some infectious agents; we are currently testing whether the observed
phenotypic differences for PM-exposed neonates are associated with
altered function and/or perturbed T cell receptor gamma repertoire at
birth. By determining whether V82 cells represent a useful biomarker or
possibly a key mediator of the impact of PM on neonatal immune system,
we can contribute to public health interventions directed at mitigating the
negative effects of PM on infant immunity.

ANTIBODIES TO PLASMODIUM VIVAX PVDBP REVEAL
A MECHANISM FOR CROSS-SPECIES IMMUNITY TO P.
FALCIPARUM PLACENTAL MALARIA

Sedami Gnidehou', Catherine Mitran', Eliana Arango?, Shanna
Banman', Angie Mena', Evelyn Medawar’, Barbara A. Lima3,
Jahanara Rajwani', Albert Jin', Kenneth Gavina', Francis
Ntumngia“, Nicaise Ndams, Ali Salantié, Flora S. Kano?, Luzia H.
Carvahlo3, John H. Adams*, Amanda Maestre?, Michael F. Good’,
Stephanie K. Yanow'

"University of Alberta, Edmonton, AB, Canada, *Universidad de Antioquia,
Medellin, Colombia, *FIOCRUZ, Belo Horizonte, Brazil, “University of South
Florida, Tampa, FL, United States, *University of Ghana, Accra, Ghana,
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During infection with Plasmodium falciparum in pregnancy, parasites
express the surface antigen VAR2CSA that mediates adherence of
infected erythrocytes to chondroitin sulphate A (CSA) in the placenta.
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Antibodies to VAR2CSA are acquired with successive exposures to P
falciparum in pregnancy and the presence of VAR2CSA antibodies has
been associated with protection from placental malaria. In Colombia,

we previously observed a high frequency of antibodies to VAR2CSA in
non-pregnant populations. However, the origin of these VAR2CSA cross-
reactive antibodies and their role in protecting against placental malaria

is unknown. Here, we tested the hypothesis that acquisition of VAR2CSA
antibodies outside of pregnancy can arise due to exposure to P vivax. We
tested over 200 sera from men and children living in malaria-endemic
regions of Colombia and Brazil and over 50% of individuals exposed only
to P vivax had antibodies that recognized VAR2CSA. We further showed
that antibodies against the PvDBP protein from P vivax can mediate this
cross-reactivity. PvDBP affinity-purified antibodies from human sera and a
monoclonal antibody raised against PvDBP recognized VAR2CSA through
shared epitopes in DBL domains, showing that protective antigenic
determinants can be evolutionarily conserved between these proteins. The
monoclonal antibody also recognized the native protein on the surface of
infected erythrocytes by IFA and flow cytometry, and significantly inhibited
the binding of infected erythrocytes to CSA. Inhibition was similar to the
level observed with sera from multigravid African women, which is the
primary in vitro correlate of protection from placental malaria. These data
show that exposure to PvDBP can induce antibodies that functionally
recognize VAR2CSA. We thus identify a novel mechanism for cross-species
immunity to falciparum malaria that can be exploited as a new approach
to develop a vaccine against malaria in pregnancy.

DECLINING MALARIA TRANSMISSION DIFFERENTIALLY
IMPACTS ON THE MAINTENANCE OF HUMORAL IMMUNITY
TO PLASMODIUM FALCIPARUM IN CHILDREN

Cleopatra K. Mugyenyi', Salenna R. Elliott’, Xi Zen Yap', Gaogian
Feng', Gregory Fegan?, Philippe Boeuf', Faith F. Osier?, Freya J.
Fowkes', Marion Avril}, Thomas N. Williams?, Kevin Marsh?, James
G. Beeson'
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Antibodies play a major role in naturally-acquired immunity to
Plasmodium falciparum malaria and predominantly target the blood-
stages, including merozoites and infected erythrocytes (IEs). As a result of
intensified control efforts, and other factors, P falciparum transmission
has declined in many regions in recent years, and these declines have
been associated with higher rates and severity of clinical malaria, which
may be attributed to declining naturally-acquired immunity in the
population. While there is evidence that declines in malaria transmission
are associated with reductions in antibodies to blood-stage antigens,
what is less clear is whether significant humoral immune responses to

key targets are maintained after reductions in transmission, or the impact
on functional protective antibody responses. In a 3-year longitudinal
cohort of 300 Kenyan children, levels of antibodies to different antigens
were measured by ELISA, and levels of functional antibodies promoting
opsonic phagocytosis of merozoites, fixation of complement to merozoites
and antibodies to IEs were quantified. Over a period in which malaria
transmission declined substantially, antibodies to merozoite antigens
AMA1 and MSP2 decreased substantially (antibody half-lives 0.8 and

1-3 years); however, ~70% of children maintained their sero-positivity to
AMAT and ~45% to MSP2. Antibodies promoting opsonic phagocytosis
of merozoites also declined rapidly (half-life 0.15 years). In contrast,
complement-fixing antibodies to merozoites did not decline over the
study period and antibodies to surface antigens of IEs expressing virulent
phenotypes, targeting PFEMP1, were much better maintained (half-life
4-10 years). These data suggest that the loss of immunity as malaria
transmission declines is not universal as some key functional responses and
antibodies to IEs were well maintained and may continue to provide some
protection. These findings have implications for malaria surveillance and
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control measures. Understanding why some responses are well maintained
may inform the development of vaccines that generate sustained
protection.

SINGLE-CELL RNA-SEQ REVEALS ACTIVATION OF
CHROMATIN REGULATORS BY AP2-G DURING SEXUAL
COMMITMENT IN MALARIA PARASITES

Asaf Poran, Christopher Noetzel, Olivier Elemento, Bjorn F.
Kafsack

Weill Cornell Medical College, New York, NY, United States

Sexual commitment requires activation of ap2-g, the transcriptional
master regulator of sexual development, from its epigenetically silenced-
state during asexual replication. Expression of the AP2-G transcription
factor during this “commitment cycle” poises gene expression in nascent
merozoites to initiate sexual development through a hitherto unknown
mechanism. In order to maintain a persistent infection, ap2-g expression is
limited to a sub-population of parasites ranging from 1-30%, depending
on genetic background and growth conditions. As sexually-committed
schizonts comprise only a sub-population and are morphologically
indistinguishable from their asexually-committed counterparts, defining
their characteristic gene expression has been difficult using traditional,
bulk transcriptome profiling. To determine the transcriptional changes
induced by AP2-G within this sub-population, we applied highly-parallel,
single-cell RNA sequencing to malaria cultures undergoing sexual
commitment. In this first application of single-cell RNA-seq to malaria
parasites, we surveyed the transcriptomes of over 16,000 parasites

from multiple stages of development and found that, during merozoite
formation, AP2-G robustly up-regulates key transcription factors, including
histone modifying enzymes and regulators of nucleosome positioning.
These epigenetic regulators act to poise the expression of genes necessary
for initiation of gametocyte development in the subsequent cell cycle.

A SATURATION-LEVEL PIGGYBAC MUTAGENESIS SCREEN
OF THE PLASMODIUM FALCIPARUM GENOME DEFINES
GENES IMPORTANT FOR IN VITRO ASEXUAL BLOOD-STAGE
GROWTH

Min Zhang', Chenggi Wang', Jenna Oberstaller', Thomas D.
Otto?, Swamy Adapa’, Xiangyun Liao’, Justin Swanson', Suzanne
Li", Kenneth Udenze!, Julian C. Rayner?, Rays H. Jiang’, John H.
Adams’

"University of South Florida, Tampa, FL, United States, ?Wellcome Trust
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Plasmodium falciparum is the most lethal eukaryotic microbial pathogen
and yet the genetic basis of many of its unique biological properties and
important metabolic pathways remains unknown. In this study, we fulfill
the critical need for a robust analytical method to systematically define

the genes and pathways indispensable for in vitro survival of asexual
blood-stage P falciparum NF54 at a whole-genome scale. This study
exploits the efficiency of the piggyBac transposon method that primarily
produces single-insertion mutant parasites and Quantitative Insertion-

site Sequencing (Qlseq), our next-gen mutagenesis sequencing tool to
identify piggyBac insertion sites, to achieve for the first time saturation-
level mutagenesis of P falciparum. At this level of mutagenesis each gene
(intergenic + ORF) in the genome was targeted by multiple piggyBac
insertions. Even at this high density of mutagenesis, no piggyBac insertions
were recovered from half of the genes in P falciparum genome and so
disruption of the ORF of these genes was presumed deleterious to parasite
survival. Therefore, the genes without insertions disrupting their ORFs are
considered essential for asexual blood-stage growth. Examples of essential
genes includes K13 implicated in ART-R, the essential egress kinase gene
CDPKS5, and the primary drug target gene DHFR. In contrast, about half of
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the genes in genome had one of more ORF-disrupting piggyBac insertion
and these genes are presumed to be dispensable for asexual blood-stage
growth. Analysis of this dispensable gene set indicated about half of these
genes (>1000) are likely to be important in sexual stage development,
based upon peak gene expression patterns. Overall, by generation and
analysis of saturation-level, whole-genome coverage of unique piggyBac
insertions, we can discern genes and pathways most important for asexual
intraerythrocytic growth of P falciparum NF54 under ideal in vitro culture
conditions. The pB-Qlseq method now provides the robust genomic tool
needed to accelerate progress to identify and validate essential candidate
targets to develop the most effective new antimalarial therapies.

FUNCTIONAL ANALYSIS OF A SPOROZOITE RHOPTRY
PROTEIN DURING HEPATOCYTE INFECTION

Sirasate Bantuchai', Mamoru Nozaki', Amporn Thongkukiatkul?,
Natcha Lorsuwannarat!, Mayumi Tachibana', Kazuhiro Matsuoka’,
Takafumi Tsuboi®, Motomi Torii', Tomoko Ishino’
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Rhoptries, the apical end organelle in Plasmodium and Toxoplasma
invasive forms, are known as containing secretory proteins required

for parasite invasion of target cells. It has been well demonstrated in
Plasmodium that rhoptry neck protein members (e.g. RON2, RON4, and
ROND) are essential for merozoite invasion of erythrocyte by forming

the tight junction between parasites and host cells, however their roles
during sporozoite invasion of hepatocytes remain largely unknown. We
demonstrated that most merozoite rhoptry proteins are also localized to
sporozoite rhoptries. By applying sporozoite stage-specific gene silencing
system in Plasmodium berghei, we revealed that several rhoptry proteins,
including one containing EF hand domains (named RON), are involved

in sporozoite invasion of mosquito salivary glands. Here, we examined
whether RON in sporozoites is also required for the invasion of different
target cells, mammalian hepatocytes. RON repressed sporozoites were
collected from hemolymph of infected mosquitoes and injected into
¢57bl/6 mice intravenously. Livers were harvested at 24 h post inoculation
and parasite burden was examined by real time RT-PCR. Compared with
control sporozoites, RON repressed sporozoites have approximately 1000
times lower infectivity to mice. Furthermore, the sporozoite invasive ability
to hepatoma culture cells was almost abolished by RON repression. Since
RON repressed sporozoites demonstrated far less gliding motility, which
is required for invasion of mosquito salivary glands and mammalian
hepatocytes, sporozoite RON might contribute to the both invasion
processes by either regulating sporozoite motility or attachment ability to
the target cells.

PLASMODIUM FALCIPARUM GENETIC COMPLEXITY
INFLUENCES TRANSCRIBED VAR REPERTOIRE AND IMMUNE
RECOGNITION AMONG HIGHLY RELATED GENOTYPIC
CLUSTERS
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As transmission intensity has declined in Senegal, so has the genotypic
complexity of circulating Plasmodium falciparum parasites, resulting

in specific genotypes emerging and persisting over many years. Such
genetically related clusters could be transcriptionally and antigenically
related as well, potentially representing related immunogenic types, having
implications for population level immunity and vaccine development
strategies. We directly test the hypothesis that changes in parasite genetic
signatures can alter the host population’s immune repertoire to variant
surface antigens, and that the degree of genomic relatedness influences
the expression of variant antigens and the degree of immune recognition.
We characterize parasites within genotypic clusters, defined as identical

by the 24-SNP molecular barcode and assigned a haplotype identifier, for
other highly polymorphic foci; we measure expression of variant surface
antigens (VSA) such as PfEMP-1 by upstream-region (Ups) var group
expression typing and expressed var DBL1a sequencing in ex vivo RNA
samples and short-term adapted RNA samples; and we measure variant
surface antigen IgG responses against short-term adapted parasite isolates.
We quantify the extent to which isolates within clusters diversify their
genomic var repertoires over time. Parasites within genotypic clusters are
genetically identical at other highly polymorphic /oci and are extremely
similar in their genomic var repertoire, transcribed var repertoire, and host
antibody recognition of their VSAs. The degree to which parasites share
IgG recognition of VSAs is related to the level of genome-wide identity in
addition to the specific transcribed var repertoires. Monitoring changes in
population-level parasite genomics and transmission dynamics is critical, as
fluctuations will influence the breadth of resulting host immune responses
to circulating parasite genotypes. These findings suggest shared immune
recognition of genetically similar parasites, which has implications for both
our understanding of immunity and vaccine development strategies in
malaria elimination settings.

ALBA4 COORDINATES STAGE-SPECIFIC INTERACTIONS
AND MRNA FATES DURING PLASMODIUM GROWTH AND
TRANSMISSION

Elyse E. Munoz, Kevin J. Hart, Michael P. Walker, Mark F. Kennedy,
Mackenzie M. Shipley, Scott E. Lindner

Pennsylvania State University, University Park, PA, United States

Transmission of the malaria parasite depends upon an unpredictable
moment where a mosquito must take a blood meal from a host.
Plasmodium parasites have therefore evolved strategies to be prepared
for successful transmission, including translationally repressing and
protecting the mRNAs they will need to establish the infection following
transmission. This phenomenon has been well-described in sexual stage
parasites for the DOZI/DDX6, CITH, and PUF RNA-binding proteins, and
recently in sporozoites through investigations of PUF2. However, much

of the translational repression mechanism is not worked out, including
whether translational repressors change their protein binding partners and
mRNA targets in transmission stages, or other portions of the life cycle.
This is in large part due to severe technical limitations of biochemical,
proteomic, and transcriptomic studies of sporozoites, where substantial
mosquito contamination has stymied these efforts. We have recently
described the means to produce minimally perturbed, purified sporozoites
that are finally amenable to these types of investigations. Here, for the
first time, we provide a proteomic comparison of a protein complex across
asexual blood, sexual, and sporozoite stages, along with a transcriptomic
comparison of the mRNAs that are affected in these stages. We find that
the Apicomplexan-specific ALBA4 RNA-binding protein acts to regulate
development of the parasite’s transmission stages, and that ALBA4
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associates with both stage-specific and stage-independent partners to
produce opposing mMRNA fates. These efforts expand our understanding
and ability to interrogate both sexual and sporozoite transmission stages
and the molecular preparations they evolved to perpetuate their infectious
cycle.

INVESTIGATING THE VECTOR COMPETENCE OF CULEX
QUINQUEFASCIATUS FOR ZIKA VIRUS

Hannah J. MacLeod’, Yesseinia |. Anglero-Rodriguez', Xiao-xia
Guo?, Tong-yan Zhao?, George Dimopoulos'

'Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United
States, “Institute of Microbiology and Epidemiology, Beijing, China

Following the recent outbreak of Zika virus (ZIKV) in the Americas,

there has been a rapid investigation into the factors determining ZIKV
transmission during this epidemic. While Aedes aegypti was demonstrated
by several groups to be the major vector of ZIKV in the Americas, our
collaborators have shown that a strain of Culex quinquefasciatus from

the south of China may also be competent to transmit this pathogen.

We were interested in investigating the vector competence of different
strains of Cx. quinquefasciatus for an Asian ZIKV isolate. In order to assess
viral infection, midguts and carcasses were dissected after infection via
feeding on a ZIKV infected blood meal and viral titers were determined via
plagque assay. We did not observe viral plaques in any Cx. quinquefasciatus
tissues at the time points assayed, whereas plaques were found in Ae.
aegypti control midguts as early as 3 days post-infection (dpi). We then
infected Cx. quinquefasciatus via injection of ZIKV into the thorax and
dissected salivary glands at 3, 5, and 7 dpi and virus was detected in the
salivary glands at all time points. After infection of 2 Cx. quinquefasciatus
strains via blood feeding, ZIKV RNA was detected in the saliva via RT-

PCR. Alignment of the different ZIKV strains genomes identified potential
polyprotein variations in geographic isolates that may explain varying
competence phenotypes that have been observed in Cx. quinquefasciatus.
Current studies focus on clarifying whether the discrepancy between
plague assay and RT-PCR results is due to a mosquito species-specific
modification of the virus or a severe infection bottleneck in the Cx.
quinquefasciatus midgut. This work is critical for understanding the role of
Cx. quinquefasciatus in the transmission of ZIKV.

LONG-TERM SURVEILLANCE DEFINES SPATIAL, TEMPORAL
AND ENVIRONMENTAL PATTERNS THAT IMPLICATE CULEX
TARSALIS AS THE PRIMARY VECTOR OF WEST NILE VIRUS
TRANMISSION

Brendan M. Dunphy, Kristofer B. Kovach, Ryan C. Smith
lowa State University, Ames, IA, United States

West Nile virus (WNV) has become the most epidemiologically important
mosquito-borne disease in the United States with ~46,000 cases since

its introduction in 1999. Transmitted primarily by Culex species, WNV
transmission requires the complex interplay between bird reservoirs and
mosquito vectors that results in human cases. To better understand these
interactions, we have compiled data over the last 15 years (2002-2016)
in lowa examining WNV seroprevalence in sentinel chickens, mosquito
infection rates, and their impacts on human disease cases. By quantifying
infection rates of these hosts from spatial and temporal perspectives,

we have constructed an overall picture of when and where WNV is most
actively being transmitted. Overlaying these findings with mosquito
infection rates and abundance data, we provide strong support that Culex
tarsalis is a more competent vector of WNV and that its abundance is
highly correlated to human WNV cases. In addition, we have identified
underlying climatic factors such as over-wintering temperatures and
prolonged periods of drought as integral components that influence
WNV transmission from year to year. From these insights, we have
generated predictive models to determine the intensity of WNV infection
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in a given year to focus public health resources to prevent future human
WNYV disease cases. Together, this analysis provides new insights into
WNV transmission dynamics and highlights the importance of long-term
surveillance and epidemiology to understand mosquito borne-disease
transmission.

MOSQUITO IMMUNITY BEFORE AND AFTER
METAMORPHOSIS: EVIDENCE OF ADAPTIVE DECOUPLING IN
ANOPHELES GAMBIAE

Garrett P. League, Tania VY. Estévez-Lao, Yan Yan, Valeria A.
Garcia-Lopez, Julian F. Hillyer
Vanderbilt University, Nashville, TN, United States

As holometabolous insects, mosquitoes undergo dramatic changes in
morphology and ecological niche as they transition from aquatic larvae

to terrestrial adults. Because larvae encounter a high density and diversity
of pathogens in their microbe-rich aquatic environments and selection
pressures are strongest on younger individuals that have yet to reproduce,
we hypothesized that larval immunity is stronger than that of adults.

To test this, we surveyed a broad array of cellular and humoral immune
parameters in Anopheles gambiae larvae and compared the strength of
these responses to that of newly-emerged (1-day-old) adults and older
(5-day-old) adults. Overall, we found that larvae display more robust
immune responses compared to adults with respect to bacteria killing
efficiency, circulating and sessile hemocyte numbers, phagocytic properties
of hemocytes, antimicrobial and melanization activity of hemolymph, and
infection-induced transcription of immunity genes. Furthermore, we found
that adult immune responses tend to decline with age. These findings

are suggestive of both immune senescence and adaptive decoupling,

or the independent evolution of larval and adult traits made possible by
metamorphosis.

USING MOBILE PHONES AS ACOUSTIC SENSORS FOR HIGH-
THROUGHPUT SURVEILLANCE OF MOSQUITO ECOLOGY

Haripriya Mukundarajan, Felix Hol, Erica Castillo, Cooper
Newby, Manu Prakash

Stanford University, Stanford, CA, United States

Frequent, widespread, and high resolution surveillance of mosquitoes is
essential to understanding their complex ecology and behaviour, in order
to formulate strategies to mitigate or prevent mosquito-borne diseases.
However, there is a scarcity of data on the abundance, temporal variation,
and spatial distribution of mosquito vector species, due to the absence of
high-throughput, low-cost surveillance techniques. Acoustic measurement
of the species-specific wingbeat frequencies of mosquitoes has been
proposed decades ago as a solution to automate surveillance. Yet, this
approach has not taken flight on a large scale, due to technological
limitations in signal acquisition and hardware scalability. In this work, we
demonstrate that commercially available mobile phones are a powerful
tool for acoustically mapping mosquito species distributions, thus
establishing a new citizen-driven paradigm for crowdsourced mosquito
surveillance that takes advantage of the existing and widespread mobile
network infrastructure. We show that even low-cost mobile phones with
basic functionality are capable of sensitively acquiring acoustic data on
species-specific mosquito wingbeat sounds, while simultaneously recording
the time and location of the human-mosquito encounter. We survey a
wide range of medically important mosquito species, to quantitatively
demonstrate how acoustic recordings supported by spatio-temporal
metadata enable rapid, non-invasive species identification. As proof-of-
concept, we carry out field demonstrations where minimally-trained users
map local mosquito fauna using their personal phones. Thus, by leveraging
the global mobile phone infrastructure with the potential for engaging
citizen scientists, our approach enables continuous large-scale acquisition
of mosquito surveillance data in resource-constrained areas.



INTERROGATION OF THE SEASONAL MICROBIOME OF
ANOPHELES COLUZZII IN MALI

Benjamin J. Krajacich', Diana L. Huestis', Adama Dao?, Alpha S.
Yaro?, Moussa Diallo?, Asha Krishna', Jiannong Xu?, Tovi Lehmann'

"National Institute of Allergy and Infectious Diseases, Rockville, MD,
United States, ?ICER Mali, Bamako, Mali, ’New Mexico State University, Las
Cruces, NM, United States

The poorly understood mechanisms of the seasonal maintenance of
Anopheles spp. mosquitoes through the dry season in West Africa remain
a critical gap in our knowledge of Plasmodium disease transmission.
While it is thought some mosquitoes remain in a dormant state
throughout this seven-month dry season, the nature of this state remains
unknown and has largely not been recapitulated in laboratory settings.
To elucidate possible life history traits allowing for this phenotype, this
study used molecular tools to investigate the spatiotemporal change in
the microbiome of mosquitoes in the dry and wet seasons in Mali. We
analyzed the 16S ribosome bacterial and internal transcribed spacer (ITS)
fungal sequences present in mosquitoes collected from two locations with
varying water availability. These locations were a village near the Niger
River with year-round water sources (N'Gabakoro), and a Sahelian area
with highly seasonal breeding sites (Thierola). Using 16S next-generation
sequencing data, we found 449 unique genera across 29 families with
2771 unique 16S sequence variants. With these, we could discriminate
several compositional differences that were seasonally and spatially
linked. Counter to our initial hypothesis, we found a more pronounced
seasonal difference in the bacterial microbiome in the area with year-
round water sources (N'Gabakoro). These major seasonal shifts came in
Ralstonia and Duganella spp. bacteria that are classically soil and water-
associated, indicating that these changes may be from bacteria acquired
in the larval environment, rather than during adulthood. Additionally,
with fungal ITS-specific reads we found 209 unique fungal genera that
showed a high degree of variability between individuals. Lastly, through
16S and cytochrome B analysis we found a greater heterogeneity in host
choice of An. coluzzii in the dry season, which may indicate a relaxation
of anthropophily in some locations during this time. With these findings,
we help to further refine our knowledge of Anopheles spp. maintenance
strategies during this cryptic period critical to the maintenance of the
Plasmodium spp. transmission cycle.

LARVAL BREEDING WATER: MICROORGANISMAL
HETEROGENEITIES EFFECTS ON ADULT VECTOR
COMPETENCE OF HUMAN PATHOGENS AND IMMUNITY

Jenny S. Carlson, Yesseinia Anglero-Rodriguez, George
Dimopoulos

Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United
States

The biotic characteristics of larval habitats have been shown to contribute
to the growth and development of mosquito larvae and to adult fitness.
The accretion of the current understanding of the role of bacteria in
modulating mosquito permissiveness to human pathogens, although
significant, still lacks understanding on how the microorganismal
heterogeneity in the larval habitat may influence vector competence of the
adult. In the current study, we tested the hypothesis that larval exposure to
different Gram-positive and Gram-negative bacteria will result in a bacteria
species -specific modulation of permissiveness to human pathogens
through a prolonged transstadial modulation of mosquito physiological
systems that can influence infection, such as the immune system. Late
developmental larval stages of both Aedes aegypti and Anopheles
gambiae were exposed to Gram-positive Bacillus sp. and Staphylococcus
sp., and Gram-negative Pseudomonas sp. and Enterobacter sp. Here we
present vector competence of the resulting adult mosquitoes as a measure
of permissiveness to dengue and Zika viruses and Plasmodium falciparum.

For each bacteria we included experimental groups that had either been
challenged at the larval (primed larvae) or adult (primed adults) stage,

or both (primed larvae and adults) stages. The pupae were sterilized to
avoid transstadial carry-over of bacteria. We also compared immune

gene expression of bacteria-challenged larvae to the resulting adults, and
we compared the daily survival of each experimental group. Our results
show that each experimental group had different permissiveness to the
pathogens. For example, the adults derived from the primed larvae group
showed greater permissiveness to both viruses, indicating the existence of
bacteria challenge-mediated transstadial influence on vector competence.
We also observed a transstadial activation of immune genes and a
significant difference in the survival rate of adults emerging from bacteria-
challenged larvae. Our study predicts that bacterial heterogeneity in the
larval habitat can impact the vector competence, immunity and fitness of
adult mosquitoes.

NORTHERN RANGE EXPANSION OF THE ASIAN TIGER
MOSQUITO (AEDES ALBOPICTUS): ANALYSIS OF MOSQUITO
DATA FROM CONNECTICUT, USA

Philip Armstrong, Theodore G. Andreadis, John J. Shepard,
Michael C. Thomas

The Connecticut Agricultural Experiment Station, New Haven, CT, United
States

The Asian tiger mosquito (Aedes albopictus) is a highly invasive species
that was introduced into the U.S. in the 1980’s and continues to expand
its range in the eastern half of the country. Winter temperature is an
important constraint to this species northward expansion and Connecticut
appears to be located at the thermal limit for overwintering survival of this
species. In this study, we sampled mosquitoes from 91 statewide trapping
sites from 1997-2016 to track the establishment and range expansion

of Ae. albopictus in Connecticut. In addition, Ae. albopictus larvae were
monitored in tire habitats and tires were retrieved from the field in the
spring and flooded to evaluate overwintering success of hatching larvae.
Ae. albopictus was first detected during statewide surveillance when a
single specimen was collected in 2006. This species was not collected
again until 2010 and was detected every year since then with increasing
abundance and distribution except following exceptionally cold winters.
Ae. albopictus mosquitoes were most abundant in urban and suburban
locations along the Long Island Sound shoreline of southwestern
Connecticut; however, single specimens were occasionally detected in
central parts of the state. Field-collected females were also screened for
arbovirus infection yielding two isolations of Cache Valley virus and one
isolation of West Nile virus highlighting the threat posed by this mosquito.
Ae. albopictus overwintered in Connecticut under mild winter conditions
as shown by recovery of larvae hatching in spring and by early seasonal
detection of larvae and adults. This study documents the establishment
and expansion of Ae. albopictus at the northern boundary of its range

in New England and provides a baseline for monitoring future range
expansion and population increases anticipated under climate change.

DENGUE VIRUS IN PATIENTS DIFFERS FROM CELL CULTURE
DERIVED VIRUS

Rajendra Raut’, Kizzimekia S. Corbett’, Aruna D. De Silva?,
Ananda Wijewickrama?, Aravinda M. de Silva'

"University of North Carolina at Chapel Hill, Chapel Hill, NC, United States,
?Genetech Research Institute, Colombo, Sri Lanka, *National Institute of
Infectious Diseases, Gothatuwa, Sri Lanka

Recent results from vaccine trials have demonstrated that the presence of
antibodies that neutralize cell culture derived DENVs does not necessarily
correlate with protective immunity. These and other observations highlight
the importance of defining the properties of DENVs that circulate

within infected individuals. The goal of this study was to characterize
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and compare DENV serotype 1 (DENV1) viruses circulating in viremic
patients and the same patient viruses after 1 passage in cell culture. We
collected blood from 20 viremic patients exposed to primary DENV1
infections during an epidemic in Sri Lanka in 2014, isolated the virus on
commonly used C6/36 insect cells and Vero mammalian cell lines. The
specific infectivity (viral genome copy number/infectious virus) of the
human plasma viruses and corresponding cell culture passaged virus)
was determined using a digital drop polymerase chain reaction (ddPCR)
and a Vero cell focus assay. Our results demonstrated that the specific
infectivity of plasma viruses is 47 fold and 615 fold greater compared to
the same virus amplified on mammalian (Vero) and Insect (C6/36) cell
lines respectively. We evaluated the maturation state of plasma and cell
culture derived DENV1 using a preMembrane (prM) protein specific MAD,
which will capture partially or fully immature virions but not completely
mature virions. The majority of the cell culture derived virus (>75%) was
captured by the prM MAb whereas none of the plasma virus bound to
the MAb. Thus, DENV1 in plasma is fully mature unlike cell culture grown
DENV1, which was mostly immature. As DENV maturation stage can
strongly alter sensitivity to antibody neutralization, we compared the
ability of seven well-characterized human and mouse MAbs to neutralize
plasma and cell culture derived DENV1. One DENV1 specific human MAb
equally neutralized plasma and cell culture viruses. The remaining 6 MAbs
neutralized the cell culture viruses much better than the plasma viruses.
Our results demonstrate that the specific infectivity, maturation state and
sensitivity to antibody neutralization are profoundly altered even after a
single passage of DENV1 in cell culture.

EVOLUTION OF B CELL RESPONSE IN PRIMARY DENGUE
INFECTION

Huy A. Tu', Usha K. Nivarthiz, Daniel Emerling?, Douglas

G. Widman#4, Ralph S. Baric?, Kristen K. Pierce’, Stephen S.
Whitehead®, Beth D. Kirkpatrick’, Anna P. Durbiné, Aravinda M. de
Silva?, Sean A. Diehl’

'Department of Medicine-Infectious Diseases and Vaccine Testing Center,
University of Vermont, Burlington, VT, United States, 2Department of
Microbiology and Immunology, University of North Carolina School of
Medicine, Chapel Hill, NC, United States, *Atreca, Palo Alto, CA, United
States, “Department of Epidemiology, Gillings School of Global Public
Health, University of North Carolina, Chapel Hill, NC, United States,
>National Institute of Allergy and Infectious Diseases, National Institutes of
Health, Bethesda, MD, United States, ®Johns Hopkins Bloomberg School of
Public Health, Johns Hopkins University, Baltimore, MD, United States

Any of the four mosquito-borne dengue virus (DENV) serotypes can
cause disease, which affects more than one hundred million people
worldwide per year. Antibodies are a key mechanism by which DENV is
controlled, and is a desired feature of vaccination. The antibody response
in dengue infection is characterized by both serotype-specific (TS) and
cross-reactive (CR) antibodies, but the relationship between these pools
of antibodies at a cellular level over time is not known. While neutralizing
monoclonal antibodies have been isolated from both of these categories,
non-neutralizing CR antibodies have also been implicated in severe
secondary dengue. Understanding the dynamics and contribution of

TS and CR antibodies is critical to understand how protection versus
disease enhancement is generated after a dengue infection. To address
this question, we analyzed the acute plasmablast and convalescent
memory B cell repertoires in longitudinal samples from three subjects
enrolled in a controlled human infection model for DENV-2. The early
plasmablast response peaked at approximately 2-3 weeks post-DENV-2
infection, and accounted for approximately 6% of total B cells. Paired
immunoglobulin heavy and light chains from single plasmablasts were
sequenced. From a representative cross-section of IGH/IGL repertoire, we
expressed recombinant IgGs. Up to 60% of these plasmablast-derived
antibodies were specific to dengue antigen. The majority (74%) of the
antigen-specific clones were specific to the infecting DENV-2 serotype.
We immortalized and cloned memory B cells collected six months post-
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infection and found that the frequency of DENV-specific memory B cells
had contracted to an estimate of 0.02% of total B cells and consisted

of both TS and CR clones at comparable proportions, with many clones
targeting quaternary epitopes on complex virions. The information gained
from exploring the antibody evolution in this primary infection model
provides a foundation to evaluate the antibody response induced by
vaccination and to assess the contribution of CR and TS antibodies to
durable protective immunity against DENV.

DENGUE VIRUS NS1-INDUCED ENDOTHELIAL CELL-INTRINSIC
VASCULAR LEAK IS INDEPENDENT OF INFLAMMATORY
CYTOKINES BUT DEPENDENT ON ENDOTHELIAL
GLYCOCALYX INTEGRITY

Dustin Glasner, Kalani Ratnasiri, Henry Puerta-Guardo, P. Robert
Beatty, Eva Harris

Division of Infectious Diseases and Vaccinology, School of Public Health,
University of California, Berkeley, Berkeley, CA, United States

Dengue virus (DENV) is the most medically important arbovirus,

affecting 40% of people worldwide and infecting as many as 390
million individuals annually. Up to 96 million cases occur each year,
ranging from uncomplicated dengue fever (DF) to life-threatening
dengue hemorrhagic fever/dengue shock syndrome (DHF/DSS), which is
characterized by endothelial dysfunction and vascular leakage. Previously,
we demonstrated that DENV nonstructural protein 1 (NS1) can induce
endothelial hyperpermeability in both human cell culture and a systemic
mouse model. Additionally, DENV NS1 has been shown to disrupt the
endothelial glycocalyx, as well as trigger release of inflammatory cytokines
from peripheral blood mononuclear cells via TLR4. Here, we examined
the relative contributions of inflammatory mediators and endothelial cell-
intrinsic pathways to DENV NS1-induced endothelial hyperpermeability
and vascular leak. In vivo, we demonstrated that DENV but not West Nile
Virus NS1 triggers dose-dependent, localized vascular leak in the dorsal
dermis of wild-type C57BL/6 (WTB6) mice as measured by Alexa Fluor
680-conjugated dextran. In vitro, we showed that the human dermal
endothelial cell line HMEC-1 does not produce inflammatory cytokines
(TNF-q, IL-6, IL-8) in response to DENV NS1 but does in response to
lipopolysaccharide (LPS) and that specific monoclonal antibodies to these
cytokines do not block DENV NS1-induced endothelial hyperpermeability
as measured by trans-endothelial electrical resistance (TEER). Further, we
demonstrated that DENV NS1 induces vascular leak in B6 mice genetically
deficient for TLR4 or TNF-a receptor at similar levels to WTB6 animals.
Finally, we blocked DENV NS1-induced vascular leak in WTB6 using

an inhibitor cocktail targeting sialidase, cathepsin L, and heparanase,
molecules involved in endothelial glycocalyx disruption. Taken together,
our results indicate that DENV NS1-induced endothelial cell-intrinsic
vascular leak is independent from inflammatory cytokines but dependent
on endothelial glycocalyx integrity and suggest potential molecular targets
for the treatment of severe dengue disease.

FLAVIVIRUS NONSTRUCTURAL PROTEIN 1 MODULATES
ENDOTHELIAL PERMEABILITY AND VASCULAR LEAK IN A
TISSUE- AND DISEASE-SPECIFIC MANNER

Henry Puerta-Guardo, Dustin Glasner, Milena Dimitrova, Kalani
Ratnasiri, Diego Espinosa, Eva Harris

Division of Infectious Diseases and Vaccinology, School of Public Health,
University of California Berkeley, Berkeley, CA, United States

The flavivirus genus includes the human pathogens dengue virus (DENV),
yellow fever virus (YFV), Japanese encephalitis virus (JEV), West Nile virus
(WNV), tick borne encephalitis virus (TBEV) and Zika virus (ZIKV). Flaviviral
infections range from asymptomatic to self-limiting febrile illness to

severe clinical manifestations, including encephalitis, hemorrhage, shock,
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congenital birth defects and neurological complications. The flavivirus
non-structural protein 1 (NS1) plays critical roles in virus replication and
immune evasion. Recently, we showed that DENV NS1 alters the integrity
of endothelial monolayers, leading to endothelial barrier dysfunction and
vascular leak. However, the ability of other flavivirus NS1 proteins to alter
endothelial permeability remains unknown. Here, we examined the ability
of NS1 proteins from DENV, WNV, JEV, YFV and ZIKV to interact with and
modulate the barrier function of different human endothelial cell (EC)
lines, as well as their ability to cause tissue-specific vascular leakage in
vivo. We demonstrated that flavivirus NS1 proteins selectively alter the
permeability of ECs from lung, liver, skin, brain, and umbilical vein in
vitro and cause vascular leakage in a tissue-dependent manner in vivo,
which reflects the disease pathogenesis. Mechanistically, we showed that
flavivirus NS1 proteins differentially induce disruption of the endothelial
glycocalyx and mislocalization of intercellular junction proteins of ECs.

In preliminary in vitro studies, we found that only DENV NS1 facilitates
DENV dissemination through polarized lung ECs, consistent with leakage
in the lung in severe dengue disease. Interestingly, this was not observed
with other flaviviral NS1 proteins. Conversely, ZIKV but not WNV NS1
increased ZIKV translocation across human umbilical vein ECs. Ongoing
in vivo experiments will clarify the role of NS1 in virus dissemination. Our
findings reveal a previously unidentified ability of flavivirus NS1 proteins
to modulate endothelial barrier dysfunction in a tissue-specific manner
both in vitro and in vivo, potentially influencing flavivirus pathogenesis and
disease.

MAPPING THE TARGET EPITOPES OF THE TYPE SPECIFIC
ANTIBODY RESPONSES INDUCED BY A LIVE-ATTENUATED
DENGUE VACCINE

Jesica A. Swanstrom', Usha K. Nivarthi', Matt J. Delacruz', Anna
P. Durbin?, Stephen S. Whitehead?, Aravinda M. de Silva', Ralph S.
Baric!

"University of North Carolina at Chapel Hill, Chapel Hill, NC, United
States, 2Johns Hopkins Bloomberg School of Public Health, Department

of International Health, Baltimore, MD, United States, *Laboratory of
Infectious Diseases, National Institute of Allergy and Infectious Diseases,
National Institutes of Health, Bethesda, MD, United States

The Laboratory of Infectious Diseases at the National Institutes of Health
has developed, live attenuated Dengue (DENV) vaccines to each of the
four serotypes (DENV1- DENV4). The LATV TV003, comprised of these four
components, has been shown in a human challenge model, to completely
protect all vaccinated subjects from infection following challenge with
DENV2. An ideal DENV vaccine should elicit a balanced immune response
against all four serotypes of DENV, in addition to being safe and inducing
durable long-term protection. The safety, infectivity, and immunogenicity
profiles of each monovalent DENV vaccine were characterized previously

in healthy, flavivirus-naive adult volunteers, however epitope-specific
responses were not evaluated. To determine vaccine induced correlates

of protection, we performed antibody depletions to determine the roles

of serotype-specific and cross-reactive antibodies in the neutralization of
each serotype. Once type-specific responses had been confirmed, we used
recombinant DENV (rDENV) viruses to map the targets of type-specific
neutralization epitopes targeted by the vaccine-induced antibody response.
A portion of each of the type-specific neutralizing antibody responses were
directed to previously identified epitope regions that mapped to strongly
neutralizing quaternary type-specific antibodies against DENV1, DENV2,
DENV4, and in limited cases, to DENV3. Interestingly, the importance

of each epitope targeted by the type-specific response, appeared to be
dependent on the cell type used for neutralization. The type-specific
epitopes mapped for DENV1, DENV3, and DENV4 had a more significant
impact on the neutralization in a human monocytic cell line expressing
dendritic cell-specific intercellular adhesion molecule 3-grabbing non-
integrin (DC SIGN). While, in the Vero cell line, the monovalent vaccine
samples had an increased neutralization capacity against heterotypic DENV
serotypes.

THE EARLY PLASMABALST DERIVED ANTIBODY RESPONSE
TO PRIMARY DENGUE VIRUS INFECTION

Usha Nivarthi’, Bhumi Patel', Matt Delacruz', Anna Durbin?,
Steve Whitehead?, Ralph Baric', Sean Diehl*, Daniel Emerling®,
Aravinda Desilva’

"University of North Carolina, Chapel Hill, NC, United States, 2Johns
Hopkins Bloomberg School of Public Health, Baltimore, MD, United States,
3Laboratory of Infectious Diseases, Bethesda, MD, United States, “The
University of Vermont, Burlington, VT, United States, *Atreca Inc., San
Francisco, CA, United States

The four mosquito-borne dengue virus (DENV) serotypes are responsible
for dengue hemorrhagic fever. People exposed to acute viral infections
develop a rapid but transient increase in antibody secreting plasmablasts.
After recovery, memory B-cells (MBC) and antibody secreting long lived
plasma cells (LLPC) are key components of protective immunity. For DENVs
the origin and relationships between antibodies produced by the early
plasmablast response and the MBC, LLPC responses are not well defined.
The goal of this study was to characterize the plasmablast responses

in primary dengue infection using a DENV2 human challenge model.
Flavivirus-naive subjects were challenged with a partially attenuated strain
of DENV2. The plasmablast responses in three subjects were analyzed

in terms of magnitude, antibody repertoire, antigen-specificity and
neutralization properties. Peak plasmablast responses correlated with onset
of peak viremia. The plasmablast antibody repertoire was determined
using single-cell DNA barcoding and high throughput deep sequencing

to determine the cognate heavy and light chain immunoglobulin genes
expressed by a total of 1690 plasmablasts. The antibody sequences

were analyzed to determine phylogenetic relationships of clones and
antibody families within individuals as well as families convergent between
individuals. A panel of 92 monoclonal antibodies representing families

of expanded, proliferative clones were selected for antibody expression.
Purified antibodies were screened for binding to and neutralization of the
4 DENV serotypes. A large fraction (60%) of the antibodies recognized
one or more DENV serotypes. The majority of the DENV reactive
antibodies were type-specific to serotype 2 and recognized epitopes
displayed on intact DENV?2 virions. Although lineages bound to DENV

at a high rate, a small fraction of the DENV reactive antibodies strongly
neutralized serotype 2. We will discuss the implications of our results for
understanding the complex interplay of the early plasmablast and late
memory B cell responses to primary DENV infection.

USE OF STRUCTURAL EQUATION MODELS TO PREDICT
DENGUE ILLNESS PHENOTYPE

Sangshin Park’, Anon Srikiatkhachorn?, Siripen Kalayanarooj?,
Louis Macareo*, Sharone Greens, Jennifer F. Friedman?, Alan L.
Rothman?

'Brown University, Providence, R, United States, “University of Rhode
Island, Providence, Rl, United States, *Queen Sirikit National Institute of
Child Health, Bangkok, Thailand, “Armed Forces Research Institute of
Medical Sciences, Bangkok, Thailand, *University of Massachusetts Medical
School, Worcester, MA, United States

Early recognition of dengue illness, particularly patients at high risk for
plasma leakage syndrome, is of critical importance to optimal clinical
management. However, substantial overlap in the clinical profile of mild
and severe dengue illness continues to present significant challenges

to this goal. The objective of this study was to build predictive models
for dengue, dengue hemorrhagic fever (DHF), and dengue shock
syndrome (DSS) using structural equation modelling. Using data from
284 children from a hospital-based, prospective study in Thailand, we
performed structural equation modelling to capture mechanistic pathways
culminating in dengue, DHF, and DSS. Fever day 0 was defined as the
point when temperature was <38°C for a consecutive 12 hours and
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considered the day of defervescence; days before and after defervescence
were numbered consecutively. Study day 1 was defined as the day when

a child was enrolled in the study, and days were numbered consecutively
afterward. lliness day 1 was defined as the day when fever was >38°C,
and days were numbered consecutively afterward. Models for dengue,
DHF, and DSS were separately developed based on data from fever days
(days -3 and -1) and validated by data from 834 children not used for
model development. At fever day -3, predictors for dengue and DSS
included age, tourniquet test, aspartate aminotransferase, and white
blood cell, lymphocyte, and platelet counts. Predictors for DHF included
age, aspartate aminotransferase, hematocrit, tourniquet test, and white
blood cell and platelet counts. The models showed good predictive
performances, regardless of disease phenotype and data collection time
points as indicated by comparable areas under the receiver operating
curves (AUC). For example, the AUC for any acute dengue illnesses based
on fever day O, study day 3, and illness day 3 data were in the range of
0.93-0.97, 0.90-0.94, and 0.80-0.85, respectively. These predictive models
have potential use in estimating the probability that a child has dengue
and whether the child will ultimately manifest DHF or DSS based on clinical
laboratory data available before the critical phase of illness.

EFFECTIVENESS OF A COMBINED HOUSEHOLD-LEVEL PIPED
WATER AND SANITATION INTERVENTION IN RURAL ODISHA,
INDIA ON HEALTH: A MATCHED COHORT STUDY

Heather Reese’, Parimita Routray?, Sheela Sinharoy', Belen
Torondel?, Howard Chang', Thomas Clasen'

'Emory University, Atlanta, GA, United States, London School of Hygiene
& Tropical Medicine, London, United Kingdom

Globally, almost one billion people practice open defecation—the majority
reside in India. While government campaigns have increased toilet

access in India, recent studies found limited impact on health, possibly
due to sub-optimal sanitation coverage and use. Although coverage

of community-level improved water sources is high even in rural India,
household-level water access may be critical to the use of toilets in

this context. Gram Vikas, an NGO in Odisha, India, has implemented a
combined intervention in over 1000 villages since 2002. Their approach
includes household-level piped water connections contingent on full
community-level coverage of household toilets. We undertook a matched-
cohort study in Ganjam and Gajapati districts in Odisha, India to assess
intervention impact on water and sanitation coverage and use, and on
health. Surveys and environmental samples from eligible households
(N=2384) from 45 randomly selected intervention and 45 matched
control villages were collected at four times from May 2015-Oct 2016.
The intervention was associated with increased access to improved toilets
(85% v. 18%), as well as increased toilet use by adults (74% v. 13%)

and for child feces disposal (35% v. 6%)(p<0.001). The intervention

was also associated with increased access to piped water (73% v. 8%,
p<0.001) although almost all households in both study arms stored
drinking water—a possible source of continued exposure. Adjusting for
sociodemographic variables, the intervention was not associated with
reduced diarrhea in children <5 (OR: 0.94, 95% Cl: 0.74-1.20). Children
<5 in intervention villages had improved nutritional status as measured
by height-for-age z-score (HAZ) (+0.17 HAZ, 95% Cl: 0.03-0.31), though
over a third of children in both arms were moderately stunted (40% v.
33%). This study offers evidence that a combined water and sanitation
intervention can substantially decrease open defecation and improve child
nutrition in India. The mixed effects on health may be due to continued
exposure to fecal pathogens and to subclinical infections.
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PREVALENCE AND ETIOLOGY OF ENTERIC INFECTIONS
AMONG CHILDREN SHARING SANITATION IN LOW-INCOME
NEIGHBORHOODS OF MAPUTO, MOZAMBIQUE: BASELINE
DATA FROM THE MAPSAN TRIAL

Jacqueline Knee', Trent Sumner?, Oliver Cumming?, Rassul Nala?,
Joseph Brown'
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Persistent enteric infection can have long-term effects on child health.
Risk of exposure to enteropathogens can be greater in low-income,
informal, urban settlements where high population density and low-level
access to safe sanitation coexist. The MapSan Trial examines the impact
of providing shared sanitation on the risks of enteric infections in children
living in Maputo, Mozambique. We report baseline data from MapSan,
with a focus on etiologies of symptomatic and asymptomatic enteric
infection. Stools collected from children <4 years were assayed using a
multiplex, PCR-based, diagnostic assay to identify current infections of
Campylobacter jejuni, Salmonella spp., Shigella spp., enterotoxigenic
Escherichia coli [ETEC], Shiga toxin-producing E. coli, E. coli O157:H7,
Vibrio cholerae, Yersinia enterocolitica, toxigenic Clostridium difficile,
Giardia lamblia, Cryptosporidium spp., Entamoeba histolytica, Rotavirus
A, Norovirus GI/Gll, and Adenovirus 40/41. Self-reported diarrhea data
were available for each child providing a stool. 87% of stools (n=684)
were positive for >1 viral, bacterial, or protozoan target; only 14% of
caregivers reported diarrheal symptoms in the 7 days prior to enrollment.
The most frequently detected pathogens among both symptomatic

and asymptomatic children included Giardia (52 %), Shigella (44%),
ETEC (30%), and Salmonella (21%); prevalence of Giardia and Shigella
increased with age, and Salmonella prevalence decreased with age. 84%
of detected infections were asymptomatic. Prevalence of coinfection
was high: most (59%) children were infected with >1 pathogen and the
average number of infections per child ranged from 1.3 in the youngest
age stratum (0-11 months) to 2.1 in the eldest (24-48 months). Our results
complement recent findings from the Global Enteric Multicenter Study
and highlight the importance of surveillance for both symptomatic and
asymptomatic infections as markers of child health. Chronic exposure

to enteropathogens, regardless of symptomology, may result long-term
health effects in children including impairment of growth and cognitive
development.

EFFECT OF A SANITATION INTERVENTION ON SOIL-
TRANSMITTED HELMINTH PREVALENCE AND
CONCENTRATION IN HOUSEHOLD SOIL: A CLUSTER-
RANDOMIZED CONTROLLED TRIAL

Lauren Steinbaum’, John Mboya?, Ryan Mahoney?, Jared Otuke?,
Sammy Njenga*, Clair Null}, Amy Pickering’

'Stanford University, Stanford, CA, United States, ?Innovations for Poverty
Action, Nairobi, Kenya, *Innovations for Poverty Action, New Haven, CT,
United States, “Kenya Medical Research Institute, Nairobi, Kenya

Sanitation interventions have been associated with a reduced prevalence
of soil-transmitted helminth (STH) infection, and it has been hypothesized
that improved sanitation interventions prevent fecal contamination from
spreading throughout the household environment. Our study investigates
the hypothesis that an improved sanitation intervention, a pit latrine with
slab and child feces management tools, reduced STH eggs in household
soil. We collected soil samples from 2107 households that were enrolled in
the control (N=898), sanitation (N=613), and combined water, sanitation
and hygiene (WSH) (N=596) intervention arms of the WASH Benefits
cluster randomized controlled trial in rural Kenya. We combined the
sanitation and WSH households into one improved sanitation intervention
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group and found the intervention did not significantly reduce the
prevalence (17.0% versus 18.9% in the control group) or concentration
(geometric mean of 0.24 egg/g dry soil in both arms) of total STH eggs
in soil. There was also no difference in the impact of the sanitation and
combined WSH intervention arms on STH eggs in household soil, and
there were no effects of the intervention on single STH species or viable
eggs. Notably, most households (98.1%, 881 out of 898) in the control
group had access to a sanitation facility; upgrading from unimproved to
improved sanitation facilities may not be enough to affect the presence
of STH eggs in household soil. In the control group, we found use of a
shared latrine, past deworming of young children in the household, child
open defecation practices, and an indicator of household wealth were
associated with the presence of STH eggs in soil. Our results indicate that
in areas with high access to latrines, where open defecation is rare and
latrine sharing is common, improving latrines with slabs and drop hole
covers and facilitating safe disposal of children’s feces may not be enough
to interrupt environmental transmission of STH.

SCHISTOSOMIASIS COUNTRYWIDE ASSESSMENT IN
UGANDA: A NEGLECTED TROPICAL DISEASE OF CONCERN
FOR WATER, SANITATION AND HYGIENE PRACTITIONERS

Natalie G. Exum’, Alexandra Shannon', Fredrick E. Makumbi?,
Simon P. Kibira?, John Ssempebwa?, Edridah M. Tukahebwa?,
Kellogg J. Schwab!

"Johns Hopkins University, Baltimore, MD, United States, ?Makerere
University, Kampala, Uganda, *Vector Control Division, Ministry of Health,
Kampala, Uganda

Schistosomiasis is a neglected waterborne disease transmitted indirectly
through freshwater snails, estimated to affect over 200 million people in
Sub-Saharan Africa. In Uganda, where the disease is considered endemic,
control programs have focused mainly on chemotherapeutic intervention
with Praziquantel (PZQ) with less emphasis on interrupting environmental
transmission. To understand the prevalence of Schistosomiasis in

Uganda and the associated risk factors, we undertook the first nationally
representative survey of an African country, which included testing,
diagnosis and treatment at the household level. We conducted rapid data
collection using mobile technology under the Performance Monitoring

& Accountability 2020 platform that utilizes a multi-stage cluster design
with fixed, Census-derived enumeration areas (EAs) and random selection
of households. Infection with Schistosomiasis was the main outcome of
interest and was positive in 1,097 participants of the 4,515 tested. After
adjustment with sampling probabilities for EA selection and selection of
households within each EA, the overall prevalence of Schistosomiasis in
Uganda was 22.1% (95% Cl: 18.7%, 25.6%). There was no statistical
difference in prevalence when comparing EAs that had received mass
drug administration with PZQ versus those that had not (31% vs

21%, respectively; p-value=0.14). In the adjusted analysis, the factors
significantly associated with prevalence of Schistosomiasis were age,
religion, region, and whether an individual self-reported openly defecating
in water bodies. Wealth and education were not statistically significant
factors indicating that the prevalence of Schistosomiasis is geographically
and demographically widespread beyond the known endemic areas. This
suggests that using a strategy to target certain communities for mass
drug administrations may be less effective in interrupting the transmission
of Schistosomiasis without water, sanitation and hygiene interventions
designed to reduce the contamination of water bodies with human urine
and feces.

IMPACT OF IMPROVED SANITATION AND HYGIENE ON
STUNTING IN RURAL ZAMBIA IMPROVED SANITATION AND
HYGIENE ON STUNTING IN RURAL ZAMBIA

Kojo Yeboah-Antwi, William Macleod, Godfrey Biemba,
Davidson Hamer

Center for Global Health and Development, Boston, MA, United States

In 2015, an estimated 8.4 million people in Zambia lacked access to
improved sanitation and 2.1 million practiced open defecation. Limited
access to improved sanitation and safe water, and inadequate hand
hygiene contribute to diarrhea and stunting among children under five in
Zambia. The Zambian government, with support from DFID, UNICEF and
other partners has been implementing the Zambia Sanitation and Hygiene
Program to address these public health challenges. A key component of
this program is the community led total sanitation (CLTS) initiative, which
aims to have an additional 3 million people consistently using improved
sanitation facilities and adopting hand washing with soap or ash. We
conducted baseline and end-line cross-sectional surveys in 2013 and

2016 respectively, to measure relevant impact and outcome indicators.
The use of improved not shared toilet facilities (defined as a facility that
hygienically separates human excreta from human contact) improved
from 36% (432/1204 households) to 51% (595/1170) and households
having a specific place for handwashing improved from 21% (254/1204)
to 33% (391/1170) between baseline and endline. While there was no
impact of the CLTS intervention on two-week prevalence of diarrhea,
there was a significant reduction in stunting (height-for-age Z score <-2
standard deviations) from 46% (309/670) to 41% (617/1507) (adjusted
prevalence ratio [aPR]1.18, 95%CI 1.06-1.31) and severe stunting (height-
for-age Z score <-3 standard deviations) from 32% (217/670) to 18%
(275/1507) (aPR1.86, 95%Cl 1.59-2.18) among under-five children.
Stunting and severe stunting were significantly lower in households with
improved not shared facilities and those with water/soap for handwashing
relative to those without these improvements (stunting: 34% [78/228]

vs. 41%, [539/1279]; aPR 0.75, 95%Cl 0.61-0.93 and severe stunting:
14% [31/228] vs. 19% [244/1279] aPR 0.65, 95%Cl 0.65-0.97). This
impact evaluation demonstrates the importance of improved hygiene
through development of facilities for handwashing coupled with improved
sanitation for improving linear growth of children in Zambia.

THE ASSOCIATION BETWEEN FECAL CONTAMINATION AND
ENVIRONMENTAL ANTIBIOTIC RESISTANCE IN RURAL BRAZIL

Patricia S. Bartley’, Vanessa T. Moretto?, Luciano K. Silva?, Soraia
M. Cordeiro?, Mitermayer G. Reis?, Ronald E. Blanton?, Lucio M.
Barbosa*

'Case Western Reserve University, Cleveland, OH, United States, ?Gongalo
Moniz Research Center, Oswaldo Cruz Foundation, Salvador, Brazil,
3Federal University of Bahia School of Pharmacy, Salvador, Brazil, “Bahiana
School of Medlicine and Public Health, Salvador, Brazil

Human and animal fecal contamination of soil and water is likely an
important factor for distribution of antibiotic resistance in rural areas with
inadequate sanitation. We sought to determine the relative contribution
of each of these sources to the prevalence of antimicrobial resistant
bacteria in the environment. In 2017, we studied a small rural community
in Bahia, Brazil (pop 617) where 40% of toilets flush to the local rivers.
We measured the resistance to ciprofloxacin (CipR) and beta-lactamases in
lactose fermenting (LF) Enterobacteriaceae (ESBL-E) from water collected
at 5 different sites along these rivers, the piped water system, as well

as 50 stools collected from a random sample of residents and 13 farm
animals. Water and stool were screened for CipR (growth on 10 pg/ml

of ciprofloxacin) and ESBL-E (growth on 2 pg/ml of cefotaxime). Sanitary
conditions were poor given the high coliform counts in river samples and
treated water. For humans and animals, the majority of CipR bacteria were
LF (78%), while ESBL-E were more evenly divided (54% LF). By contrast,
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in water samples, CipR was evenly distributed between LFs and non-LFs,
but 88% of the ESBL-E were lactose negative. The highest percentages
of individuals harboring resistant Enterobacteriaceae were found in pigs
(100% CipR, 75% ESBL-E) and humans (42% CipR, 38% ESBL-E). For
humans, carriage of resistance did not differ by age. Cows and horses
had carriage rates of 0% for CipR and 0-17% for ESBL-E. Unexpectedly,
this rural community has similar rates of antibiotic resistance found in
urban communities in other parts of the world. This suggests a significant
use of antibiotics in the rural population. The high carriage rate in pigs
was unexplained, but may be due to feeding habits in animals that root
in the soil as opposed to grazing, the clandestine use of antibiotics in
feed. Although this use is banned in Brazil, we did find feed containing
antibiotics available in the neighboring town. Given the poor level of
sanitation, pig and human fecal contamination are the likely sources
resistant bacteria in the surface waters that the local treatment plant
ineffectively removes.

IDENTIFYING ROBUST PROXY VARIABLES OF LATRINE USE:
EXAMINING ACCESS TO IMPROVED SANITATION AS A
PROXY

Velma Lopez, Philippa Clarke, Brady West, Joseph Eisenberg
University of Michigan, Ann Arbor, M, United States

Access to an improved sanitation facility is the standard proxy indicator
for latrine use in the WASH sector. While there is growing evidence that
latrine access does not ensure its use, there is little work that examines
this relationship, due in part, to the difficulty in measuring latrine use
behavior. The objective of this work is to create a proxy indicator for latrine
use and test the association between estimated latrine use and sanitation
facility. We use latent class analysis (LCA) with data from 253 individuals
living in rural coastal Ecuador to model latrine use as a latent variable.

The underlying probability of latrine use was predicted using 10 measured
variables of attitudes, norms, and perceptions surrounding latrines. The
LCA model did not show large uncertainty when predicting latrine use
(entropy = 5.29). Using WHO/UNICEF Joint-Monitoring Programme
definitions of household-level sanitation access, household access to

an improved sanitation facility, relative to an unimproved facility, was
regressed upon the latent variable of latrine use. The regression model
accounted for household-level clustering and adjusted for individual-level
educational attainment. Initial results show no association between access
to a non-shared improved sanitation facility and the probability of latrine
use (OR =1.1,95% Cl =0.60-2.1, p = 0.73) when accounting for one’s
educational level. Further disaggregating access of improved sanitation
between those that share and those that do not, this pattern holds: there
is no association between shared, but improved household access and
latrine use behavior (OR = 0.73, 95% Cl = 0.25-2.2, p = 0.57); and among
non-latrine sharers with improved sanitation facilities, the association
between improved sanitation access in the household and latrine use

is null (OR =0.90, 95% Cl = 0.33-2.4, p = 0.83). We show that latrine

use can be quantitatively estimated through a set of proxy variables.
Importantly, this analysis suggests that household-level access to sanitation
infrastructure may be a poor proxy for one’s behavior.

LONGITUDINAL IMPACT OF INTESTINAL PARASITES ON
MICROBIOME DIVERSITY AND METAGENOMIC CHANGES IN
CHILDREN FROM ECUADOR AND ARGENTINA

Rojelio Mejia', Rubén Cimino?, Ashish Damania’, Rebecca Jeun’,
Patricia E. Bryan', Paola Vargas®, Alejandro Krolwiecki?, Philip
Cooper4, Barton Slatko®

'Baylor College of Medicine, Houston, TX, United States, ?Universidad
Nacional de Salta Argentina, Salta, Argentina, *Universidad Nacional de
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Salta, Salta, Argentina, “Universidad Internacional De Ecuador, Quito,
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Approximately 30% of children worldwide are infected with
gastrointestinal (Gl) parasites. Depending on the species, parasites

can disrupt intestinal bacterial flora affecting nutritional status. We
implemented a multi-parallel quantitative real-time PCR (gPCR) and

whole genome sequencing analysis for bacterial microbiota and Ascaris
lumbricoides, Ancylostoma duodenale, Necator americanus, Strongyloides
stercoralis, Trichuris trichiura, Cryptosporidium, Entamoeba histolytica,
and Giardia lamblia. Stool samples were collected from 122 asymptomatic
children from rural Argentina and 85 children sampled at 3 and again at

5 years old from Ecuador. Separate analyses were done by country for
uninfected, Giardia only, Giardia/helminth co-infections, and helminth only
groups. For Giardia only infected children, longitudinal sequencing data
showed a decrease in bacterial biodiversity compared to those uninfected
that correlated with increasing Giardia burden (Shannon alpha diversity
(Giardia only 2.1; uninfected 2.7, p = 0.0317; Spearman r = -0.5491, p

= 0.0244)) within each age group but showed a significant increase in
diversity from paired 3 to 5-year-old children (p = 0.01838). In Giardia
only infections, microbiome taxonomy shifted to Prevotella copri, with
degree of shift related to intensity of infection compared to uninfected
(43.2 % versus 12%, p = 0.012). Abundance of Prevotella copri bacteria
was decreased in the helminths only group, but increased for Giardia/
helminth co-infections (12.5% versus 33.6%, p = 0.026). Metagenomic
analysis of the bacterial microbiota showed the proportion of vitamin B12
bacterial biosynthesis genes were diminished in the Giardia infected group
compared to the non-infected group (0.98% to 1.89%, of total genes, p
= 0.038) with a compensatory increase in helminth only infected children.
Our data provides possible evidence for an effect of parasitic infections

on the intestinal environment allowing permissive growth of anaerobic
bacteria such as Prevotella, decreasing in microbiota diversity and altering
capacity of vitamin B12 biosynthesis.

A NATURAL MOUSE MODEL FOR CRYPTOSPORIDIOSIS

Adam Sateriale’, Jan Slapeta?, Rodrigo Baptista’, Jessica
Kissinger', Carrie Brooks', Gillian Herbert', Ravi Pulusu’, Boris
Striepen’

'University of Georgia, Athens, GA, United States, University of Sydney,
Sydney, Australia

Cryptosporidiosis is a leading cause of diarrhea and an important
contributor to global infant mortality. There are no efficacious drugs or
vaccines available and our knowledge of Cryptosporidium biology to drive
their development is scant. Cryptosporidium research is greatly hindered
by the lack of a continuous tissue culture system and poor animal models.
To develop a more facile mouse model of Cryptosporidium infection,

we have isolated a strain of Cryptosporidium tyzzeri (C. parvum mouse
genotype I) from naturally infected Mus domesticus; strains which we now
maintain continuously in our animal facility. De novo assembly of the C.
tyzzeri genome shows 96% overall nucleotide identity to C. parvum and
hominis and a high degree of synteny. The highest burden of C. tyzzeri
infection is found in the distal ileum of the mouse small intestine, yet
there is also significant infection of the jejunum and duodenum, similar to
what is seen in human cryptosporidiosis. Perhaps of greatest importance,
C. tyzzeri produces significant infections in healthy C57/BL6 mice. These
infections produce high parasite burden but are self-limiting, and mice that
have cleared C. tyzzeri appear resistant to future infection. Using CRISPR
directed homology repair we have genetically engineered C. tyzzeri strains
to express reporter genes for in vivo imaging and localization. In summary,
we now have access to a natural mouse model that closely resembles

the human infection in which both host and parasite are genetically
tractable. We envision this model will lead to better understanding of
cryptosporidiosis susceptibility, resolution, and subsequent protection in
the context of a functioning immune system.



CAREGIVERS AS A POTENTIAL SOURCE OF
CRYPTOSPORIDIUM INFECTION IN KENYAN CHILDREN
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Wesley C. Van Voorhis', Benson O. Singa?, Judd L. Walson'

'University of Washington, Seattle, WA, United States, “University of
Virginia, Charlottesville, VA, United States, *Kenya Medical Research
Institute, Nairobi, Kenya

Cryptosporidium is a leading cause of diarrhea and linear growth faltering
among children in sub- Saharan Africa. We aimed to determine whether
caregivers are a potential source of Cryptosporidium infection. Between
January-December 2015, Kenyan children aged 6-71 months of age
presenting to two Nyanza province public hospitals with acute diarrhea,
and their primary caregivers, provided stool samples for real-time PCR
analysis. Univariate prevalence ratios (PR) estimating the association
between child and caregiver Cryptosporidium infections were estimated
using Poisson regression. Multivariable models adjusted for other potential
transmission sources (unprotected water source, water improvement
method, livestock ownership, and inadequate sanitation). To evaluate
whether caregiver-child transmission was unique to Cryptosporidium,

we also evaluated the association between child and caregiver Giardia
infection accounting for other transmission sources. Among 212 child-
caregiver pairs, 36% of children (median age: 25 months; interquartile
range [IQR]: 12-38) and 23% of adults (median age: 24 years; [IQR]:22-28)
had Cryptosporidium identified by PCR. Children with a Cryptosporidium-
infected caregiver had a 1.7-fold higher prevalence of Cryptosporidium
infection (95% confidence interval [Cl]: 1.2, 2.4; p=0.006). This
relationship persisted after adjustment for other transmission sources
(adjusted [a]PR: 1.7 [95%Cl: 1.2, 2.4; p=0.004]). Caregiver HIV-infection
(12% of caregivers) was associated with child Cryptosporidium infection
(PR: 1.7 [95%Cl: 1.1, 2.6]; p=0.009) but not adult Cryptosporidium
infection (PR: 1.0 [95%Cl: 0.5, 2.2]; p=0.9). Giardia was commonly
identified by PCR in children (54%) but less frequently in caregivers
(14%); children of caregivers with Giardia were not more likely to have
Giardia (aPR: 1.2 95%Cl: 0.9-1.6), p=0.3). There appears to be a unique
relationship between caregiver and child Cryptosporidium infection that is
unexplained by shared transmission sources. Cryptosporidium interventions
may need to target both children and caregivers to achieve maximal
benefit.

NEW COMPOUND SERIES WITH POTENT AND SELECTIVE
ACTIVITY AGAINST GIARDIA DUODENALIS

Tina S. Skinner-Adams’, Christopher Hart', Andrew Riches?, Jack
Ryan?, Katherine Andrews’

'Griffith University, Brisbane, Australia, ?Commonwealth Scientific and
Industrial Research Organization, Clayton, Australia

Giardia duodenalis infects a wide array of hosts and is the most frequently
reported human intestinal parasite. On an annual basis this parasite

is responsible for ~1 billion human infections of which >200 million
result in symptomatic disease. While infections are more prevalent

in the developing world, they are ubiquitous. In developed countries

the prevalence of giardiasis is ~7%. However rates are higher in sub-
populations where the burden is primarily borne by children (>60% in
Australian Aboriginal children). Giardia infection can result in severe and
chronic disease. There is also evidence that it is linked to post-infection
disorders including irritable bowel syndrome. However, treatment options
are inadequate. The frontline drug, metronidazole (MTZ2), is associated
with side-effects and drug resistance. It is also distasteful and must

be taken in multiple doses over 5-7 days, factors which result in poor
compliance, treatment failure, rapid re-infection and parasite resistance.
There is also increasing evidence that MTZ has a collateral effect on the
host microbiome. New drugs that are effective against Giardia parasites

at compliant doses while having limited activity against host cells are
needed. To improve giardiasis treatment options in the long-term we
have developed a high-content imaging assay to assess the activity of
compounds against trophozoites in vitro. This assay permits the direct
assessment of parasite growth and morphology at multiple time-points
and has been validated using control compounds. We have recently used
this assay to screen compounds from the Compounds Australia Open
Access Scaffold Library for anti-Giardia activity (2451 compound subset;
2/scaffold; Z-factor 0.75) and after rational selection based on activity,
novelty, and chemical liabilities have identified three compound series with
potent (IC50<1uM) and selective activity against G. duodenalis. These
compound series have been chosen as starting points of new anti-Giardia
drug development. Significantly, the most promising compound identified
is 290-fold more potent than MTZ and has Giardia vs human selectivity
index of >8000.

HOUSEHOLD TRANSMISSION OF CRYPTOSPORIDIOSIS IN
BANGLADESH

Poonum Korpe', Carol Gilchrist?, Shahnawaz Ahmed?, Emtiaz
Ahmed?, Cecelia Burkley*, Masud Alam?3, Mamun Kabir3, Tuhinur
Arju?, William A. Petri, Jr.2, Rashidul Haque?, A.S.G. Faruque?, Priya
Duggal

"Johns Hopkins University, Baltimore, MD, United States, ?University

of Virginia, Charlottesville, VA, United States, *International Centre for
Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh, “University
of Virginia, Charlottsville, VA, United States

Diarrheal illness a leading killer of children under five years old worldwide,
and Cryptosporidium spp. is a top contributor. Cryptosporidium spp. are
apicomplexan protozoa, spread by fecal-oral contamination, with a very
low infectious dose. As there is no vaccine and no approved drug for
Cryptosporidium spp. in young children, a focus on prevention of infection
is critical. We undertook a pilot case-control study to define the extent of
person-to-person transmission of cryptosporidiosis within families in an
urban (Mirpur) and rural (Mirzapur) community in Bangladesh. We enrolled
43 case families with a Cryptosporidium-infected child aged 6-18 months.
Controls were age-sex matched Cryptosporidium-negative children

(n=12). Once children were identified, we enrolled all household members
(defined as persons sleeping under the same roof or eating from the same
cooking pot). We then followed these individuals for 8 weeks, with weekly
surveillance stools and testing with qPCR for Cryptosporidium spp. In the
43 case families, the rate of secondary infections with Cryptosporidium
was 18.6% (22/118) compared to 0 new infections (0/35) in the 12
control families. In the 22 urban Mirpur households, the secondary attack
rate was 30% (18/60) in cases compared to 0% (0/14) in controls (chi-
square p = 0.018). In contrast, in the 21 rural Mirzapur households, the
secondary attack rate was 6.9% (4/58) in case households compared to
0% (0/21) in controls (chi-square p = 0.22). In Mirpur, in 8 of 22 case
families, multiple family members were infected at baseline, suggesting
concurrent infections in household members may be commonplace.
Person-to-person transmission is likely a major source of Cryptosporidium
infection, and more important than environmental reservoirs, for children
living in urban slums in Mirpur, Bangladesh. In rural households, there
was more attenuated person-to-person transmission. Interventions aimed
at interrupting anthroponotic spread of Cryptosporidium in children are
needed to control transmission of this deleterious parasite.
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SEASONAL VARIATION OF CRYPTOSPORIDIUM GENOTYPES
IN BANGLADESH

Cecelia G. Burkey’, Carol A. Gilchrist', Poonum S. Korpe?, Priya
Duggal?, Emtiaz Ahmed?, Mamun Kabir?, Rashidul Haque?, William
A. Petri’

"University of Virginia, Charlottesville, VA, United States, 2Johns Hopkins
University, Baltimore, MD, United States, 3International Centre for
Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh

Cryptosporidiosis is one of the top 5 causes of diarrhea in the first 2 years
in the life in low-income countries. Cryptosporidium hominis positive
stool samples have been collected from our on-going longitudinal study
of infants from an urban slum of Dhaka, Bangladesh. This study surveys
children in a well-defined population at monthly intervals with clinical
and laboratory characterization of all diarrheal episodes. Combining
molecular typing and clinical data will allow us to determine the
frequency of specific subtypes in times of high and low transmission.
DNA was extracted from all collected fecal samples and Cryptosporidium
positive samples identified using a qPCR assay that can detect a broad
range of Cryptosporidium species. Species specific assays were then

used to identify infections with the three species common at our study
site. Subgenotyping was performed using a polymorphic region within
the GP60 gene. The subtypes were determined and associated with
clinical symptoms and date of collection. In 86.6%. of the cases, species
subtyping was successful. Sixteen different subtypes were identified in the
Bangladesh cohort. The most abundant subtypes in our population were
C. hominis 1aA18 (16.3%), IbA9G3R2 (16.3%), leA11G3T3_V (15%),
1aA19 (13.2%), IdA15G1 (12.8%), and 1aA25 (6.6%). The remaining
19.8% of the population were subtypes IbA9G3R2_V, Bang_IfA13G1,
laA27, 1aA14, IIdA13G1, IIcCASG3R2, 1aA26, IfA16G1, 1aA22, leAT1G3T3.
Cryptosporidium infections markedly increase during the rainy season
(early June-late September of 2015 and 2016). While types la and Ib
occur year round, they are more prevalent during the rainy seasons. We
observed that type Id was only present during the first rainy season while
type le was exclusively present beginning in mid-April of 2016, becoming
abundant during the following rainy season. Cryptosporidium infection is
much more prevalent during the rainy season than the winter or summer
within our cohort. Longitudinal study of population genetics can help us
better understand the genetic diversity, transmission, and rate of infection
in the next rainy season.

DEVELOPMENT OF DRUG CANDIDATES FOR
CRYPTOSPORIDIOSIS TARGETING THE CRYPTOSPORIDIUM
METHIONYL-TRNA SYNTHETASE

Frederick S. Buckner', Ranae M. Ranade’, Matthew A.
Hulverson', Zhongsheng Zhang', Wenlin Huang', Sayaka Shibata’,
Ryan Choi', Rajiv S. Jumani?, Peter Miller?, Christophe L. Verlinde',
Wim G. Hol', Christopher D. Huston?, Robert K. Choy?, Eugenio L.
de Hostos?, Erkang Fan'

"University of Washington, Seattle, WA, United States, 2University of
Vermont, Burlington, VT, United States, >PATH, San Francisco, CA, United
States

Enteric infection by the protozoan parasite Cryptosporidium is the cause
of an estimated 7.6 million cases and 200,000 deaths annually among
children under two years old in low-resource settings. Chronic infections
contribute to malnutrition, growth stunting, cognitive impairment, and
oral vaccine failure. Current treatment options are extremely limited, with
only one US FDA-approved drug that has poor efficacy in malnourished
children. To address this issue we are developing inhibitors against a novel
drug target, the Cryptosporidium parvum methionyl-tRNA synthetase
(CpMetRS). This enzyme is essential for protein synthesis and differs
substantially from the human MetRS orthologues. From an in-house
library of MetRS inhibitors over 200 compounds were tested for activity

astmh.org

29

on the CpMetRS, and 55 compounds demonstrated IC50 values of <40
nM (the lower limit of detection in the enzyme assay). Nineteen of these
compounds had EC50 values against C. parvum cells in culture of <1
UM including three below 0.1 uM. Selected compounds were tested in
a murine model of Cryptosporidium parvum infection using NOD-SCID-
gamma mice with the best compound (#2093 dosed at 50 mg/kg orally
twice per day) demonstrating 98.6% reduction in stool oocysts measured
by PCR. The results were confirmed in the interferon gamma knockout
mouse model employing luciferase expressing parasites showing a 4-log
decrease in stool parasite load following treatment, and comparable

to the most potent available positive controls. The compounds do not
show toxicity in mammalian cells nor in mice at the doses tested. The
compounds represent promising drug candidates to target diarrheal
disease caused by Cryptosporidium parasites.

SCOPING REVIEW ON IDENTIFYING GLOBAL KNOWLEDGE
GAPS IN ACUTE FEBRILE ILLNESS SURVEILLANCE

Chulwoo Rhee’, Grishma Kharod', Nathan Furukawa?, Nicolas
Schaad', Neil M. Vora', John Crump?, David Blaney', Kevin Clarke’

"Centers for Disease Control and Prevention, Atlanta, GA, United States,
2Department of Medicine, University of Washington, Seattle, WA, United
States, >Division of Infectious Diseases and International Health, Duke
University Medical Center, Durham, NC, United States

Acute febrile illness (AFl), a common clinical syndrome among people
seeking medical care globally, represents a spectrum of infectious disease
etiologies with important variations geographically and by population.
Yet, there is no methodological standardization on AFI surveillance,
limiting interpretation of data in a global context. We conducted a
scoping review to characterize current AFl research methodologies,
identify global research gaps, and inform the future direction of AFI
surveillance standardization. We searched Medline, Embase, and Global
Health, for publications from 1 January 2005 - 30 April 2016; search
terms included “undifferentiated fever,” "acute febrile illness,” and “non-
specific fever” with proximity and Boolean operators. After identifying
and reviewing 948 abstracts, 779 (82.2%) studies were excluded as they
did not identify AFI etiology, or were modeling studies, clinical trials,

lab procedures or economic impact evaluation, single case reports, and
outbreak investigations. A full review conducted on the remaining 169
studies used a standardized tool to abstract AFI surveillance-related data.
There was variability in study objectives, terms describing febrile illness,
and case definitions. Studies originating in three countries made up 54
(31.9%) of the 169 articles. Of the 52 pathogens reported on in the 169
articles, 38 (73.1%) were investigated in fewer than 10 studies. Pathogens
represented most commonly across the 169 studies were: Dengue (66
studies, 39.1%), Leptospira spp. (46, 27.2%), and Plasmodium spp. (43,
25.4%). AFl studies focused on single pathogens made up 93 of 169
(55.0%). Knowledge gaps in causes of AFl and their regional distribution
limit quality of care and public health intervention effectiveness, especially
in resource-limited settings where clinical management and disease control
rely on knowing the proportional contribution of AFl etiologies. Wider
implementation of standardized AFI surveillance with multi-pathogen
disease detection is needed to improve knowledge of the range of
underlying etiologies and their relative contributions to the global AFI
burden.

MAPPING CHILDHOOD DIARRHEA IN AFRICA

Robert C. Reiner, Nick Graetz, Manny Garcia, Puja Rao, Jonathan
Mosser, Aniruddha Deshpande, Aaron Osgood-Zimmerman, Roy
Burstein, Chris Troeger, Simon Hay

University of Washington, Seattle, WA, United States

Across Africa, diarrheal diseases are the 3rd leading cause of mortality
and morbidity in children under the age of five. In this decade, there has
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been, in aggregate, a reduction in death and disability-adjusted life-years
(DALYs) associated with diarrheal diseases; however, these gains vary
substantially from country to country as well as within countries. In 2013,
UNICEF and the WHO set forth goals to reduce childhood mortality from
diarrhea to 1 per 1000 live births and reduce severe diarrhea in children by
75% compared to 2010 levels. Here, leveraging over 50,000 geo-located
household survey clusters, Bayesian geostatistical techniques, and the
existing machinery of the Global Burden of Disease, we produce high-
resolution spatio-temporal estimates of diarrheal prevalence, incidence,
and death. Half-way to their 2025 deadline, the goals identified by UNICEF
and the WHO in reducing childhood death and severe disease attributable
to diarrhea appear achievable (or even achieved) in many regions of Africa,
but difficult to achieve in other regions given progress so far. Targeted
interventions are necessary to focus resources on locations where gains
will be highest and as interventions reap diminishing returns, health
professionals must be flexible enough to adapt to face the remaining
challenges. Understanding at a scale where policy can act where these
challenges remain is but the first step in reducing preventable child deaths
from diarrhea.

ASSESSING THE NON-BIOLOGIC CONTRIBUTORS TO
MORTALITY AMONG INPATIENTS WITH FEBRILE ILLNESS IN
TANZANIA: A PROSPECTIVE COHORT SOCIAL BIOPSY STUDY

Michael Snavely’, Michael J. Maze?, Charles Muiruri, Lilian
Ngowi?, Flora Mboya?, Julia Beamesderfer?, Glory Makupa®,
Anthon Mwingwa?, Bingileki F. Lwezaula®, Blandina T. Mmbaga?,
Venance P. Maro®, John A. Crump?, Jan Ostermann’, Matthew P.
Rubachs

'Duke Global Health Institute, Duke University, Durham, NC, United States,
2Centre for International Health, University of Otago, Dunedin, New
Zealand, *Kilimanjaro Christian Medical Center, Moshi, United Republic

of Tanzania, “University of Pennsylvania, Philadelphia, PA, United States,
*Kilimanjaro Christian Medical University College, Moshi, United Republic
of Tanzania, ®Mawenzi Regional Referral Hospital, Moshi, United Republic
of Tanzania, Arnold School of Public Health, University of South Carolina,
Columbia, SC, United States, éDivision of Infectious Diseases, Duke
University Medical Center, Durham, NC, United States

Infectious diseases account for over half of annual deaths in Tanzania
despite the existence of effective biomedical treatments. To quantify the
impact of sociocultural and health systems factors on mortality from
infection, we adapted the social autopsy framework for a prospective
‘social biopsy’ cohort study. From June 2015 to June 2016, we enrolled
consecutive pediatric and adult febrile inpatients at two referral hospitals
in Moshi, Tanzania. We interviewed participants to determine the burden
of the ‘Three Delays’ in receiving health care: delays at home, in transport,
and at health facilities. We assessed six-week mortality and matched

fatal cases with non-fatal controls. We created two matched sets, one
matched on age and gender for analyzing home and transport delays

and one matched on age, gender, and severity of illness for health facility
delays. We used chi-squared and Student’s T tests to compare delays
between cases and controls. We enrolled and obtained follow-up for 475
children, of whom 18 (3.8%) died, and 260 adults, of whom 34 (13%)
died. The median age of participants was 2.9 (IQR 0.9-26.7) years and
326 (44%) participants were female. For home delays, there were no
significant differences in the pediatric cohort, but adult cases took longer
than controls to seek care outside the home (4.0 vs 2.9 days; p=0.038).
Twelve (35%) adult cases failed to recognize a severe symptom at home
compared to 20 (17%) of 121 controls (p=0.017). For health facility
delays, cases were more likely to visit >2 facilities during their illness, with
7 (39%) pediatric cases versus 30 (18%) of 139 controls (p=0.038) and
16 (47 %) adult cases versus 7 (15%) of 48 controls (p=0.001). Pediatric
and adult cases reported more time between first facility presentation and
study enrollment than controls (ped: 8.8 vs 3.5 days; p<0.001; adult: 10.0
vs 4.4 days; p=0.027). Sankey diagrams of care pathways show that cases
were less likely to reach tertiary care within their first two facility visits

(ped: p=0.038; adult: p=0.001). Our findings suggest that delays at home
and at health facilities are risk factors for mortality from febrile illness in
northern Tanzania.

POPULATION ACCESS TO ITN IS A BETTER INDICATOR OF
‘UNIVERSAL COVERAGE' THAN HOUSEHOLD OWNERSHIP OF
AT LEAST ONE ITN FOR TWO PEOPLE

Hannah Koenker’, Albert Kilian2

'Johns Hopkins University Center for Communication Programs, Baltimore,
MD, United States, ?Tropical Health LLR Montagut, Spain

The World Health Organization currently defines universal coverage as the
proportion of households that own at least 1 ITN for every 2 household
members. WHO also uses an indicator of population access to ITN to
describe coverage; both targets are set at 80%. Many countries have
implemented mass ITN campaigns expecting to reach 80% household
universal coverage, but surveys conducted shortly after high quality
campaigns show while population access to ITN can be relatively close

to target levels, household universal coverage is consistently well below
target. Eighty datasets from 37 countries in sub-Saharan Africa were

used to explore the causes of this low performance and discrepancy
between indicators. The proportion of households with at least 1 ITN for
2 people (enough ITNs) and population access to ITN were calculated.

The proportion of households with enough ITNs did not exceed 60% at
the national level, except in Uganda’s 2014 MIS. Population access to ITN
was systematically higher than household ownership of enough ITNs (coef
1.45; p<0.001; R2=0.84). Regional estimates for these two indicators were
calculated in three datasets in which fieldwork occurred shortly after mass
campaigns. In these 46 regions, the proportion of households with enough
ITNs ranged from 31%-48% in Mali, 26-81% in Tanzania, and 46-76%

in Uganda, while population ITN access ranged from 63-78%, 52-91%,
and 67-90%, respectively. Large households were found to drive low
rates of enough ITNs and controlling for the level of population access,
increasing mean household size was associated with a 3.0 percentage-
point reduction in proportion of households with enough ITNs for each
additional person (p<0.001; R2=0.94). At 80% population ITN access,
the proportion of households with 1 ITN for 2 people will be only 65%,
because individuals in households with some but not enough ITNs are
captured as having access, but the household doesn’t qualify as having 1
ITN for 2 people. Population access to ITNs, because it is based on people
as the unit of analysis, provides a better indication of ITN protection, and
should be considered as the better indicator of “universal coverage”.

SOCIAL BEHAVIOR CHANGE COMMUNICATION AND BEDNET
RETENTION, CARE, REPAIR, USE AND IMPACT IN BENIN

Andre Houtoukpe', Manzidatou Alao’, Liscovich Ademikpo’,
Hilary Adjalla’, Jean Adjidjan’, Taylor Osborne?, Martin Akogbeto?,
Filemon Tokponnon?, Steve C. Smith®, Michelle Kouletio?, Fortune
Dagnoné®, Luis Benavente’

'Medical Care Development Inc., Porto Novo, Benin, 2Medical Care
Development Inc. Peace Corps Volunteer, Porto Novo, Benin, *Center de
Recherche Entomologique de Cotonou, Cotonou, Benin, “Programme
National de Lutte contre le Paludisme, Cotonou, Benin, *Centers for
Disease Control and Prevention, Atlanta, GA, United States, °U.S.

Agency for International Development, Cotonou, Benin, ’Medical Care
Development Inc., Silver Spring, MD, United States

The use of durable, long-lasting insecticide treated nets (LLINSs) is key to
tackle malaria in Benin. In 2014, the President’s Malaria Initiative (PMI)
supported PADNET with an experimental random cluster study to increase
net durability in a 900 household (HH) sample in Seme Podji commune,
distributing one LLIN (PermaNet 3) per HH. The sample was split into 3
groups (arms) of 300 HH: arm1 received only Social Behavior Change
Communication (SBCC); arm2 received SBCC and a net repair kit; and
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arm3 was the control. SBCC consisted of monthly HH visits by Care Group
Leaders, and community dialogues through interpersonal communication
to promote continuous net use, reducing damage and repairing nets. For
monitoring purposes, all HHs were visited every four months over a 33
month period. Data was collected using android tablets through Open
Data Kit software. Databases were developed and analyzed using Excel
pivot tables and SPSS 17. Results show that for net loss due to physical
damage beyond repair as stated by net owners, the retention rate for
arm1 was 90%, 94% for arm2 and 75% for arm3 (p<0.0001). Net
washing more than once per trimester was more frequent in arm3 (60%)
than arm1 (37%) and arm2 (30%) (p<0.0001). The % of nets with a
proportional Hole Index (pHI) of O (no/few tiny holes) in arm3 was 20%
while arm1 had 64% and arm2 had 75% (p<0.0001). The % of nets with
a pHI>64 (not deemed a good barrier), was 38% in arm3, while arm1
had 4% and arm2 had 2%. The % of ever-damaged LLINs with signs

of repair in arm3 was 34%, while arm1 had 95%, and arm2 had 98%
p<0.0001. The proportion of children <5 that slept under any LLIN with
pHI=0 was 21% in arm3, 62% in arm1 and 55% in arm2. The proportion
of <5 sleeping under a net deemed as a good barrier (pHI<65) was 51%
in arm3, 88% in arm1 and 73% in arm2 (p<0.0001). The relative risk of
developing fever in the fortnight prior to the survey associated with the
lack of SBCC in arm3 was 1.9 (p<0.001), suggestive that SBCC cut fever
risk by half via improved net integrity and continuous net use. SBCC for
net use and preservation should be promoted in order to improve net
durability in the protection against malaria

EFFECTIVENESS AND SUSTAINABILITY OF A COLLABORATIVE
IMPROVEMENT METHOD TO INCREASE THE QUALITY OF
ROUTINE MALARIA SURVEILLANCE DATA IN KAYUNGA
DISTRICT, UGANDA

Nelli Westercamp', Sarah Staedke?, Eleanor Hutchinson?, Susan
Naiga®, Christine Nabirye?, Lilian Taaka?, Catherine Maiteki-
Sebuguzi®, Simon P. Kigozi?, John M. Okiring?, Grant Dorsey?,
Alexander K. Rowe'

'Centers for Disease Control and Prevention, Atlanta, GA, United States,
’London School of Hygiene & Tropical Medicine, London, United Kingdom,
3Infectious Diseases Research Collaboration, Kampala, Uganda, “University
of California San Francisco, San Francisco, CA, United States

Improving malaria surveillance data quality in Africa is a priority. We
evaluated the effect of collaborative improvement method (CIM), an
innovative quality improvement method, to increase malaria data quality
in 5 health facilities (HFs) in Kayunga District, Uganda. Intervention began
in November 2015 with in-service training, plan-do-study-act cycles to
test changes by HF CIM teams, learning sessions, and CIM coaching. To
assess data completeness and accuracy, we abstracted data from 156,707
entries in outpatient department (OPD) and lab registers and aggregate
monthly reports (MR) for 12 months pre-intervention, 10 months of
intervention, and 4 months of sustainability assessment. Monthly OPD
register completeness was measured as the proportion of malaria patient
entries with: 1) all data fields completed, and 2) clinically-relevant fields
completed. Accuracy was calculated as the relative difference between:

1) monthly malaria patients in OPD registers versus MR, and 2) proportion
of positive malaria tests in lab registers versus MR. Data were analyzed

as interrupted time series with segmented linear regression modeling.
Ethnographic observations and interviews with health workers were used
to describe the context and inner processes of CIM. Baseline completeness
for all data fields ranged from 0-19%, with an immediate increase by 71
%-points (95% Cl: 62-81%) post-intervention to 85%. Completeness of
clinically-relevant fields (17-34% at baseline) improved by 69 %-points
(95% Cl: 65-72%) immediately post-intervention to 98% and remained
high for the duration of follow-up. Relative differences ranged from
3-21% for reporting malaria patients and 9-57% for the proportion of
positive malaria tests at baseline, and only the latter improved with CIM
(relative change of 77 %-points; 95% Cl: 35-120%). All improvements
were sustained 4 months post-CIM. Qualitative findings indicated that
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healthcare hierarchy, financial incentives, and the relationship with the
CIM mentor were key determinants of success. If these positive results
are confirmed in larger studies, CIM may be a useful approach to improve
malaria surveillance.

ASSOCIATION BETWEEN INCREASING MALARIA CONTROL
INTERVENTIONS AND REDUCTIONS IN STUNTING CHILDREN
6-59 MONTHS OF AGE: A MULTI-COUNTRY DECOMPOSITION
ANALYSIS

Lia Florey, Cameron Taylor, Deborah Collison, Yodit Bekele, Jean
de Dieu Bizimana

ICF International, Rockville, MD, United States

Malaria prevention is one essential element of successful child health
programs in malaria endemic countries. Malaria impacts child health
through direct and indirect pathways. Directly, malaria infection in
pregnant women and in children can lead to severe anemia, premature
birth, low birth weight and ultimately to death. Indirectly, repeated or
continuous malaria infection can contribute to chronic inflammation
limiting childhood growth and causing impaired physical and cognitive
performance and a reduction in years of healthy life. To investigate the
contribution of increasing coverage of malaria control interventions on
stunting in children less than five years of age we analyzed data from

15 countries that had two or more demographic health surveys (DHS)
conducted between 2005 and 2016 with data on insecticide-treated

net (ITN) use and anthropometric measurements of children under five.
Multivariate Oaxaca-Blinder decomposition for nonlinear response models
with deviation contrast normalization for categorical variables were used
to estimate the proportion of the decline in stunting prevalence over time
due to increases in malaria control interventions. ITN use increased from
36% in baseline surveys to 46% in endline surveys and stunting decreased
from 38% to 35%. Although significant in bivariate models, in pooled,
multi-country logistic regression models controlling for socioeconomic and
child and maternal health variables and malaria transmission risk, odds

of stunting were not significantly lower for children who used an ITN the
night before interview compared to those who did not. Decomposition
models reveal that the increase in ITN use between baseline and endline
surveys accounted for an insignificant proportion of the decrease in
stunting. Changes in vitamin A coverage explained the greatest proportion
of the total change in stunting between baseline and endline as compared
to other covariates. Results suggest that the scale-up of ITN use are
unlikely to have had a measurable impact on stunting.

A MAIJOR LOCUS ON CHR. 1 DETERMINES CERCARIAL
SHEDDING TIME IN OMANI SCHISTOSOMES

Gabriel Mouahid', Frédéric Chevalier?, Juliette Langand’,
Mohamed A. Idris?, Salem Al Yafae*, Marina McDew-White?, Vinay
Menon?, Tim Anderson?, Hélene Moné'

"Université de Perpignan Via Domitia, Perpignan, fFrance, Texas Biomedical
Research Institute, San Antonio, TX, United States, >Sultan Qaboos
University, Muscat, Oman, “Sultan Qaboos Hospital, Salalah, Oman

The timing of cercarial shedding from schistosome infected snails is critical
for successful transmission. Most Schistosoma mansoni populations

that infect humans shed cercariae larvae in late morning, while parasite
populations that primarily infect rats shed cercariae in late afternoon or
night. As reported previously, dramatic variation in shedding time in Oman,
with parasites collected from rats shedding cercariae nocturnally (~8pm)
while parasites from humans shed cercariae during the day (11am).

This project was designed to understand the genetic basis for nocturnal
shedding. We conducted reciprocal genetic crosses between nocturnal and
diurnally shedding Omani schistosomes, determined cercarial shedding
profiles in parents, individual F1 and F2 (n= 65 in each cross) progeny.

We then sequenced exomes of parasites from each cross, revealing 5295
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and 6657 SNPs that were fixed for alternative alleles in the two crosses
and therefore fully informative. We used linkage mapping approaches to
determine the genome regions underlying this trait. We found a strong
quantitative trait locus on chr. 1 (LOD = 6.1) and a secondary peak on
chr. 6. The chr. 1 peak contains a compelling candidate locus (Hes-1) that
encodes a transcription repressor known to influence cell proliferation,
embryogenesis and developmental timing in Drosophila. In future work,
we will exploit the growing functional genetics toolbox for schistosomes
to determine the /oci underlying this trait and the mechanisms underlying
timing of cercarial release. Our central goal is to understand, at the
molecular level, a key parasite trait critical for transmission and host
specificity.

COMPARISON OF THREE METHODS TO EVALUATE THE
BURDEN OF INFECTION BY FASCIOLA HEPATICA IN SHEEP
FROM AN ENDEMIC AREA

Karina Bardales’, Luis A. Gomez-Puerta', Raul Enriquez', Cesar
Sedano’, Edinson Montoya?, Saul Santivanez?, Armando E.
Gonzalez’

'Facultad de Medicina Veterinaria, Universidad Nacional Mayor de San
Marcos, Lima, Peru, ?Instituto De Ciencias Neurologicas, Lima, Peru,
*Center for Global Health, Universidad Peruana Cayetano Heredla, Lima,
Peru

Fascioliasis caused by Fasciola hepatica mainly affects liver of ruminants
from endemic areas. Diagnosis of this disease is based on the eggs
detection by coproparasitological evaluation; however, its performance is
influenced by the burden of infection and the stage of the parasite. On
the other hand, imagenological techniques have been used to evaluate
the damage produced by the parasite and could be used as a proxy to
determine the burden of disease. We compared results obtained by
coproparasitological and imagenological evaluation using ultrasound and
computed tomography (CT) scan of 50 sheep from an endemic area. The
preliminary results from 10 sheep were presented in the current abstract,
and the complete results including all sheep will be presented at the
meeting. Coproparasitological evaluation was done by direct observation
of fecal sample after sedimentation; ultrasound evaluation was performed
using convex probe; and computed tomography (CT) evaluation was
performed using a spiral CT scan; animals were anesthetized for CT
procedure. A positive result for imagenological evaluation was the
presence of a parenchymal calcification; and agreement between
evaluations was determined by Kappa test. Coproparasitological evaluation
was positive in 90% (9/10) sheep; 5 of them had a low burden infection
(100 - 167 eggs per gram). Ultrasound evaluation found calcification in
60% (6/10) of sheep; whereas CT scan revealed calcification in 90% (9/10)
sheep. In terms of burden of infection, sheep with low burden infection
showed a higher number of calcification (more than 20 calcifications).

Fair agreement (K=0,286) was found between coproparasitological

and ultrasound evaluation, as well as between ultrasound and CT
evaluation (K=0,286); and poor agreement was observed between
coproparasitological and CT evaluation (K=0,111). Despite that we
expected a good correlation between burden and number of calcifications,
this was not observed in this preliminary evaluation. Results obtained
support the high correlation between presence of at least one calcification
and a positive result in coproparasitological evaluation.

MONITORING AND MEASURING SCHISTOSOMIASIS AT
TRANSMISSION SITES IN KENYA: SENTINEL MICE COUPLED
WITH GENOTYPING OF RECOVERED ADULT WORMS

Sarah K. Buddenborg', Martin W. Mutuku?, Ibrahim N.
Mwangi?, Gerald M. Mkoji?, Eric S. Loker!

"University of New Mexico, Albuquerque, NM, United States, ?Kenya
Medical Research Institute, Nairobi, Kenya

We lack quantifiable and spatially and temporally explicit estimates of

the force of schistosome transmission from snails to their definitive hosts
in natural transmission foci in Kenya. To address this problem, we have
devised floating cages to expose sentinel mice and collect individual

adult worms via perfusion for genotyping. With this approach, we can
determine if some localities are more potent transmission foci than others,
infer rates of acquisition of adult worms including at different times of the
day or year, and learn if mice become infected with worms representing
relatively few genotypes or if extensive mixing of genotypes occur. We
can also learn how long some snails may persist in shedding cercariae in
natural habitats. A preliminary study involving habitats along the shore

of Lake Victoria and along Asao stream in west Kenya revealed that mice
placed in the water between 10am-2pm were considerably more likely to
become infected, coinciding with snail peak shedding times. Genotype
clones were found across time points, suggesting that cercariae shed from
one snail were in the water for up to 8 hours. Subsequent experiments
were done along the course of Asao stream in a 7-week-long fine time
scale and a year-long course time scale. In all experiments, a male-biased
sex ratio was observed. The total number of worms acquired per mouse
varied considerably among sites with transmission proving to be focal, but
was as high as 1 worm per minute at Asao stream. Approximately 60% of
mice had bisexual infections (at least one male and one female). A similar
number of unique genotypes were seen at Asao stream and Lake Victoria
but the average number of genotypes per mouse was almost 2-fold
higher at the lake. At Asao stream, microhomogeneities were observed
with identical genotypes found between sites. In total, we genotyped
nearly 1,500 adult S. mansoni worms from sentinel mice experiments at
Lake Victoria and Asao stream. This approach provides new insight into
transmission dynamics that can be used to provide rate parameters in
developing transmission models and guiding treatment programs.

WHY DOES OXAMNIQUINE KILL SCHISTOSOMA MANSONI
BUT NOT S. HAEMATOBIUM OR S. JAPONICUM?

Anastasia Rugel', Alexander B. Taylor, Xiaohang Cao', Peter J.
Hart', Stanton F. McHardy?, Reid Tarpley?, Frederic Chevalier?,
Timothy J. Anderson?, Philip T. LoVerde'

"University of Texas Health Science Center, San Antonio, TX, United States,
2University of Texas at San Antonio, San Antonio, TX, United States, *Texas
Biomedical Research Institute, San Antonio, TX, United States

The major species of Schistosoma affecting humans are S. mansoni, S.
haematobium, and S. japonicum. There is currently only one method

of treatment (monotherapy), the drug Praziquantel. Constant selection
pressure through mass chemotherapy - this year will see the administration
of over 250 million doses - has yielded evidence of resistance to PZQ.
Previous treatment of S. mansoni included the use of oxamniquine (OXA),
a prodrug that is enzymatically activated in S. mansoni but is ineffective
against S. haematobium and S. japonicum. The OXA activating enzyme
was identified by our laboratories as being a sulfotransferase (SmSULT).
One focus of this research is to understand why OXA does not kill S.
haematobium or S. japonicum and with this information reengineer OXA
to be effective against S. haematobium and S. japonicum. An alignment
of the sulfotransferases (SULT) shows that SmSULT, ShSULT and SjSULT
share considerable sequence identity (71% Sm/Sh; 58% Sm/Sj, and 58%
Sh/Sj) and predicted structural similarity. We sought to understand how
differences in the amino-acid composition of Sm-, Sh-, and SjSULTs gave
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rise to species-specific drug action. Using site-directed mutagenesis, we
demonstrated that SmSULT modified to look like ShSULT and vice versa
each could activate OXA in an in vitro assay ie the SULTs were functional.
We next evaluated the transcriptional differences between the SULTs by
gPCR and Digital PCR. SmSULT transcription was 100X ShSULT and 1000X
SjSULT. The differences in transcription account in part for the inability of
OXA to be cidal in Sh and Sj. Next we employed an iterative process which
lead to the identification an OXA derivative (CIDD790) that is effective
against S. mansoni (100% killing), S. haematobium (80% killing) and S.
Japonicum (80% killing). These results demonstrate that understanding the
mechanism of action of a drug and its structure function relationship can
lead to novel drugs.

IMPACT OF DIFFERENT TREATMENT STRATEGIES OVER FIVE
YEARS FOR SCHISTOSOMIASIS IN MOZAMBIQUE

Anna E. Phillips’, Pedro Gazzinelli-Guinmaraes?, Oswaldo
Aurelio?, Josefo Ferro*, Rassul Nala®, Neerav Dhanani’, Alan
Fenwick’
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Schistosomiasis is highly endemic across Mozambique (overall prevalence
of 47%), in particular the northern provinces. The recommended
treatment strategy for schistosomiasis is preventive chemotherapy (PCT)
with praziquantel, where frequency depends on the prevalence of
infection among school-aged children. As recommended by the WHO,

the treatment strategy usually implemented is school-based (SBT),
however, in highly endemic areas community-wide treatment (CWT) may
be necessary. Studies have found CWT in addition to SBT very effective,

as often not all the children in a village attend school and CWT can help
to reach them. The aim of SCORE is to provide an evidence base across
several countries for programmatic decisions on how best to gain and
sustain control of schistosomiasis. In Mozambique specifically, the goal
was to understand the impact of alternative treatment strategies in a study
area with prevalence of >21% urogenital schistosomiasis (Schistosoma
haematobium) infection by hemastix. This was a cluster-randomised trial
that compared a total of 150 schools in Cabo Delgado province. Each
village was randomised to one of six possible combinations of CWT,

SBT or drug holidays over four years. In each village two urine filtrations
were carried out on 100 children aged 9-12 years, 100 first year students
(5-8 years) and 50 adults (20-55 years) at baseline (2011) and the final
year (2016). In total, data was collected from 81,167 individuals. Results
showed S. haematobium was highly endemic throughout all schools,
where many schools had 90% baseline prevalence. Praziquantel treatment
resulted in a significant reduction in the prevalence of S. haematobium
infection as well as the proportion of heavy infections over five years.

Both gender and age had a significant effect, with higher prevalence and
proportion of those heavily infected seen in males and among adolescents
(9-12 years). There was no significant variation S. haematobium prevalence
between the most intense treatment (CWT each year) and the least
intense (SBT every two years). These results have a significant logistical and
cost implications for a national control program.
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CONTROLLED HUMAN INFECTION WITH SINGLE-SEX
SCHISTOSOMA MANSONI CERCARIAE

Marijke Langenberg, Jacqueline Janse, Marie-Astrid Hoogerwerf,
Janneke Kos-van Oosterhoud, Arifa Ozir-Fazalakhan, Ron Hokke,
Angela van Diepen, Eric Brienen, Lisette van Lieshout, Hermelijn

Smits, Martha van der Beek, Pauline Meij, Richard Verbeek, Leo

Visser, Maria Yazdanbakhsh, Meta Roestenberg

Leiden University Medical Center, Leiden, Netherlands

Controlled human infections (CHI) provide a core platform to accelerate
the development of novel drugs and vaccines for infectious diseases

and reduces the risk of failure in downstream clinical development.

For schistosomiasis, no such model exists. To develop a CHI model for
schistosomiasis we have taken the important conceptual step to produce
single-sex Schistosoma mansoni cercariae according to regulatory
requirements for human use. Single-sex worms cannot deposit eggs and
consequently pathology is avoided when infecting healthy volunteers.

We developed a multiplex real-time PCR to determine cercaria gender. In
addition, we characterized the bioburden associated with a dose of male
cercariae and produced the cercariae under highly controlled conditions.
We now report the first data of a dose-escalating clinical trial to assess the
safety, tolerability and infectivity male Schistosoma mansoni cercariae in a
controlled human infection model. We exposed groups of three volunteers
each to 10 and 30 male Schistosoma mansoni cercariae and present the
safety data of these groups. Infection with 10 cercariae was well tolerated
with mild adverse events mainly related to the skin penetration of the
parasites. No serious adverse events occurred. Serum circulating anodic
antigen (CAA) levels were measured in weekly samples and peaked at 6-8
weeks following infection. Peak CAA levels were close to the detection
limit of the CAA lateral flow assay. All volunteers were treated with 40mg/
kg praziquantel and CAA levels were followed over time. A second group
was infected with 30 cercariae. Results from this group are still pending. In
conclusion, we have established a male Schistosoma mansoni controlled
human infection model. Initial results show that this model is safe and
leads to detectable CAA levels in serum which can be followed over time.
Future studies will focus on establishing a female controlled infection
model as well as performing reinfection studies.

GENOME SCALE APPROACHES TO UNDERSTANDING
THE PERSISTENCE OF SCHISTOSOMIASIS IN RESIDUAL
TRANSMISSION HOTSPOTS

Elizabeth Carlton’, Jonathan Shortt?, Will Eaton', Yang Liu?, Bo
Zhong?, Todd Castoe?, David Pollock?
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United States, Sichuan Center for Disease Control and Prevention,
Chengdu, China, “University of Texas Arlington, Arlington, TX, United
States

In China, public health officials are attempting to interrupt transmission
of schistosomiasis. However, schistosomiasis has reemerged and persisted
in some areas despite aggressive control efforts, for reasons that are not
well understood. We are using a two pronged approach that incorporates
field-based epidemiological surveys and next-generation sequencing to
understand why schistosomiasis persists in residual transmission hotspots,
and how control programs might be modified to attain permanent
disease reductions. We followed two counties from 2007 through 2016
in Sichuan, China where schistosomiasis previously reemerged in order

to evaluate infection patterns following reemergence. Residents in study
villages were tested for Schistosoma japonicum infection, S. japonicum
miracidia were archived, and demographic and geospatial data were
collected. Approximately 100 miracidia were whole-genome amplified and
sequenced using double digest restriction site associated DNA sequencing
(ddRADseq), an affordable next generation sequencing method that
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reliably samples 10,000-30,000 /oci. Using these data, we estimated
schistosome relatedness within and between hosts, and evaluated parasite
population structure over space and time. We found schistosomiasis
infection prevalence exceeded 10% in several villages despite ongoing
disease control programs (12/36 villages in 2007, 10/36 in 2010 and 3/10
in 2016). There was strong evidence for population structure by village.
We identified probable schistosome siblings within the same host at
different timepoints, suggesting some individuals may harbor the same
adult worms over time despite referral for treatment. It is unclear whether
these retained infections are due to non-compliance with treatment,
sub-optimal dosing, or drug resistance. Collectively, our findings suggest
a role for local sources in sustaining local transmission hotspots and

raise questions about the efficacy of treatment. More generally, our
findings demonstrate the potential to integrate field-based studies of
schistosomiasis and high-resolution genomic methods to advance disease
control efforts.

POST-DENGUE ACUTE DISSEMINATED ENCEPHALOMYELITIS:
A NEW CASE REPORT, SYSTEMATIC REVIEW, AND META-
ANALYSIS

Mohamed Gomaa Kamel', Nguyen Tran Nam?, Nguyen Huu
Bao Han®, Abd-Elaziz El-Shabouny*, Abd-EIRahman Mohamed
Makrams, Tran Ngoc Dang¢, Fatma Abd-Elshahed Abd-Elhay",
Nguyen Le Trung Hieu’, Kenji Hirayamas?, Vu Thi Que Huong®, Trinh
Huu Tung?, Nguyen Tien Huy™
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Immunogenetics, Institute of Tropical Medicine (NEKKEN), Leading
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Leading Graduate School Program, and Graduate School of Biomedical
Sciences, Nagasaki University, Nagasaki, Japan

Dengue fever (DF) is a debilitating flavivirus disease which can spread by
Aedes aegypti mosquitoes. Acute disseminated encephalomyelitis (ADEM)
in dengue is very rare and it may occur during the dengue infection acute
phase or post-infectious phase. The aim of this study was to systematically
review and meta-analyze ADEM and to represent a new case. We retrieved
the articles from nine databases. We used Fisher’s exact and Mann-
Whitney U tests. Classification and regression tree (CART) was used to
find the predictors of the DF outcomes. A 13 years old girl was admitted
to the hospital due to fever. The examinations found no focal neurologic
deficits. She lost the urination sensation and have urinary retention.

The neurological examinations revealed that she became lethargic and
quadriplegic. She had upper limbs weakness and lower limbs complete
paraplegia. Her alertness gradually promoted. Although urinary retention
remained, her muscle strength of upper and lower extremities increased.
Her limbs weakness was significantly improved after two weeks of oral
prednisolone then sphincter function was back to normal. She was nearly
intact with the proximal part of her legs had a mild weakness in discharge.
Our meta-analysis revealed that the prevalence of ADEM among DF
patients, of all neurological disorders among dengue and of ADEM among
neurological disorders were 0.3% [0.1 - 0.9%], 2.6% [1.8 - 3.8%], and
6.8% [3.4 - 13%], respectively. The most frequent manifestation of
ADEM was altered sensorium/consciousness (58%).There was a significant
difference between cases having bad outcomes, including partial recovery
or death, or complete recovery in the neurological manifestations onset,
being earlier, and in temperature, being higher, in cases having bad

outcomes (P-value < 0.05). This was confirmed by CART which included
these two variables. Our findings suggest that the prevalence of ADEM

among DF and other DF-related neurological disorders are not too rare.

The high fever of ADEM cases at admission and the earlier neurological

manifestations onset are associated with the DF bad outcomes.

SECONDARY HETEROTYPIC DENV INFECTION OF DIFFERENT
DENV GENOTYPES IN MARMOSETS

Nor Azila Muhammad Azami', Meng Ling Moi?, Yasushi
Ami3, Yuriko Suzaki®, Masayuki Saijo?*, Tomohiko Takasakis, Ichiro
Kurane®

'Graduate School of Comprehensive Human Sciences, University of
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Marmoset, a new world monkey, has been proved useful as an animal
model for primary and secondary dengue virus infection. However, there
have been limited data on heterologous infection of different DENV
genotypes. In this study, 9 marmosets that had been previously inoculated
with DENV-2 were used. During the secondary DENV-1 infection
experiment, 4 marmosets were inoculated with clinical isolates of DENV-

1 genotype | and 5 marmosets were inoculated with DENV-1 genotype

IV. We found that all the marmosets developed viremia by day 2 post-
inoculation and peak viremia was observed at day 4 post-inoculation. The
mean viremia duration is 5.3 days (Gl= 5 days and GIV= 5.6 days). There
were no differences in the viremia levels between the 2 genotypes groups.
The marmosets inoculated with G1 and GIV also exhibited high levels of
neutralizing antibody in secondary infection. Three marmosets exhibited
mild hemorrhagic manifestation in the form of petechiae on day 4, day
10, and day 14 post-inoculation. The antibody response in marmosets also
similar as the antibody response during DENV infection in humans. We
confirmed that the marmoset model is a suitable animal model to study
dengue virus infection.

TRANSIENT MONOCYTOSIS SUBJUGATES LOW PLATELET
COUNT IN ADULT DENGUE PATIENTS

Jih-Jin Tsai', Jung-San Chang', Ko Chang', Po-Chih Chen’, Li-Teh
Liuz, Tzu-Chuan Ho?, Sia Seng Tan3, Yu-Wen Chien?, Yu-Chih Lo?,
Guey Chuen Perng®
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Dengue is one of the most important vector-borne human viral diseases
globally. The kinetic changes of hematological parameters of dengue in
adult Taiwanese patients have seldomly been systematically investigated
and characterized. Serial laboratory data of 1,015 adult patients who
were diagnosed with dengue virus serotype 2 (DENV2) and 3 DENV3)
infections in southern Taiwan were retrospectively examined. Prominent
parameters were verified with specimens from a 2015 dengue outbreak.
Higher absolute monocyte counts on day 5 in severe patients than mild
fever subjects after the onset of fever was seen. The absolute number of
monocytes was significantly greater in those with DENV2 than DENV3
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infections in spite of subtle differences in laboratory tests. Platelet counts
were lowest and activated partial thromboplastin time was highest on
day 5 in patients with severe conditions. In addition, sudden downward
platelet counts corresponding to a transient surge of monocytes on day
4 onward was observed. Fluorescence-activated cell sorting analysis of
peripheral blood mononuclear cells obtained from acute dengue patients
and experimental investigations revealed that phagocytic effects of innate
immune cells contribute to thrombocytopenia in dengue patients. Innate
phagocytic cells play an essential role in low platelet counts in adult
patients with dengue virus infections.

HOUSEHOLD COSTS OF HOSPITALIZED DENGUE ILLNESS IN
SEMI-RURAL THAILAND

Yesim Tozan', Pitcha Ratanawong?, Annelies Wilder-Smith?,
Pattamaporn Kittayapong*

'New York University College of Global Public Health, New York, NY,
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Dengue-related illness is a leading cause of hospitalization and death in
Thailand and other Southeast Asian countries, imposing a major economic
burden on households, health systems and governments. This study aims
to assess the economic impact of hospitalized dengue cases on households
in Chachoengsao province in eastern Thailand. We conducted a
prospective cost-of-illness study of hospitalized pediatric and adult dengue
patients at four public hospitals. We examined all hospitalized dengue
cases regardless of disease severity. Patients or their legal guardians were
interviewed using a standard questionnaire to determine household-level
expenditures for medical and non-medical costs and income losses during
the iliness episode. Between March and September 2015, we recruited

a total of 224 hospitalized patients (<5 yrs, 4%; 5-14 yrs, 20%, 15-24

yrs, 36%, 25-34 yrs, 15%; 35-44 yrs, 10%; 45+ yrs, 12%), who were
clinically diagnosed with dengue. The total cost of a hospitalized case

was higher for adult patients than pediatric patients and was US$153.6
and US$166.3 for pediatric DF and DHF patients and US$171.2 and
US$226.1 for adult DF and DHF patients, respectively. The financial burden
on households increased with the severity of dengue illness. Although
74% of the households reported that the patient received free medical
care, hospitalized dengue illness cost approximately 20-25% of the
monthly household income. These results indicated that dengue imposed
a substantial financial burden on households in Thailand where a great
majority of the population was covered by the Universal Coverage Scheme
for health care.

PHENOTYPES OF STEM AND PROGENITOR CELLS
ACCOUNTING FOR THE ACUTE AND PERSISTENT INFECTION
OF DENGUE VIRUS

Amrita Vats
National Cheng Kung University, Tainan, Taiwan

Dengue is an arthropod-borne viral disease of global importance, other
routes of transmission are recipients of donor organs or tissues, blood and
vertical transmission. Mostly dengue infected patients are asymptomatic
with overt clinical presentation. The disease manifest markedly
hypocellular marrow and abnormal early megakaryopoesis. New findings
demonstrates that stem and progenitor cells are highly permissive to
dengue infection,but their actual identity unknown. Therefore we address
to investigate the phenotypes of dengue infected stem and progenitor
cells and their sustainability of infection. We have proposed an ex vivo
method that human cord blood supported dengue infection, though a
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variation in individual donor was observed. After infecting 1*10/6 cells
with TMOI (Multiplicity of infection) three distinct stages, productive, silent
and reactivation, in dengue infected Stem Progenitor Cells was observed.
In addition, hematopoietic stem cells and early megakaryocyte progenitor
cells were the most permissive to support DENV infection. Multi-color
flow cytometry analysis revealed that the phenotypes of cells infected by
dengue for acute stages were CD133+CD34-CD45-CD41-CD61+CD14-
population, while CD133+CD34+CD45+ CD41+CD61+CD14-CD11c-
were for latent. Infectious virus was recovered from the sorted latent cells
by co-culturing with indicator vero cells, suggesting dengue established

as latent in these cells. We also observed a transition shift of cells from
acute to latent rising to early Megakaryocyte Progenitor populations.
Characterization through fluorescent microscopy of infected stem cells like
CD61 and CD34 expression with NS-1 showed increasing trend gradually
by Day 30, indicating that dengue might equip a machinery to manipulate
the differentiation of Hematopoietic stem cell for the transition.Therefore
it is imperative to determine how CD34+ cells is lost during early
differentiation in dengue infected cord blood cells. The significance of

our study may lead to further understand the complexity of dengue and
its interaction with Hematopoietic stem cells, providing an avenue for
developing new therapy.

SEASONALITY OF ARBOVIRAL ILLNESS IN RURAL ECUADOR:
2009-2016
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Desarollo Andino, Pedro Vicente Maldonado, Ecuador

Season is a major determinant of infectious disease rates, including
mosquito-borne arboviruses, such as dengue, chikungunya, and Zika.
Seasonal patterns of disease are driven by a combination of climate
factors, such as temperature or rainfall, and human behavioral time trends,
such as school year schedules, holidays, and weekday-weekend patterns.
These factors affect both disease rates and healthcare-seeking behavior.
Seasonality of mosquito-borne illnesses has been studied in the context of
climate, but temporal trends are less well-understood. With 2009—2016
medical record data from patients diagnosed with arboviral illness at two
hospitals in rural Ecuador, we used Poisson generalized linear modeling

to determine short- and long-term seasonal patterns of mosquito-borne
disease, and the effect of climate factors. The most important predictors
of illness were annual fluctuations in disease, long-term trends, day of the
week, and climate variables. Compared to Tuesday, weekends were the
least likely days for arboviral illness to be diagnosed, with 34% (p=0.007)
and 40% (p=0.001) less cases reported on Saturday and Sunday,
respectively. Seasonal trends showed a single peak during April, with
long-term trends showing an overall decrease in diagnoses and suggested
inter-epidemic periods every two or three years. Important climate
variables included total monthly precipitation (p=0.002), Oceanic Nifio
Index (p=0.039), interactions between total precipitation and monthly
absolute minimum temperature (p=0.002), total precipitation and monthly
number of days with precipitation (p=0.019), and three-way interaction
between minimum temperature, total precipitation, and precipitation days
(p=0.014). Seasonality assessments revealed 10- to 30-day lags between
peaks in climate variables and disease. This is the first report of arboviral
disease seasonality in Ecuador, one of few reports from rural patients, and
one of very few studies utilizing daily disease reports. These results can
inform local disease prevention efforts, public health planning, and global
or regional models of arboviral disease trends.



FIRST REPORT OF COMPLETE GENOME ANALYSIS OF
NEUROTROPIC DENGUE VIRUS SEROTYPE 3 ISOLATED FROM
THE CEREBROSPINAL FLUID OF AN ENCEPHALITIS PATIENT
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Neurological manifestations associated with dengue viruses (DENV)
infection have been reported. However, there is a very limited information
on the genetic characteristics of neurotropic DENV. Here we described

the isolation and complete genome analysis of DENV serotype 3 (DENV-

3) from cerebrospinal fluid (CSF) of an encephalitis pediatric patient in
Jakarta, Indonesia. The 10-year old boy was diagnosed with dengue
encephalitis based on the clinical symptoms and detection of DENV in CSF,
anti-DENV IgM in serum, hemoconcentration, and thrombocytopenia.
Vero cells inoculated with the CSF sample showed cytopathic effects at
day 5 after inoculation and next-generation sequencing was employed

to deduce the complete sequence of this neurotropic DENV-3 isolate
(201610225). Compared with DENV-3 prototype strain and all other
reference strains from GenBank (n=787), 46 amino acid changes were
found within the genome of 201610225, in which two novel amino acid
changes, R3259K and F3369Y, located in the NS5 protein coding sequence
were not observed in any other complete DENV-3 genome. Additionally,
while the remaining 44 amino acid changes were also observed in other
DENV-3 strains in our complete genome data set, nine amino acid changes
were only found in relatively few other DENV-3 strains (less than 1%
occurrence). A phylogenetic tree and molecular clock analysis revealed that
the neurotropic virus was a member of the endemic Sumatran-Javan clade
of DENV-3 genotype | which includes strains from Sumatra, Jawa, and
Sulawesi islands in Indonesia as well as strains from Timor Leste (formerly
East Timor). To our knowledge, this is the first report of neurotropic
DENV-3 complete genome analysis. Genetic characterization of additional
neurotropic DENVs will allow further insights into the role of unique amino
acid changes found in isolate 201610225. In addition, further studies are
warranted to study the virulence of this isolate in animal models and its
tropism for neural cells in vitro.

HUMAN MONOCLONAL ANTIBODIES AGAINST DENGUE
VIRUSES: REVEALS FROM A NOVEL ASSAY
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Dengue is the most important arboviral illness in humans. It is estimated
that 390 million infections occur on a yearly basis around the globe.
Among them, about 96 million people develop symptoms, and there
are approximately 20,000 deaths. Treatment for patients with dengue is
mainly supportive, with anti-pyretic medication and fluid management
to treat the symptoms as needed. Antivirals against dengue viruses
(DENV), the causative agent of dengue, are not available. Passive therapy
with antibodies is considered a potential antiviral approach. To have the
greatest effect, antibodies would need to be administered early in the
acute phase of DENV infection, when viremia levels are high. Effective
antibodies, if available, would be desired to reduce disease severity, the
symptomatology, and the duration of illness. Moreover, the potential for
virus transmission from infected humans to mosquitoes could also be
mitigated due to a more rapid decline in viremia, to a level below the

mosquito infectious dose. However, there is a lack of clinical evidence

for the efficacy of antibody therapy in dengue. We have access to 14
well-described antibodies, shown to neutralize DENV in the Plaque
Reduction Neutralization Test (PRNT). However, there are limitations to
this conventional assay i.e. PRNT employs laboratory-cultured cells which
do not mimic the natural infection of DENV. We develop a novel, more
biologically-relevant approach, the Viremic Blood Neutralization Assay
(VIBNA). This assay was used to assess the neutralization profiles of those
14 antibodies against DENV. Results showed that only five antibodies
effectively neutralized DENV in our assay. The neutralization caused by the
therapeutic antibody candidates followed a dose-response relationship.
These results demonstrate the increased sensitivity of ViBNA and have
implications for the pharmacokinetics and the dosage of the promising
antibody candidates.

DENGUE AS A RURAL DISEASE? FINDINGS FROM A
HOUSEHOLD STUDY IN KAMPHAENG PHET, THAILAND
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With an estimated 3.9 billion people at risk of dengue virus infection, a
better understanding of dengue epidemiology is needed to reduce the
global burden of this life-threatening disease. Herein, we present an
analysis of community- and household-level factors associated with risk
of dengue infection. Data for this study is derived from the first year of a
five-year prospective cohort study of dengue infection conducted in 500
family units in Kamphaeng Phet, Thailand. Acute dengue illnesses were
identified by ELISA, RT-PCR, and HAI, and subclinical cases were identified
by HAI during routine annual follow up. A total of 34 dengue infections
were detected among 78 family units in the first year of the study; 22
infections were subclinical. Risk of dengue infection was compared in rural
and urban areas with the finding that 31.7% of homes in agricultural
areas experienced dengue infection, 33.3% within villages, and 0% within
urban areas (p=0.15). The mean number of homes within a 100m radius
was 9.6 for dengue-infected homes and 14.5 for non-dengue-infected
homes (p=0.12). This suggestion of increased risk in rural areas was
hypothesized to be primarily due to differences in housing construction
and sanitation. Rural homes were more likely to be constructed primarily
from corrugated metal sheeting, which was associated with an increased
risk of dengue infection (62.5% of homes with metal sheeting experienced
dengue versus 25.7%, p=0.04). Agricultural homes had more larval
breeding sites, including water containers, organics such as coconut shells
and bamboo, and tires (p<0.05 for all). These preliminary analyses were
limited to enrolled houses that had completed annual follow-up at the
time of writing; these findings will be further explored with accumulating
data from this active prospective cohort study. Taken together, this data
from Thailand suggests that dengue infection rates may be higher in rural
areas and would challenge the current paradigm of dengue as an urban
disease. This has implications for the appropriate targeting of vector
control or community education campaigns, particularly in the absence of
a readily-available vaccine.
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IPS CELL DERIVED DENDRITIC CELL LIKE CELL IS INFECTED
WITH DENGUE VIRUS, AND ACTS AS ANTIGEN PRESENTING
CELL
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Dengue virus (DENV) infection poses a great threat to about 2 billion
people globally. Although several vaccine trials have been launched, there
is no protective vaccine against infection. The serotype specific humoral
immunity has been reported to show a limited protection against infection,
and this fact suggested the importance of the cellular immunity. Dendritic
cell (DC) is defined as a professional cell to present antigenic peptide
coupled with MHC to T cells, and also known as the first target cell of
DENV infection. In this study, we tried to set up an in vitro antigen priming
system for T cells using induced pluripotent stem (iPS) cell derived DC like
cells. We found that DENV efficiently infected iPS DC like cells. Moreover,
the in vitro experiments showed clearly that the infected iPS DC like cells
gave a significant antigenic stimulation to T cell even from naive donor.

It is concluded that it is possible to use the iPS DC like cells to identify

T cell antigenic epitopes and to enhance development of both T and B
stimulating dengue vaccine.

PREVALENCE AND BURDEN OF DENGUE IN EUROPE: A
SYSTEMATIC REVIEW AND META-ANALYSIS

Ali Mahmoud Ahmed', Mohammed Khattab', Thao Thanh Vu?,
Abdelrahman Tarek Mohammed', Mohamed Fahmy Doheim?,
Ahmed Ashraf Mohamed', Mai Mahmoud Abdelhamed*, Bahaa
eldin Shamandys, Mahmoud Tamer Dawod¢, Wafaa Ali Alesaei’,
Mahmoud Attia Kassem8, Omar Mohamed Mattar®, Safya
Mohamed Al-agery', Kenji Hirayama', Nguyen Tien Huy™
'Faculty of Medicine, Al-Azhar University, Cairo, Eqypt, ?School of

Health and Biomedical Sciences, RMIT University, Victoria, Australia,
3Faculty of Medicine, Alexandria University, Alexandria, Egypt, “Faculty
of Medicine, Tanta University, El-Gharbiya, Egypt, *Faculty of Medicine,
Aswan University, Aswan, Eqypt, °Faculty of Medicine, Zagazig University,
El-sharkia, Egypt, “Faculty of Medicine, Misr University for Science and
Technology, Giza, Egypt, The Ohio State University Wexner Medical
Center, Columbus, OH, United States, °Kasr Alainy Faculty of Medicine,
Cairo University, Cairo, Egypt, "Institute of Tropical Medicine (NEKKEN),
Nagasaki University, Nagasaki, Japan

The increase of air travel was concomitant with the importation of
dengue to non-endemic areas as Europe. The imported dengue cases are
thought to be an important source for transmission of autochthonous
dengue in Europe. This systematic review and meta-analysis aims to
investigate the prevalence of dengue in Europe, evaluate the severity,
predict the future risk, and propose potential solutions to overcome this
problem. Out of 5287 reports, resulted from the search in nine electronic
search engines, we included 198 reports which reported confirmed
dengue cases. The screening processes and the data extraction were
performed by three independent reviewers. The meta-analysis was
performed by pooling the event rate and 95% confidence interval (CI).
Meta-regression and subgroup meta-analysis were performed to test

the effect of the covariates. The protocol was registered into PROSPERO
(CRD42015015037). Autochthonous dengue cases were detected in nine
countries with the highest number of cases reported in Croatia (n=44).
However, the highest level of imported dengue cases was in Germany
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(n=6736) and subsequently France (n=4223). Most cases were imported
from South-East Asia (n= 8986) especially Thailand. Total dengue cases
increased during the last six years (n=6413), especially in in Germany and
France, compared to the detected cases during the previous decades.

The pooled rate of dengue infection among other imported infections to
Europe was 0.275 (95% CI[0.177-0.401]). The estimated rate of severe
dengue among all European dengue infection was 0.110 (95% CI[0.061-
0.193]), while the rate of dengue with warning signs was 0.217(95%
CI[0.156-0.293]). Meta-regression using age and sex of patients didn’t
reveal any significant effect on the estimated proportions. Publication bias
was detected only in dengue cases with warning signs. In conclusion,
imported dengue is increasing in Europe which in turn participates in

the appearance of autochthonous cases. Severe dengue is not common
among European dengue cases. European travel authorities should pay
more attention for diagnosis and control dengue cases among returning
travelers.

A COMPARISON OF RAPID AND STANDARD DIAGNOSTIC
ASSAY EFFICACY FOR THE DETECTION OF DENGUE VIRUS

Elysse N. Grossi-Soyster', Amy R. Krystosik', Jael Sagina?,
Samuel G. Kimaru?, Francis M. Mutuku?, A. Desiree LaBeaud!

'Stanford University School of Medicine, Pediatrics Infectious Disease,
Stanford, CA, United States, ?Vector Borne Disease Control Unit,
Msambweni, Kenya, *Technical University of Mombasa, Dept of
Environmental and Health Sciences, Mombasa, Kenya

The burden of arthropod-borne viruses (arboviruses) is notoriously difficult
to determine. A primary roadblock to determining the impact of these
viruses in endemic regions and communities is the availability of reliable,
accurate, and affordable diagnostic tests. Proteins targeted by diagnostic
assays generally have a short window of expression, making it difficult

to quickly and accurately diagnose acute infections. Viral proteins or

viral RNA are identifiable within the first 3 days of infection, followed by
IgM antibodies from days 3-10, and IgG antibodies thereafter to identify
previous exposure to specific viral genera. We aimed to identify the
sensitivity of a dengue virus (DENV) rapid diagnostic test (RDT), which
functions as a triplicate assay providing results for DENV nonstructural
glycoprotein 1 (NS1), IgM antibodies, and IgG antibodies in a single test,
against traditional methods of detection. Febrile children participating

in a larger study to estimate the burden of arboviruses in coastal Kenya
provided blood samples during the initial and follow up visits. The follow-
up visit samples were collected after one month. Initial blood samples
were tested using the DENV IgG/IgM/NS1 RDT from Deangel Biological.
Serum obtained from both initial and follow-up blood samples were tested
for anti-DENV IgG antibodies by indirect ELISA. In total, samples from

180 children tested using both RDT and ELISA. All samples were negative
for NS1, whereas 37% were IgM positive. RDT results for IgM should

have correlated with 1gG results obtained from follow-up indirect ELISA
testing, yet only 5.3% of samples tested were positive for IgG antibodies
during the follow-up testing. There were several discordant results when
comparing lgG prevalence by RDT and indirect ELISA, with 7 false positives
and 4 false negatives using indirect ELISA as the gold standard. We have
concluded that the positive predictive and the negative predictive values
for the RDT kit are 6.7% (CI95 1.9%-16.2%) and 95.4% (CI95 89.5%-
98.5%), respectively. Improved rapid diagnostic testing is needed to
facilitate diagnosis in remote settings, as current methods are substandard.



IL-10 PROTECTS THE BLOOD-BRAIN BARRIER AGAINST
LEAKAGE INDUCED BY SERUM FROM DENGUE PATIENTS

Jael Miranda’, Esteban Munoz?, Martha Medina3, Clara
Santacruz?, Cesar Gonzalez?, Joaquin Gonzalez?, Lorenza
Gonzalez-Mariscal’, Juan E. Ludert’

'Center for Research and Advanced Studies, Mexico City, Mexico, ?Central
Laboratory of Epidemiology. Mexican Social Security Institute, Mexico

City, Mexico, *State Public Health Laboratory. Health Services of the State
Government of Yucatan, Yucatan, Mexico

Dengue is a viral infection disease characterized by systemic symptoms
ranging from self-limited undifferentiated fever to life threatening
symptoms, including plasma leakage. Yet, less than 5 % of dengue
patients present dengue virus (DV) infection in cerebrospinal fluid,
neurons, microglia, astrocytes or brain endothelial cells. The inflammatory
cytokines from the immune response against DV are thought to be
responsible for endothelial tight junction (TJ) opening and plasma leakage.
Here, we used a blood-brain barrier (BBB) in vitro model to compare

the effect on TJs of sera from patients with dengue fever (DF, without
plasma leakage) and sera from patients with dengue hemorrhagic fever
(DHF). A functional assay, based on the continuous measurement of
transendothelial electrical resistance (TER) of the BBB, was used to evaluate
sera effect. Sera cytokine levels were determined using a commercial
bio-plex assay. TJ proteins expression and localization were evaluated by
Western blot and immunofluorescence assays. Our results indicate that
both, DF and DHF sera had a biphasic effect: at earlier times (4 h) they
induced a rapid and significant decrease of TER, while at later times (after
24 h) an increase of TER was detected. However, with FHD sera, the TER
recovered to control levels, while with DF serum, the TER increased above
control values. Exposure of BBB for 48 h to FD or FHD sera, decreased Cl-5
and increased occludin expression. The levels of cytokines IL-1Ra, IL-6, IL-8,
TNF-a and INF-y were not significantly different between DF and DHF sera;
however, significantly higher levels of IL-10 were observed in DF sera which
correlated with higher TER values. Finally, we exposed BBB to purified IL-10
or FHD sera supplemented with IL-10 (0.5 ng/ml) and observed an increase
in TJs seal, together with CI-5 and occludin preservation at cell borders.
These results suggest that IL-10 in DF sera acts as a protective factor for TJs
and prevents the opening induced by other serum factors.

THERAPEUTIC POTENTIAL OF INTERFERON-A AND RIBAVIRIN
AS COMBINATION THERAPY AGAINST DENGUE VIRUS IN
DIFFERENT CELL LINES

Camilly P. Pires de Mello, George L. Drusano, Justin J. Pomeroy,
Evelyn J. Franco, Jaime L. Rodriquez, Ashley N. Brown

University of Florida, Orlando, FL, United States

Dengue virus (DENV) is the most prevalent mosquito-borne viral illness in
humans and is endemic in over 100 countries world-wide. Currently, there
are no therapeutic agents available to prevent or treat DENV infections.
Our objective was to fill this unmet medical need by evaluating the
antiviral activity of interferon-a (IFN) and ribavirin (RBV) as combination
therapy against DENV. IFN plus RBV is a currently approved therapy for the
treatment of hepatitis C virus infections, a virus related to DENV. For these
studies, Vero and Huh-7 cells were infected with DENV in the presence

of increasing concentrations of IFN and/or RBV. Viral supernatants were
harvested on the day of peak viral infection in the control arm and viral
burden was quantified by plaque assay on Vero cells. A mathematical
model was fit to the viral burden data to define drug-drug interactions
for antiviral effect. In Vero cells, the effect of IFN and RBV was additive
with EC50 values of 1,222 IU/ml and 100.7 mg/L for IFN and RBV,
respectively. However, drug interactions were highly synergistic in Huh-7
cells, yielding EC50 values of 72.24 IU/ml for IFN and 46.58 mg/L for RBV.
Despite additive and synergistic interactions, the EC50 values obtained

for RBV in both cell lines are supraphysiological. We then evaluated the

antiviral activity of the IFN plus RBV at clinical exposures in an in vitro
plate assay to further investigate the therapeutic promise of this regimen.
Clinically-relevant exposures inhibited DENV by 2-log10 at 24h and 48h
post-treatment in Vero cells. Inhibition was much higher in Huh-7 cells, as
viral burden was suppressed by 3.3-log10 at 24h and 4.6-log10 at 48h.
Our findings highlight the importance of host cell selection for antiviral
screening assays, as different cell lines may result in different conclusions.
Since Huh-7 is a human hepatocyte cell line it may serve as a more relevant
tissue culture model for DENV infection compared to Vero cells. Moreover,
our results suggest that IFN plus RBV is a potential therapeutic strategy for
the treatment of DENV, as it may be possible to achieve sufficient levels of
viral inhibition at physiologic drug exposures.

ASSESSING DENGUE VIRUS-INDUCED CHANGES IN GENE
EXPRESSION PROFILES VIA RIBOSOME PROFILING

Diana S. Juarez', Antén Vila-Sanjurjo?, Mariana Leguia'

"U.S. Naval Medlical Research Unit-6, Lima, Peru, “Universidade de A
Coruha, A Corufia, Spain

A majority of the research on dengue (DENV) virus-induced changes

in gene expression has focused on the role of the adaptive immune
response, which is undeniably important. However, epidemiological

data suggest that the host's genetic background may also contribute
important susceptibility factors that could exert their effect in a manner
independent from the adaptive immune response. Thus, an understanding
of differential global gene expression at the proteome level is essential

to understand how DENV infection can result in dramatically different
disease outcomes. Ribosome profiling enables direct measurements of
protein expression at the whole cell level. In so doing, it generates all the
information needed for a comprehensive understanding of how global
gene expression may influence particular disease phenotypes. We have
recently completed a ribosome profiling-based study of DENV-2 in infected
K562 and A549 cells. The two models of DENV infection allow us to

test both low and high infection rates. In the K562 low infection model
we found 471 differentially expressed (DE) genes in response to DENV
infection, whereas in the A549 high infection model we detect over 3000.
Interestingly we detected a large number of regulatory RNA species that
may be novel regulators of dengue pathogenesis. Our data indicates that
ribosome profiling is a gene discovery tool with great potential to inform
understanding of disease pathogenesis.

THE PHYLOGEOGRAPHY AND PHYLODYNAMICS OF THE
DENV-2 AMERICAN-ASIAN GENOTYPE IN PERU

Cristhopher D. Cruz', Milena Alba', Amy Morrison', Christopher
Mores', Simon Pollett?, Mariana Leguia’

'Naval Medical Research Unit-6, Callao, Peru, ?Viral Diseases Branch,
Walter Reed Army Institute of Research, Silver Spring, MD, United States

Dengue virus and particularly the American-Asian genotype of Dengue
virus type 2 (DENV-2) causes a large burden of morbidity in Peru and

Latin America. Existing studies into the spatial epidemiology of DENV-

2 in Peru have been limited by a relative paucity of Peruvian and Latin
American sequence data. In particular, it is unclear what predicts diffusion
of this virus within Peru and whether certain locales can serve as sources
of persistent DENV-2 variants over time. We therefore sequenced the
whole genome of 216 DENV-2 positive human sera collected from Peru
and neighboring countries between 2007 and 2014, with additional
background global sequence data obtained from GenBank. A maximum
likelihood E-gene tree inferred under a GTR+I+G nucleotide substitution
model confirmed the circulation of two large DENV-2 American-Asian
(DENV-2 AA) lineages in Peru with a replacement of Lineage | by Lineage Il
in 2009. Overall, Peru experienced seven distinct DENV-2 AA introductions.
Lineage | was most likely introduced into Peru via three different routes
from either Brazil or Ecuador. Similarly, three geographic routes of lineage
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Il into Peru were identified, a northern route from Ecuador/Colombia, and
two eastern routes into Loreto and Madre de Dios from a Brazil/Paraguay/
Bolivia mixed lineage. Regarding within-Peru viral traffic, the results show
clear evidence of spatial division between coastal and Eastern regions of
Peru and regional viral dispersal typically between departments sharing
borders. A Loreto-specific analysis revealed Iquitos data in basal positions
of multi-province Loreto sub-lineages, suggesting that Iquitos may have
experienced multi-year persistence of DENV-2 strains and may have seeded
other locations within Loreto. Taken together, our results indicate that
Peruvian DENV-2 epidemics are spatially structured, that diffusion of DENV-
2 into and within Peru is typically predicted by geographic distance and
that the tropical city of Iquitos experiences multi-year persistence of DENV-
2 variants and may act as a regional hub of viral traffic.

DENGUE AND OTHER ARBOVIRUSES IDENTIFIED IN
RESPIRATORY SPECIMENS OF UNKNOWN ETIOLOGY

Gilda Troncos, Alejandra Garcia, Jane Rios, Christopher Mores,
Mariana Leguia

U.S. Naval Medical Research Unit-6, Callao, Peru

Dengue viruses (Family Flaviviridae; genus Flavivirus) are transmitted

to humans through the bites of infected female mosquitoes. Dengue
viruses cause dengue fever, a severe, flu-like illness that can lead to
complications and cause death. During periods of peak viremia dengue
virus can be easily detected in serum samples by PCR. Following peak
viremia, dengue can also be diagnosed using ELISA-based assays. Here,
we report identification of dengue viruses, as well as other arboviruses, in
oropharyngeal swabs collected from patients with respiratory symptoms.
Briefly, while conducting routine respiratory surveillance in Peru, we
identified a large number of samples that had shown cytopathic effect
(CPE) while in culture, but tested negative for all known respiratory
pathogens using either PCR- or ELISA-based approaches. These samples
(196 total), entered a pathogen discovery pipeline that uses next-
generation sequencing (NGS) to generate unbiased amplifications of

viral nucleic acids. Sequencing libraries were prepared with Nextera kits
and sequenced on the lllumina MiSeq platform. We detected previously
undiagnosed viruses in 35 samples (18% total positives). As expected,
the majority of viruses detected were respiratory viruses (20, or 57% of
those detected). However, we also detected a number of arboviruses,
including dengue (2, or 6%), Western Equine Encephalitis (WEE, 2 or
6%) and Venezuelan Equine Encephalitis (VEE, 1 or 3%). Arboviruses
like dengue, WEE and VEE are not usually detected from oropharyngeal
swabs, but given that these pathogens can cause flu-like symptoms, it is
not surprising these patients would be sampled. The duration and role of
viral shedding in the upper oropharynx of these arboviral diseases should
be explored further. These results indicate that unbiased NGS approaches
are an effective way to detect viral pathogens from patient samples when
traditional methods fail to provide etiologic confirmation.

MODIFIED ELISPOT FOR THE ANALYSIS OF SPECIFIC AND
CROSS-REACTIVE DENGUE VIRUS AND ZIKA VIRUS MEMORY
B CELLS

Awadalkareem Adam, Marcia Woda, Alan L. Rothman, Anuja
Mathew

Institute for Immunology and Informatics, University of Rhode Island,
Providence, RI, United States

Dengue virus (DENV) and zika virus (ZIKV) are antigenically related
flaviviruses that have a significant global health impact. Recently, immune
sera and monoclonal antibodies from DENV patients were found to

be cross-reactive with ZIKV suggesting that memory B-cells from a

DENV infection or vaccination can be reactivated by a ZIKV infection.
Conventional ELISpots have been used to effectively to measure antibody
secreting B-cells (ASCs) but since it is limited to a single antigen at a
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time, it is challenging to detect DENV serotype-specific and cross-reactive
memory B cells in the same well. Furthermore, high concentrations of
antigen are required to detect ASCs. Novel assays that measure flavivirus
cross-reactive memory B cells with reduced assay cost are needed as
they can be used to better understand the breadth and magnitude of
cross-reactive flavivirus responses. Using a panel of DENV immune and
naive PBMC, we evaluated biotinylated recombinant Virus-like Particle
(Bio-VLP) and fluorescently labeled viruses (FLVs) in modified ELISpot
assays. Conjugation efficiency and recognition of Bio-VLPs and FLVs by
virus specific antibodies were validated by flow cytometry. We were able
to reduce the amount of antigen required 10 fold, without any loss of
detection sensitivity, by utilizing biotinylated antigens as an alternative
detection system. FLVs were able to simultaneously detect DENV serotype-
specific and cross-reactive memory B cells. Our findings indicate that the
biotinylated-DENV VLPs and fluorescently labeled viruses might provide
sensitive and specific tools to detect DENV-specific and DENV-ZIKV cross-
reactive memory B-cells.

THE EFFECT OF GARLIC IN REDUCING INFLAMMATION IN
DENGUE INFECTION

Andrea J. Troupin’, Alex Hall', Berlin Londono-Renteria?, Nicholas
Dopkins', Tonya M. Colpitts'

"University of South Carolina, Columbia, SC, United States, °’Kansas State
University, Manhattan, KS, United States

Dengue virus (DENV) is a mosquito-borne flavivirus that causes significant
human disease and mortality in the tropics and subtropics. There has been
a recent global trend of increased epidemic activity and DENV infection is
considered a serious reemerging health problem worldwide. A relatively
unexplored approach is to develop new treatments for dengue infection
and prevent severe disease development through the investigation of
alternative and natural medicines. Inflammation plays both beneficial and
harmful roles during the host response to dengue virus infection. Several
studies have proposed that the oxidative stress response induced by
dengue virus infection is responsible for triggering the pro-inflammatory
cytokine response. Thus, blocking the oxidative stress response and
reducing inflammation in dengue patients could together reduce the
likelihood of severe disease development. There are several plant products
and herbal supplements that have been suggested or proven to reduce
inflammation, including flavonoids, curcumin and garlic. Garlic also

has effects on the oxidative stress response and prevents intracellular
glutathione depletion. To investigate the effects of garlic on inflammation
during dengue virus infection, we used three active organosulfur

garlic compounds: DAS, DADS and Aliin. We examined the levels of
inflammatory cytokines TNF-alpha, IL-8 and IL-10 in the supernatants of
dengue virus-infected cells with and without the garlic compounds. We
found that the addition of garlic compounds reduced the levels of all 3
inflammatory cytokines at all doses tested. Oxidative stress is thought to
be the mechanism through which dengue virus acts to trigger the pro-
inflammatory immune response during infection. As we examined the
anti-oxidant activity of garlic during dengue infection we found that garlic
can reduce inflammation through the reduction of the oxidative stress
response.

CHARACTERIZATION OF IN VIVO T CELL ACTIVATION
DURING ACUTE DENGUE ILLNESS

Kirk Haltaufderhyde', Anon Srikiatkhachorn', Sharon Green?,
Louis Macareo?, Anuja Mathew!', Alan Rothman'

"University of Rhode Island, Providence, Rl, United States, 2University of
Massachusetts, Worcester, MA, United States, >Armed Forces Research
Institute of Medical Sciences, Bangkok, Thailand

Several studies suggest that T cells play an important role in both
protection against dengue virus (DENV) infection and pathogenesis of
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dengue disease. What remains unclear is the relationship between the
responses of T cell subsets to primary or secondary DENV infection and
disease severity. In addition, the role of peripheral T follicular helper
(pTfh) cells during acute DENV infection has not been well studied. To
further characterize T cell activation during acute DENV infection, we
studied the expression of activation markers on CD4 and CD8 T cell and
pTfh cell subsets using flow cytometry in blood samples collected from
Thai children during acute DENV infection. We demonstrated a massive
activation of T cells during acute DENV infection. The most pronounced

T cell activation occurred during the critical stage (fever day +1, one day
after defervescence), as defined by a large increase in CD38 and PD-1
expression. On average, ~50% of CD8 T cells and ~20% of CD4 T cells
were CD38+ PD-1+ on fever day +1. pTfh cells were also highly activated
with increased expression of PD-1, CD38, and OX40. Interestingly, we also
observed a 61% increase in the frequency of pTfh cells on fever day +1
when compared to 1 yr post-infection (p < 0.05). Our study demonstrates
a robust activation of CD4 and CD8 T cells during acute DENV infection.
The expansion and activation of pTfh cells may be related to plasmablast
activation and DENV-specific antibody production. Overall, our study
supports the model that T cells contribute to disease evolution during the
critical stage of infection. Future analysis will be performed to determine if
there is a correlation between T cell activation and virus serotype, primary
versus secondary infection and disease severity.

PRE-EXISTING ANTI-DENGUE VIRUS ANTIBODY TITER
PREDICTS SEVERITY OF DENGUE DISEASE IN A PEDIATRIC
COHORT IN NICARAGUA: A CASE-CONTROL AND
LONGITUDINAL STUDY

Leah C. Katzelnick’, Lionel Gresh?, M. Elizabeth Halloran3, Juan
Carlos Mercado®, Guillermina Kuans, Aubree Gordon¢, Angel
Balmaseda®, Eva Harris'’

'Division of Infectious Diseases and Vaccinology, School of Public Health,
University of California Berkeley, Berkeley, CA, United States, ?Sustainable
Sciences Institute, Manaqgua, Nicaragua, *Department of Biostatistics,
University of Washington, Seattle, WA, United States, “Laboratorio
Nacional de Virologia, Centro Nacional de Diagndstico y Referencia,
Ministry of Health, Managua, Nicaragua, *Centro de Salud Sdcrates
Flores Vivas, Ministry of Health, Managua, Nicaragua, ®Department of
Epidemiology, School of Public Health, University of Michigan, Ann Arbor,
M, United States

The four dengue virus serotypes (DENV1-4) are mosquito-borne flaviviruses
that cause up to ~100 million dengue cases and ~500,000 hospitalizations
annually. Severe dengue disease, most common during secondary
heterotypic DENV infection, is often attributed to antibody-dependent
enhancement, but a direct relationship between pre-existing anti-DENV
antibody (DENV-ADb) titer and disease severity has not been shown in
human populations. Pre-existing DENV-ADb titers were measured in healthy
annual blood samples from 6,684 children in the Nicaraguan Pediatric
Dengue Cohort Study using Inhibition ELISA. Severe dengue disease was
categorized by 1997 and 2009 WHO dengue severity criteria as well as

a clinical management score. We studied the relationship between pre-
existing DENV-AD titer and 1) severe vs. non-severe secondary dengue
using logistic regression; 2) severe and non-severe secondary dengue cases
and matched controls using conditional logistic regression, Wilcoxon rank
sum and signed rank tests; and 3) risk of severe and symptomatic dengue
using Cox proportional hazards models. Statistical analyses adjusted for
year of exposure, sex, previous infections, age, and serotype. Across all
severity classification schema, dengue cases with pre-existing DENV-Ab
titers between 21 and 80 had significantly greater odds of being severe
(compared with non-severe) than primary dengue cases. Severe secondary
dengue cases had lower DENV-ADb titers (peak 21-80) than non-severe
dengue cases or matched controls (peak 81-320). Further, children

with DENV-AD titers of 21-80 had greater hazard of severe dengue as
compared to DENV-naive children (Hazard ratio=7.47 [95%Cl 3.05-
18.27]), whereas children with lower or higher DENV-AD titers did not. In

contrast, children with DENV-ADb titers >320 had significantly lower hazard
of symptomatic dengue. In sum, we observed the highest risk of severe
dengue at pre-existing DENV-AD titers of 21-80 and protection against
symptomatic dengue at high DENV-AD titers, thus providing a basis for
identifying individuals at highest risk for severe disease in populations and
vaccine trials.

USING CARTOGRAPHY TO DEFINE ANTIGENIC RELATIONSHIP
AMONG DENGUE VIRUSES (DENV) IMPORTED BY
TRAVELLERS

Kritu Panta’, Timo Ernst', Suzi McCarthy?, Kara Imbrogno’, David
Smith?, Allison Imrie’

"The University of Western Australia, Perth, Australia, 2Pathwest
Laboratory Medicine WA, Perth, Australia

The dengue viruses (DENV) are genetically divergent and grouped as four
distinct serotypes (DENV-1-DENV-4), based on recognition of the viral
envelope by anti-DENV antibodies. The four serotypes are more precisely
classified, using phylogenetic approaches, into distinct genotypes which
have been defined as clusters with nucleotide sequence divergence of not
more than 6%, and lineages within the genotypes may represent strains
with similar geographic origins. Such antigenic variation among the four
dengue viruses influences epidemic virulence, immunopathogenesis, and
vaccine design. We sought to understand the immunological significance
of virus diversity by assessing DENV-specific cross-recognition and cross-
neutralization using a panel of isolates and acute and convalescent sera
collected over a period of up to 4 years, from travellers with well-defined
monotypic DENV infection. DENV was isolated from acute-phase serum
from Western Australian (WA) travellers returning from Bali, Indonesia,
where they were infected with DENV; phylogenetic analysis identified
serotype genotypes and lineages circulating at the time and imported by
the travellers. Antigenic maps were constructed from hemagglutination
inhibition (HI) and focus reduction neutralization tests (FRNT) titers.

We show that all DENV, representing diverse genotypes and lineages,

are recognized and neutralized by heterologous and homologous anti-
sera, within 2 months of infection. By 2 years after infection, broad
cross-recognition of all four serotypes is still apparent, however cross-
neutralization is more restricted and homologous DENV and anti-sera are
loosely clustered in the antigenic map. By 4 years after infection, there is
clear clustering of DENV neutralized by homologous anti-sera, and also
increased DENV recognition as measured by haemagglutination inhibition.
In this study, we show that DENV genetic classification does not necessarily
represent antigenicity and immune dynamics. It is essential to explore
antigenic properties to understand the evolution and level of DENV-specific
immune response.

USE OF NEEDLE-FREE JET INJECTION AND
ELECTROPORATION TO ENHANCE THE IMMUNOGENICITY OF
A TETRAVALENT DENGUE DNA VACCINE

Kanakatte Raviprakash', Daniel F. Ewing', Maria Blevins?, Peifang
Sun', Kevin R. Porter’, John W. Sanders?, Maya Williams'

'Naval Medical Research Center, Silver Spring, MD, United States, ?Wake
Forest University School of Medicine, Winston-Salem, NC, United States

The Naval Medical Research Center has developed a tetravalent dengue
DNA vaccine. Two phase 1 clinical trials, first with the monovalent
dengue-1 product for proof-of-principle and a second with the tetravalent
product, demonstrated that this vaccine is safe and well tolerated but
produced less than optimal humoral immune responses. To determine if
other methods of vaccine delivery could enhance the immunogenicity of
this vaccine, we conducted a study in non-human primates. Animals were
vaccinated at 0, 30 and 90 days with either 1 mg or 5 mg of a tetravalent
dengue DNA vaccine via either the intradermal or intramuscular route
using either a needle-free jet injection or electroporation device. Data
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on neutralizing antibody titers assessed monthly up to five months after
the last vaccination and cellular immune responses will be presented.
Preliminary results suggest that intramuscular delivery of the tetravalent
DNA vaccine by electroporation may generate the best anti-dengue
neutralizing antibody response.

DEVELOPMENT AND VALIDATION OF CLINICAL ALGORITHMS
FOR THE DIAGNOSIS OF DENGUE IN ENDEMIC AREAS OF
COLOMBIA

Diana Caicedo’, Andrés Méndez', Rafael Tovar', Jairo Celis?,
Liliana Villegas?, Constanza Collazos?, Lyda Osorio'

"University of Valle, Cali, Colombia, ?Comfandi, Cali, Colombia

Due to the increase in the incidence and mortality of dengue, its

prompt and correct diagnosis is a priority for endemic countries. Clinical
classifications and existing laboratory tests for diagnosis have a variable
performance with sensitivities between 45% - 98% and specificities
between 4% -71%. To develop and validate clinical algorithms for
dengue diagnosis in endemic areas of Colombia. A Bayesian-adaptive
quasi-experimental clinical trial is been conducted with a target of

2000 febrile subjects. In the first phase, diagnostic algorithms based on
Bayesian methodologies are been developed and validated prospectively.
Demographics, signs and symptoms of dengue, leukocytes and platelets
are collected from all participants; clinical algorithms are compared to gold
standard diagnostic dengue tests. In the second phase, the diagnostic
accuracy of the best algorithm identified in the first phase will be validated
in the routine clinical practice. Interim analyses will be performed every 5
false negatives for dengue. To date, 6 clinical diagnostic algorithms have
been developed. Three based on signs and symptoms and three that
include leukocytes and platelet counts. The latter have reached up to 75%
sensitivity. In an external validation in databases of suspected dengue the
sensitivity was 80%. In addition, a pilot test of prospective validation was
performed, 65 febrile subjects were recruited and the clinical algorithm
(general pain, skin rash, hemorrhagic manifestations, warning signs,
neurological alterations, absence of respiratory symptoms, absence of
jaundice, leukopenia <4.500/mm3 and thrombocytopenia <160.000/mm3)
had a specificity of 95%. There were no positive cases of dengue by gold
standard tests but 2 were positive by the clinical algorithm. The inclusion
of blood count parameters improves the sensitivity of dengue diagnostic
algorithms based only on signs and symptoms. The development of highly
sensitive and specific dengue diagnostic tests based on clinical criteria
useful at point of care remains a challenge for dengue research.

TRIVALENT AND TETRAVALENT DENGUE VACCINES PROTECT
AGAINST DENV-4 CHALLENGE IN NON-HUMAN PRIMATES

Ginger Young', Allan Parker’, Yuping Ambuel’, Jeremy Fuchs’,
Linda Strange', Lovkesh Karwal', Wendy Newton?, Saverio
Capuano?, Hansi Dean’

"Takeda Vaccines, Inc., Cambridge, MA, United States, Wisconsin National
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A successful dengue vaccine should elicit protective immune responses
against all 4 dengue serotypes. Developing a vaccine formulation which
elicits balanced immune responses to all serotypes is challenging, and
immune correlates of protection may differ by serotype. Takeda’s candidate
tetravalent dengue vaccine (TDV), is comprised of an attenuated DENV-2
virus strain (TDV-2) and three chimeric viruses containing the premembrane
and envelope genes of DENV-1, DENV-3 and DENV-4 genetically
engineered into the attenuated TDV-2 genome backbone (TDV-1, TDV-3
and TDV-4). TDV elicits neutralizing antibodies and cellular immunity to all
4 dengue serotypes, with magnitude of responses against DENV-2 higher
than against DENV-4. In order to determine the relative contribution of the
DENV-2 and DENV-4 component of TDV to immunogenicity and efficacy
against DENV-4, we evaluated immunogenicity and efficacy of a trivalent
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(TDV-1, -3 and -4) and a tetravalent (TDV-1, -2, -3 and -4) vaccine against
DENV-4 challenge in cynomolgus (Macaca fascicularis) macaques. Infected
cynomolgus macaques develop immune responses and a subclinical
infection detected by viremia. Vaccine efficacy against subcutaneous
DENV-4 1228 challenge was determined by assessing presence of DENV-4
viral RNA and isolation of replicating DENV-4 from serum. Both trivalent
and tetravalent vaccines were efficacious against DENV-4 challenge.
Neutralizing antibody titers measured using a reporter-virus particle

assay demonstrated a correlation between DENV-4 antibody levels and
protection against DENV-4 challenge. These results demonstrate that TDV
immunogenicity and efficacy against DENV-4 does not require the TDV-2
vaccine component. Characterization of the quantitative and qualitative
features of the immune response to DENV-4 may help identify surrogate
markers related to correlates of protection.

COMPARISON OF ACTIVE AND PASSIVE SURVEILLANCE
SYSTEMS FOR DENGUE FEVER IN MACHALA, ECUADOR IN
2014 AND 2015

Melissa Vitale, Aileen Kenneson-Adams, Christina D. Lupone,
Paula F. Rosenbaum, Jefferson Adrian, Anna M. Stewart

SUNY Upstate Medical University, Syracuse, NY, United States

Dengue is a mosquito-borne pandemic with approximately 2.5 billion
people at risk and approximately 400 million people infected annually.
Although dengue reporting is mandatory in Ecuador, the current passive
surveillance (PS) system is dependent upon people seeking care if
symptomatic. Studies have shown that an active surveillance (AS) strategy
allows for more cases to be detected and earlier within an outbreak. This
could better inform prevention and control strategies. The purpose of this
analysis was to compare an AS system to existing PS in Machala, Ecuador.
Dengue cases reported to the Ecuadorian Ministry of Health’s (MOH) PS
data of from 2014 and 2015 were compared to data from an AS study of
Dengue cases in Machala. All cases were laboratory confirmed. AS data
were collected from individuals who were seen at one of four clinics or
the sentinel hospital in Machala as well as family members and neighbors
of the patient. Cases that were reported to both systems were identified
based on matching on age, sex and date of visit. In both years, 218 cases
were identified by PS, and 287 from AS. Of these 16 cases appeared in
both systems. Younger patients were more frequently identified by PS
while the AS system identified more dengue infections in the 20-64 age
group, (p=0.014 and 0.358 in 2014 and 2015). In 2014, the incidence
rates were 8.35 per 10,000 for AS and 4.48 per 10,000 for the PS. In
2015, the incidence rates were 1.45 and 2.82 per 10,000 for active and
passive surveillance, respectively. Combined active and passive incidence
rates in 2014 and 2015 show the significantly higher incidence rates in
the 5-19 age group than any other age group (22.97 per 10,000 in 2014
and 7.57 per 10,000 in 2015). Thus, the AS captured a different cohort
possibly due to healthcare-seeking behaviors or disease dynamics such

as differences in clinical presentation by age group. In addition, it helps
improve understanding of the disease dynamics of Dengue infections for
more effective, targeted interventions.

MOLECULAR EPIDEMIOLOGY OF DENGUE VIRUS SEROTYPES
IN NEPAL

Shyam P. Dumre’, Piyawan Chinnawirotpisan?, Renu Bhandari?,
Chonticha Klungthong?, Geeta Shakya*, Sanjaya K. Shrestha®,
Prakash Ghimire?, In-Kyu Yoon¢, Kesara Na-bangchang’, Keniji
Hirayama’, Stefan Fernandez?
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Nepal, ®International VVaccine Institute, Seoul, Korea, Democratic People’s
Republic of, “Chulabhorn International College of Medicine, Thammasat
University, Pathumthani, Thailand, éPharmaceutical Systems Project
Management Office, USAMMDA, Fort Detrick, MD, United States

Global expansion of dengue virus (DENV), especially towards previously
non-endemic areas, is a serious public health concern. Although DENV
was introduced in Nepal nearly a decade ago in 2006, its molecular
epidemiology remains unclear. We adopted a phylogenetic approach

to understand the genetic diversity and potential origin(s) of the Nepal
DENV strains. For this, complete envelope (E) gene sequences of all four
DENV serotypes found in Nepal were obtained and maximum-likelihood
(M-L) trees were constructed along with relevant global sequences from
GenBank. Blood samples (n = 1215) were collected from acute dengue
patients during the major outbreaks in Nepal (2010-2012), affecting at
least 18 districts, with an estimated case fatality rate of 1.5%. All four
serotypes were detected in acute sera by reverse transcription-polymerase
chain reaction (RT-PCR). However, DENV 1 and 2 (92%) were found
responsible for the major outbreaks in the country. Nepal DENV 1 strains
belonged to genotype-V and formed two distinct clades, which showed
spacio-temporal variation during these outbreaks. DENV 2, 3, and 4 strains
were clustered into cosmopolitan genotype, genotype-lll, and genotype-
IIB, respectively. M-L trees revealed that the vast majority of Nepal DENV
strains were closely related to India and contemporaneous Singapore
strains. India is the most plausible origin of Nepal DENV due to its physical
proximity, extensive cross-border activities (open border) and similar geo-
climatic features supporting the phylogenetic relations. To this end, we
have outlined genetic diversity of DENV serotypes in Nepal. This sequence-
based information is not only useful for Nepal in epidemic preparedness
but also aids in the understanding of evolutionary dynamics at regional
and global level. Additionally, these findings underscore the need of cross-
border collaboration in dengue control where high public mobility exists
across the porous borders.

MUTAGENESIS OF DENGUE VIRUS ENVELOPE PROTEINS
TO MAP ANTIBODY EPITOPES AND IDENTIFY RESIDES
ESSENTIAL FOR FUNCTION

Jennifer M. Pfaff, Srikar Reddy, Edgar Davidson, Benjamin J.
Doranz

Integral Molecular, Inc., Philadelphia, PA, United States

To characterize the immune response to dengue virus (DENV) infection,
we have developed a high-throughput strategy that enables the rapid
identification of both linear and conformational epitopes on DENV

prM/E envelope proteins from all four DENV serotypes. For each DENV
serotype (1-4), we used Shotgun Mutagenesis technology to create a
comprehensive library of single mutations in DENV prM/E, 3,380 mutations
in total. Each library of individual mutant expression plasmids was arrayed
into 384 well plates and transfected into human cells to achieve native
protein expression and folding. The immunoreactivity of MAbs to the
prM/E variant in each individual well was quantified by high-throughput
flow cytometry, resulting in approximately 200 MAb epitopes. The
epitopes obtained have been correlated with their abilities to protect
against DENV infection. A number of these anti-DENV MAbs were found
to cross-react with ZIKV prM/E, predominantly within the fusion loop but
also within Domain Il of the E protein, identifying critical immunogenic
residues shared by DENV and ZIKV. We have also produced DENV virions
from all four mutation libraries using a previously developed DENV reporter
virus particle (RVP) system, allowing us to screen each individual DENV
Env variant protein for DENV particle budding and infectivity. For DENV3,
analyses of budding and infectivity, along with the MAb binding studies,
identified residues whose mutation eliminated virus infectivity, but did
not impact E protein expression, antigenicity, virion assembly, or particle
budding. We identified variants that showed increased DENV virion
budding, up to 5-fold above wild-type, indicating the ability to engineer
highly expressed, non-infectious DENV variants that can be used for

vaccine design. Our research has identified neutralizing epitopes in DENV
prMI/E and specific sites that are critical for DENV infectivity, providing new
targets and opportunities for vaccine development.

ZIKA VIRUS QUANTITATIVE PCR RESULTS AMONG
SYMPTOMATIC PEDIATRIC PATIENTS

Jennifer S. Read’, Brenda Torres-Velasquez', Gilberto Santiago',
Olga Lorenzi', Aidsa Rivera’, Sanet Torres-Torres?, Sheila Capre?,
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In 2015-2016, over 38,000 Zika virus (ZIKV) infections were reported in
Puerto Rico (PR). We previously characterized the clinical manifestations
of symptomatic children (<18 years (y) old) with confirmed ZIKV infection
(positive qualitative ZIKV polymerase chain reaction (PCR) result) enrolled
in the Sentinel Enhanced Dengue and Acute Febrile lliness Surveillance
System (SEDSS) in Ponce, PR. Our objective was to further characterize
these patients by evaluating quantitative ZIKV PCR results (viral loads,
VLs). The study population comprised symptomatic children enrolled in
SEDSS by December 31, 2016 with confirmed ZIKV infection. Available
PCR+ specimens underwent VL testing (copies/mL) using an RNA standard
curve generated from Trioplex Real Time RT-PCR Assay target amplicons.
The Mann-Whitney-Wilcox test (comparison of medians), Bonferroni
correction (pairwise comparisons among age groups and days post-

onset of illness (DPO) groups), and Jonckheere-Terpstra test (assessment
of trends) were used. Of 353 patients, 351 had >1 specimen available.
Among 484 specimens, the median (interquartile range (IQR)) of VLs

was 19,603 (5465-95,598). The median DPO for specimen collection

was lower in serum (1 day) than urine (2 days) (p<0.001). Analyzing only
serum and urine specimens collected on the same day (n=131 patients),
the median (IQR) VL was higher in serum [21,790 (8784-88,242)] than
urine [10,352 (2880-56,481)] (p=0.002). Analyzing one serum sample/
subject, there were no statistically significant differences in median VLs
according to sex [males (n=171) (25,436) vs. females (n=148) (26,558)
(p=0.99)] or age [44,372 (infants, n=21), 26,781 (1-4y, n=60), 22,828
(5-9y, n=88), and 25,621 (10-17y, n=150) (p=0.46)]. The median VL varied
significantly according to DPO: 106,778 (DPO=0, n=33); 46,299 (DPO=1,
n=131); 20,780 (DPO=2, n=78); 15,876 (DPO>3, n=77) (p=0.001). Among
symptomatic pediatric patients, ZIKV VLs were higher in serum vs. urine. In
serum, no statistically significant differences in median VLs were observed
according to sex or age, but median VLs decreased significantly with
increasing DPO.

NEUROLOGICAL OUTCOMES OF JAPANESE ENCEPHALITIS
VIRUS INFECTION IN PEDIATRIC AND ADULT PATIENTS AT
MAHOSOT HOSPITAL, VIENTIANE, LAO PDR

Phouvieng Douangdala’, Mayfong Mayxay?, Paul Newton?,
Pope Kosalaraksa®, Pagakrong Lumbiganon4, Douangdao
Soukaloun?

"LuangNamTha Provincial Hospital, LuangNamTha Province, Lao People’s
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Trust - Mahosot Hospital - Research Unit, Vientiane, Lao People’s
Democratic Republic, “Khon Kaen University, Khon Kaen, Thailand

Japanese encephalitis virus (JEV) infection is a serious disease with a fatality
rate of ~20-30% and 30-50% of survivors have significant neurological
sequelae. In Laos, the frequency of death and neurological sequalae have
never been studied. Better understanding of the consequences of JEV
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infection will help improve disease management and reduce mortality,
complications and neurological sequelae. This study aimed to follow
patients with JEV infection to determine the frequency of fatality and
neurological sequelae. Patients’ hospital charts, forms and reports from
Mahosot Hospital between 2003 and 2013 were retrospectively reviewed
and patients were followed prospectively. Positive anti-JEV IgM, PCR

or culture in CSF or sera was considered diagnostic. 183 patients (91 =

or <15 years old and 92 >15 years old) with confirmed JEV infections
were admitted and included in the study. The median age was 18 (0.1-
70) years. 57% of them were male. The mean days of fever before
admission was 6.1 (5.3-6.9) days. The fatality rate was at least 22%
(40/183) as 49 (27 %) patients were lost to follow-up. The proportion

of deaths was not significantly different between children (21/91) and
adults (19/92), p=0.87. Among patients who were still alive at the last
follow-up, the median duration of follow-up was 55 (18-156) months.
38% of patients completely recovered (without neurological sequelae),
with significantly more adults (49%) than in children (28%) recovering,
p=0.007. Of patients 61% (51% in adults and 72% in children, p=0.007)
had neurological sequelae at follow up. Severe and moderate functional
impairment at follow-up was also significantly higher in children (24%)
compared to adults (2.1%), p<0.001, while at discharge neurological
sequelae was not significantly different based on Liverpool Outcome
Scores (74 vs 72, p=0.018). At least 1/5 of the patients with JEV infection
in this study died. Among those who are still alive, nearly 2/3 of them had
neurological sequelae at last follow-up. Although mortality was similar for
children and adults, the severity and frequency of neurological sequelae
were higher in children than in adults.

THE FIRST SEROLOGICAL EVIDENCE OF PREVIOUS ZIKA
VIRUS TRANSMISSION IN ETHIOPIA

Mesfin M. Tsegaye', Workenesh A. Moltotal', Berhane B.
Mentaye', Almaz A. Tadesse’, Amadou A. Sall?, Sergio D. Yactayo?,
Israel Tareke®, Messeret S. Eshetus, Desalegn Belay', Abrham Lilay?,
Abebe Alemu’, Emana Alemu’, Erin Stapless, Mesfin Tefera’, Abyot
Bekele', Daddi Jima', Amha Kebede’
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The the genus Flaviviridae contain the most important mosquito
transmitted viruses such as Dengue and West Nile viruses that affect
humans and cause millions of infections every year around the world.
However, many of the other viruses in this genus such as zika virus are
generally believed to have a more limited geographical range and to
cause few infections annually but this believe has been refuted with the
recent large epidemics of Zika virus infections especially in Latin American
countries. We show here evidence of past Zika virus transmission in
Ethiopia. The evidence of Zika virus transmission here was generated as
part of the yellow fever risk assessment study done in Ethiopia in 2014

in which the laboratory investigation required differential diagnosis for
flavi viruses including Zika virus. In the study, the country was divided in
to five ecological zones based on factors that affect the distribution and
abundance of flavi virus vectors. Serum samples were collected from 1643
study participants and tested for flavi viruses namely; yellow fever, dengue
fever, zika and westnile viruses specific IgG by ELISA and confirmed by
Plague Reduction Neutralization Test (PRNT). Demographic and laboratory
data was analyzed using excel spreadsheet. Of the total serum samples
tested, 7 (0.43%) showed a confirmed PRNT IgG positivity for previous
Zika virus infection. Three of the five Ecological Zones of the country
showed IgG positivity for Zika virus. The three Ecologic Zones represent
areas of the country that span from North-South and East-West. Five of
the total 7 positive cases (71.4%) were Females and the median age for
the positive cases was 28; with the youngest study participant infected
with the virus being a nine year old girl and the oldest a 60 year old
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woman.This is the first serological evidence showing previous zika virus
transmission in Ethiopia. Further studies are required to see if there is
active infection in the areas with Zika positivity and understand the risk
factors for Zika virus infection and transmission. This study also warrants
existing surveillance system in Ethiopia to consider and follow Zika virus
infection more closely.

YELLOW FEVER AND ARBOVIRUS SURVEILLANCE IN
SYLVATIC AREAS FROM MISIONES PROVINCE, ARGENTINA
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Yellow fever (YF) is a viral hemorrhagic fever endemic to tropical regions. In
South America, the sylvatic cycle of Yellow fever virus (YFV) is maintained
by viral circulation between monkeys and diurnally active mosquitoes

that breed in the forest canopy. In Argentina, circulation of YFV was
detected during 2007-2009, where a sylvatic outbreak affected monkeys
and humans. However, the transmission cycles are not completely
understood, and identification of vectors and reservoirs remains poorly
known. Since 2015, we have captured mosquitoes in four protected

areas of the Atlantic Forest of Misiones province, Argentina. In order to
evaluate the YFV enzootic circulation, mosquitoes were tested for YFV
and other arbovirus. During the day, we captured adult mosquitoes from
human bites, focusing on Sabethes and Haemagogus genera, because

of their known implication in the YFV transmission. Specimens were
sorted according to location, date and species. RT-PCR for YFV, generic
Flavivirus, Alphavirus and Bunyavirus from supernatant of mosquitoes pool
homogenates were performed. Inoculation into Vero and C6/36 cells for
virus isolation attempts were done from those pools positives for genome
detection. A total of 696 mosquitoes sorted in 134 pools were analyzed.
Sabethes mosquitoes were the most abundant genus (40%, 10 species),
followed by Trichoprosopon (18%, 4 species). Among the mosquitoes
taxa implicated in YFV transmission, only 5 captured specimens belonged
to Hg. leucocelaenus, 2 belonged to Sa. chloropterus and 36 specimens
belonged to Ae. serratus. No specimen of Sa. albiprivus, Ae. aegypti or
Ae. albopictus were captured. No YFV genome was detected in any of the
analyzed mosquitoes pools. Nevertheless, several arbovirus genomes were
detected, such as Mercadeo virus, Madariaga virus, and one new flavivirus
strain. Currently, isolation attempts are still ongoing. Even though YFV was
not detected in our survey, the current YF outbreak in Brazil could spread
to bordering countries representing a threat for public health. Continuous
maintenance of surveillance is crucial to detect the potential spread of YFV
to Argentina.

INTERVALS OF POSITIVE AND NEGATIVE DETECTION OF
THE ZIKV RNA IN THE URINE OF ZIKA-INFECTED PREGNANT
WOMEN

Ana C. Terzian', Cassia F. Estofolete’, Rafael A. da Silva', Denise
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Zika virus (ZIKV) is a re-emerging flavivirus that was first isolated in Uganda
in 1947, and before the Brazilian outbreak, ZIKV infection was considered
a mild febrile illness that did not produce severe outcomes. However, the
cases of congenital malformations or neurological alterations reported in
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Brazil reshaped knowledge on the course of infection caused by a flavivirus
and demanded a rapid approach to diagnosing the virus. The molecular
diagnosis of flavivirus is usually performed using blood/serum samples;
however, urine, saliva, and semen have been identified as additional
sources since detection can be prolonged in these fluids even after viremia
clearance. This study describes the long-term detection of ZIKV RNA in
the urine from a group of ZIKV-positive pregnant women. From February
to October of the 2016 ZIKV outbreak, pregnant patients with Zika-like
symptoms, with 4 to 38 weeks into their pregnancies, were treated at

the Public Health Authority in the Brazilian city of Sdo José do Rio Preto.
Serum and/or urine samples were collected from the mothers during their
first visits to facility after the onset of symptoms, and the patients were
tested for ZIKV. The viral RNA was extracted and TagMan® RT-qPCR assay
was performed using primers targeting the ZIKV envelope (E) gene. After
their first ZIKV-positive RT-qPCR (ct < 38.5), these pregnant women were
monitored, and viruria was measured until delivery. The viral RNA was
detected by RT-gPCR more than four weeks (and up to seven months)
after the first detection, even with intervals of negative detection. The use
of urine for diagnosis represents an additional tool for virus detection. It

is easy to obtain (as it does not put physiological stress upon pregnant
women), and it can be obtained more than five days after the onset of
clinical symptomatology. Because microcephaly and fetal abnormalities
have been attributed to ZIKV, the monitoring of ZIKV viruria in pregnant
women through the regular collection of urine samples proved to be

an important approach over the course of the pregnancy; however, the
meaning and the consequences for newborns will need to be evaluated in
the future.

HOW IS ZIKA AFFECTING PREGNANT TRAVELERS? ZIKA
VIRUS SURVEILLANCE IN A NON-ENDEMIC AREA
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